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ABSTRACT 

With regional rainfall of good volume and quality, and growing demand on the urban water supply in South 

East Queensland, rainwater harvesting (RH) is increasingly considered as a potential household 

supplement to the mains supply.  RH is attractive because it offers households access to control over an 

augmented water supply.  It also constitutes a form of demand management on the mains water supply 

and offers beneficial externalities to the environment.   

The Australian Bureau of Statistics (ABS) (Cat No. 4602.0: 2005) reported that household adoption of RH 

systems was limited to fewer than eight percent of households across South East Queensland in 2004.  

Yet, as our society has become more cognisant of its impact on the environment and of our dry continent, 

household adoption of RH systems has boomed.  By the end of 2008, almost 40% of South East 

Queensland households had adopted RH systems.   

Understanding the issues that influence household adoption can significantly contribute to regional water 

security.  So, what factors influence household RH adoption?  Two perspectives applicable to 

decentralised environmental technology adoption provide insight.   

Ecological modernisation (EM) provides a systemic perspective on households as consumers in a market 

context that is shifting to greater recognition of the economic, environmental and social advantages of 

more sustainable technologies.  EM recognises the importance of systemic influences such as the 

environment, governance and regulation and the economic availability of appropriate technologies on 

household adoption.  But EM fails to reach the fine-grained experience of individual households and its 

construction of social consumption issues as a ‘lifestyle choice’ is stepwise and clumsy. 

Diffusion of innovation (DI), conversely, emphasises temporally diffuse adoption and idiosyncrasies of the 

Adopter experience which are neglected in the EM perspective.  But by concatenating the advantages 

households obtain through adoption, it does so at the conceptual expense of systematically differentiating  
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among the specific social, economic and environmental factors that contextualise the household in its 

membership of a community and that may independently influence the adoption decision.   

The experiences of 560 surveyed South East Queensland households that consider, adopt or reject RH 

systems were compared with the perspectives offered by EM and DI.   

The thesis extended the analysis by proposing and interrogating an original synthesis of the EM and DI 

perspectives.  The proposed synthesis sought substantial conceptual improvements to the weaknesses 

identified in each of the component perspectives.  The aim was to provide a comprehensive actor-based 

lens, sensitised to the systemic context, as a tool for understanding the issues that catalyse and influence 

household adoptions of RH. 

Through a series of analytical stages, the synthesis was refined into the Decentralised Environmental 

Technology Adoption (DETA) Model.   The DETA Model provided a significant improvement over the 

component perspectives in its capacity to identify the issues that influence household adoption, 

accommodating 100% of the issues and influences reported by households.  Moreover, in a discriminant 

function analysis, the DETA Model correctly allocated 89.2% of households as RH adopters or 

nonadopters and 84.2% in cross validation.   
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INTRODUCTION 

 

Thesis Overview 

South East Queensland has one of the fastest growing populations in Australia.  Current estimated 

residential population at 2005 was 2,720,000.  Four-fifths of Queensland’s growth is in South East 

Queensland where an additional 50,000 people are expected each year over the next twenty years (AWA 

2005: i). 

Urban demand on the reticulated water supply is increasing with population growth in the region.  Without 

further demand management, the annual projected demand for the 3.7 million South East Queensland 

residents of 2026 is 630,000 ML. Current treatment capacity is just over 500,000ML, and supply is 

656,774 ML (AWA, 2005:21).  The existing resources are barely able to meet current demands.  Multiple 

sources of supply need to be explored, tested and implemented in the immediate future.  With regional 

rainfall of good volume and quality, household harvesting of rainwater offers a sustainable complement to 

the mains supply.   

Why do we need a social science of rainwater harvesting (RH)?  Decentralised systems differ from 

traditional massively engineered water solutions in many ways.  A fundamental consideration - with or 

without voluntary household RH adoption - is that notions of control traditional to centralised systems 

evaporate.  Yet, the exercise of some control at the institutional or municipal level remains an important 

consideration.  To understand and accommodate the issues that influence household adoption, use and 

maintenance of decentralised environmental technologies like RH, and to influence these, there is nothing 

as practical as a good theoretical framework. 

In contrast to decentralised environmental technologies like solar cells or onsite grey water treatment, rain  
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harvesting is a simple and ancient practice.  The household rainwater tank has for some time, been 

something of an icon of Australia.  In the last few years its appeal is ascendant, a topic of dinner party 

conversation and even featuring in the opening ceremony of the Sydney 2000 Olympics.   

To understand household experiences and attitudes towards RH systems and the issues that influence 

their adoption and use by households, this thesis addresses a number of broad research questions, each 

of which concerns a cluster of more fine-grained issues.  The broad questions are: 

 
1. What characterises the RH systems that are adopted by South East Queensland households and 

how are these characterisations connected with adoption, use and maintenance?  
 
2. What are the dominant factors that catalyse and influence the household decision-making in 

connection with household adoption of RH systems? 
 
3. How effective are existing theoretical frameworks in explaining the interaction among the aspirations, 

values and behaviours of individual households, and the impacts of our society and environment in 
support of our understanding of household adoption of RH systems? 

The first question is physically and technically oriented and comprises the ‘what’ of household adoption of 

RH systems.  RH systems may be characterised by their physical components and differentiated on the 

basis of the sophistication of their performance, including integration with household water needs and their 

capacity to deliver an alternative supply at identified levels of quality in meeting these needs.  The analysis 

offered in response to this question characterises physical components, use and maintenance of RH 

systems.  To what extent are RH systems homogeneous across adopting households?  What factors 

moderate physical variation across household RH systems?  What do households seek in terms of 

balancing capacity, chreseology, cost and performance of RH systems?  This becomes:  

Research Aim 1. To characterise Adopters RH systems and Nonadopters’ projections of likely RH 
systems in terms of their catchment, storage, treatment capacity, end use, and 
maintenance. 

The second question concerns the ‘why’ and ‘how’ of adoption decision-making.  This thesis places the 
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household at the centre of an actor-based enquiry.  Here, solicitation of ‘grounded’, ‘natural’, ‘theoretically 

uncontaminated’ household experiences of RH adoption decision making is key.  This invokes experience 

in a constructivist paradigm, since the experiences of one household may markedly differ from those of 

another, even when they concern the ‘objective’ identical context of regional water shortage, incentives for 

adoption, availability of RH system components or access to information about household RH systems.   

This becomes: 

Research Aim 2. To discriminate and characterise influences nominated by households on the household 
decision-making and behaviour associated with household adoption of RH systems. 

The response attempts to identify factors that catalyse and influence individual household RH adoption 

decisions and seeks emergent patterns across these households. 

With existing bodies of knowledge offering insights to issues in the adoption of decentralised environmental 

technologies like household RH systems, it is appropriate to consider how these perspectives conform to 

the factors that emerge through Research Aim 2.  Ecological modernisation (EM) and diffusion of 

innovation (DI) both seek to explain adoption of decentralised environmental technologies, though they 

address adoption from different perspectives and so emphasise different aspects of the issue.  The 

extended case method provides a methodological perspective that integrates data driven and theory 

driven enquiry.  Through the extended case method, addressing the first two Research Aims provides a 

base of data that enables the philosophical and empirical scrutiny of EM’s systemic perspective in 

complementary comparison with DI’s actor-centred perspective.  The aim is a comprehensive 

understanding of the issues associated with household adoption of RH technologies.  This becomes:  

Research Aim 3. To evaluate the capacity of the EM perspective to explain household adoption of RH 
systems. 

and 

Research Aim 4. To evaluate the capacity of the DI perspective to explain household adoption of RH 
systems. 
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The issues in household RH adoption expounded in these two frameworks are compelling, yet they derive 

from vastly different bases.  EM developed deductively as an iterative consideration of ideas relevant to 

sustainable production and consumption, and offers a perspective on systemic influences.  DI developed 

inductively, based on meta-analysis of the issues that influence ‘proliferation’, and it offers a perspective 

which is actor-centred.  It is the complementary nature of these perspectives which is explored in the 

theoretical development provided in this thesis.  The thesis provides an interrogation of these two 

perspectives by deconstructing them and giving separate consideration to each of the constructs presented 

as influences on adoption before proceeding to a synthesis of the two perspectives.  This becomes: 

Research Aim 5. To evaluate the capacity of a proposed synthesis of EM and DI perspectives to explain 
household adoption of RH systems. 

The deconstruction of the perspectives results in a confluence of ideas which does not immediately 

provide discrete factors with which to build a synthesised perspective.  However, a staged analytical 

development open to exploratory and confirmatory treatment by qualitative and quantitative analyses is 

used to purposefully develop this synthesis.   

A competent synthesis can promulgate and ascertain empirical support for the ascendant ideas of EM and 

it can transform continued reliance on the problematic factor structure of DI.  The result is a theoretically-

derived and empirically supported model of decentralised environmental technology adoption which is 

actor-based and sensitised to the systemic context.  The Decentralised Environmental Technology 

Adoption Model developed in this thesis is therefore of particular value in articulating links to existing 

bodies of knowledge that can be applied to predict, analyse and support the decentralised proliferation of 

RH systems and other decentralised environmental technologies.  
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Chapter Development 

This thesis is presented in nine chapters.  These provide a context and rationale for household rainwater 

harvesting system adoptions, establish the relevance of the theoretical frameworks used to scaffold the 

investigation, explain the stages of the research process from conceptualisation through to analysis, and 

present the findings, outcomes and conclusions of the thesis.  Each Chapter is prefaced with an overview 

of the chapter. The Chapters are composed as follows: 

CHAPTER 1: Background provides a context for a purposeful role for household RH.  It covers the 

climate and rainfall of the South East Queensland (SEQ) region.  It relates supply provided by the water 

industry with the demands of the household consumer and incorporates the governance issues that 

currently apply to that transaction. 

CHAPTER 2: Rainwater Harvesting provides an account of the components that comprise the household 

RH system and discusses issues in the household installation and use of RH systems. 

CHAPTER 3: Ecological Modernisation introduces ecological modernisation (EM) as the first theoretical 

framework used as a lens on household RH system adoption.  It provides an account of the progressive 

development of EM, demonstrating its ascendancy through the systemic integration of environment, 

economy and society and shows the relevance of EM to the study of household RH adoptions. 

CHAPTER 4: Diffusion of Innovation introduces the second theoretical framework used as a lens on 

household RH system adoption.  It provides an account the major issues in diffusion of innovation (DI) 

research, demonstrating its relevance to the study of household RH adoptions. 

CHAPTER 5: Synthesising Ecological Modernisation and Diffusion of Innovation, makes a case for 

the integration of the complementary perspectives offered by EM and DI, as a model for the specific study 

of RH adoption and for exploring the proliferation of environmental technologies, generally.  It outlines and 

justifies the arguments and operationalisations made in support of the theoretical synthesis.  
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CHAPTER 6: Methodology, discusses the research approach, progressively tightening from ontology and 

epistemology, through the theoretical framework, explication of the methodological perspective, 

methodology and research methods to the fine grained detail of design, collection and analyses of data. 

CHAPTER 7: Results, presents the staged data analyses that shape the development of the DETA 

Model, their meanings in the context of the research questions and the application of research outcomes. 

CHAPTER 8: Discussion, summarises the key insights generated by the thesis and recognises the 

dynamic nature of the household context through this research.   Comparisons with existing models, 

implications for future activity and recommendations made for policy development are presented. 

CHAPTER 9: Conclusions, summarises the purpose of this research and the aims and methodological 

considerations applied to resolving this purpose.  A summary of results, the deeper meaning of the 

research outcomes and directions for future research are presented.  

References and Appendices follow CHAPTER 9. 
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CHAPTER 1: BACKGROUND 

 

Chapter Overview 

Situational variables of the South East Queensland environmental climate (such as rainfall), built 

environment (such as existing water supply infrastructure) and its cultural climate (such as the typical end 

uses of water) each impact on the efficacy and perceptions of rainwater harvesting (RH) as a water supply 

technology.  A situated study of RH should give an account of this context.  In the background chapter, 

information about these situational variables gives a context to the specific situation in which the thesis 

research is developed.   

This chapter has three principal sections.  The first section, Queensland’s Regional Climate and Weather, 

discusses the current and projected future of the local climate context, with a particular emphasis on 

rainfall and the impact of forecast climate change on rainfall.  The second section, The Water Industry, 

traces the development and current state of the Queensland water industry in terms of its infrastructure 

and governance.  The third section, Household Water Usage, considers the culture of water use, 

household sources of water and its end uses. The Chapter concludes with the recognition that RH is an 

appropriate technology to offset demand on the mains supply (which is of drinking water quality) by 

providing a source of water that can satisfy lower-order needs, that is, not requiring treatment to the 

NH&MRC (2004) Australian Drinking Water Guidelines.   

In summary, six points are of interest.  First, the review of regional climate and weather patterns shows 

that rainfall is of good quality, predictable and sufficiently viable volume for sustainable harvesting.  Second, 

current and future climate and weather of the region has risen to significant public interest – particularly 

with regard to rainfall as a resource.  Third, transformational governance and regulation has recently 
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enabled significant support for harvesting and use of rainwater at the household level.  Fourth, with 

respect to infrastructure, there is an available mains water supply to which nine tenths of households are 

already connected, though, fifth, there are limitations on this supply manifested both in public awareness 

of its finite capacity, and more practically, as escalating restrictions on mains water use.  Sixth, the existing 

water supply infrastructure is undergoing review and expansion, but this will take time to deliver benefits in 

terms of increased supply, leaving a window for more immediate action. 

Without rushing to conclusions about whether or not these characteristics of the local regional context 

specifically motivate or inhibit RH adoption at the household level, it is fair to state that, currently, each of 

these influences is dynamic, holds significant public attention, and their very presence may serve to 

augment the likelihood that RH could be considered at the household level.   
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Queensland’s Regional Climate and Weather 

All of the water we use today has been recycled for hundreds of millions of years through the combined 

action of five processes - condensation, precipitation, infiltration, runoff and evapo-transpiration, which in 

concert, comprise the Hydrological Cycle (FIGURE 1.1).  Water vapour condenses to form clouds, which 

results in precipitation when the conditions are suitable.  Precipitation falls to the surface and infiltrates the 

soil or flows to the ocean as runoff.  Surface water (lakes, streams, oceans etc.) evaporates, returning 

moisture to the atmosphere, while plants return water to the atmosphere by transpiration. The atmosphere 

contains 0.001 percent of the earth's water, and the amount of water available throughout the hydrological 

cycle probably hasn't changed very much in this time.   

 
 
FIGURE 1.1: The hydrological cycle 

   Source: http://mynasadata.larc.nasa.gov/ 

Australia is the world’s driest inhabited continent.  The average annual rainfall in Australia is 469 mm/yr, 

well below the global average of 746mm/yr.  70% of the continent is classified as desert or semi-desert, 

with little or no precipitation.  Less than twenty percent of the continent exceeds an annual average of 

600mm, and less than half receives less than 300mm PA (ABS Cat No. 1301.0, 2005: 16).  

Queensland experiences weather patterns that are distinctive from the general continent.  The region of 

highest mean rainfall in Australia is on the east coast of Queensland between Cairns and Cardwell, where 

http://mynasadata.larc.nasa.gov/�
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mountains are very close to the coast.  FIGURE 1.2 shows rainfall distribution across Queensland.   

Typically, as this graphic shows, the concentration of rain is greatest in the north of the state, reaching a 

maximum in the Gulf of Carpentaria region. Similar to the Cairns/Cardwell area, the rainfall of the South 

East Queensland region (SEQ) is influenced by coastal geography.  In southern Queensland, good 

summer rainfall is slightly less reliable, except for the coastal fringe, which has an assured summer 

rainfall.   

                     
 
FIGURE 1.2: Queensland average rainfall (1961-1990). 
                      Source: ABS Year Book Australia Cat No. 1301.0 (2006: 20) 

The World Meteorological Organization currently defines the ‘standard normal’ period as covering the 30 

years from 1961 to 1990. While the warming trend globally means that 1961-90 averages for temperature 

are no longer representative of the most likely values to be experienced, they still provide a suitable 

reference benchmark and are used as the base for the Australian data set.  Averages for shorter, or more 

Millimetres 
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recent, periods are useful in monitoring current conditions, or in allowing averages to be calculated at 

stations which do not have data available for the full 1961-90 period. FIGURE 1.3 shows the seasonal 

distribution for the Brisbane Region, and uses 1971-2000 averages for this reason (ABS, 2005).  A salient 

feature of regional rainfall is its seasonal variability, with a ‘dry season’ running from May to October and a 

‘wet season’, from November to April.   
 

 
 
FIGURE 1.3: Mean monthly rainfall for Brisbane region (1971-2000). 
                      Source: ABS Year Book Australia, Cat No. 1301.0 (2005: 21) 
 
 
TABLE 1.1: Rainfall and temperature, SEQROC Statistical Divisions, 2003. 
                   Source: Australian Government Bureau of Meteorology (2006) 
 
       

Weather station 

Local 
Government 
Area (LGA) 

Rainfall 
2003 

Proportion 
of mean 

annual 
rainfall 

Mean 
annual 
rainfall 

Number of 
rain days  

Daily temperature 
 

 maximum  minimum 
 

      (mm)  (%)  (mm)  (frequency)  — (°C) —  
 

Brisbane  Brisbane 859  102  846  113  26.6  15.9  
Maleny Tamarind St  Caloundra  1,956  124  1,583  149  23.5  13.8  
Gatton DPI Station  Gatton 565  71  791  96  26.7  13.2  
Gold Coast Seaway  Gold Coast   1,366  116  1,181  137  24.8  17.3  
Amberley  Ipswich   559  66  852  102  26.7  13.1  
Jimna Forestry  Kilcoy   871  124  703  115  23.7  11.5  
Logan City  Logan   1,085  103  1,055  125  25.8  14.8  
Nambour DPI  Maroochy   1,692  99  1,702  148  25.8  13.9  
Tewantin RSL Park  Noosa   1,456  97  1,507  150  25.2  16.9  
Redcliffe Council  Redcliffe   945  86  1,097  125  25.1  16.6  
Point Lookout  Redland   1,525  108  1,406  160  25.0  18.7  

 

 

 

Brisbane region mean 
rainfall 1971- 2000 
 
Brisbane region mean 
rainfall 1908- 2004 
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SEQ regional rainfall data are presented in TABLE 1.1 which shows recent annual weather statistics of the 

Local Government Areas (LGAs) with weather stations.  Data are the specified weather station recordings, 

with a rain day classified as any day receiving 0.2mm of rain or greater, and so may include a day with 

heavy dew.  Redland Shire averages the most number of rain days per year (160 days) while Gatton Shire 

records the least (96 days).  Overall, though, Maroochy Shire is the wettest regional LGA, with a mean 

annual rainfall of 1,702mm. Kilcoy Shire is the driest with a mean 703mm.  From time to time, these 

variations are more extreme: in 2003, Caloundra City recorded the highest rainfall with 1,956mm while 

Ipswich City, 100 km away, recorded just a quarter of this at 559mm.  

Climate change 

2005 was the warmest year on record for Australia. The national average of 1.06°C above the 1961-90 

mean broke the previous record, set in 1998, by 0.26°C (ABS, 2007). The Intergovernmental Panel on 

Climate Change (IPCC) (2001) report includes CSIRO (1996) scenarios that model warmings of 0.3°C to 

1.4°C in 2030 and 0.6°C to 3.8°C in 2070, relative to 1990.  These are comparable to Hulme and 

Sheard’s (1999) estimates, which use the IPCC's Special Report on Emissions Scenarios, leading to 

greater warmings of 0.8°C to 3.9°C by the 2050s and 1.0°C to 5.9°C in the 2080s, relative to the 1961-

1990 averages.   

Although the greenhouse signal is much weaker for precipitation than it is for temperature because of the 

higher natural variability of precipitation, the impacts of climate and climate change have ramifications for 

water supply in South East Queensland.  CSIRO model simulation with global warming forcing provides 

greater agreement with observations in terms of rainfall change, which has decreased since the 1950s. 

This supports the view that recent rainfall trends have a strong greenhouse-induced signal (CSIRO, 2003). 

Rainfall scenarios that are based on the coupled model results in CSIRO (1996a) show changes for 

eastern Australia of +4% to -12% in 2030 and +10% to -30% in 2070.  The Hulme and Sheard (1999) 

scenarios suggest that annual precipitation averaged over either northern or southern Australia is likely to 
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change by +5% to -25%.  The implication of the upper boundary (maximum impact) projection is that 

CSIRO forecasts a decrease in mean annual rainfall of some 300mm over the next 25 years along the 

populated east and southern coasts of Australia, including South East Queensland (2005).   

The projected impact on many of Queensland's water storage facilities would be a reduction in collection 

inflow from 11% to 30% (Hassall and Associates et al., 1998; Schreider, Jakeman, Whetton and Pittock, 

1997).  With this continued pattern of reduced rainfall, centralised water storages cannot recharge at the 

rate they are consumed.  In part, this is because a coefficient of runoff is required to saturate ground 

surfaces before flows progress to centralised water storages.  With less rainfall, and drier ground, a 

greater proportion of rainfall is required to create this saturation, leaving less for recharge.   

Against the context of these long term climate trends, South East Queensland currently continues to suffer 

from a long ‘green’ drought. A green drought is a period in which it may rain, but rainfall does not replenish 

water storages (Cordiner, 1996).   

 
 
FIGURE 1.4: Accumulated rainfall deficit since April 1898 and April 2001. 
                      Source: Queensland Climate Change Centre of Excellence (2007: 1) 
 

FIGURE 1.4 shows a comparison of the accumulated rainfall deficit in the catchment area to the west of 

Brisbane during the current drought (from April 2001 to January 2007) with the previous worst drought 
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(from April 1898 to April 1903).  While the short term impacts of this drought have significant effects for 

non-urban areas which can be almost exclusively reliant on rainfall, there is a diminished impact in urban 

areas because locally harvested rainfall remains under-utilised as a water resource.  It is significant that 

south-east Queensland’s weather and geographical characteristics appear to remain appropriate for 

sustainable urban RH, despite the climate change forecasts for reduced rainfall, and in terms of the ‘green 

drought’.   

The natural systems that continue to broadly assure the regional water supply represent only a portion of 

the supply equation, however.  To reliably provide for the water needs of the population, regional 

catchments were developed as dams, providing the first point in the water supply infrastructure managed 

by the Queensland water industry. 
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The Water Industry 

Water is critical for supporting Australia's physical, social and economic environment.  The water industry 

in Australia has an international reputation for being a smart water industry and has served its community 

well (AWA 2005: 85).  Yet, although current legislation and governance is now much improved, the 

approach of Australian governments as late as the 1970s was characterised as ‘administrative rationalism’ 

(Dryzek, 1997).  Until recently, water planning in Australia was driven by demand and controlled by 

engineers, not by economics (Smith, 1998b).  Water issues were addressed using existing bureaucratic 

expertise and mechanisms, and impaired by a perspective of environmental issues as “minor, technical, 

soluble and politically uncontentious” (Jacob, 1997).   

It is only with the elevation of the Environment portfolio in the Federal cabinet and politicisation of the 

environment in the 1980s that intervention efforts were taken to develop comprehensive and pro-active 

approaches to water management that extended beyond the confines of the bureaucracy (Papadakis and 

Grant, 2003).  Even then, it was not until 1995 that the Council of Australian Governments reviewed water 

resource policy in Australia and agreed to implement a strategic framework to achieve an efficient and 

sustainable water industry through processes to address water allocations, including provision of water for 

the environment and water-trading arrangements. 

Already, in some regions, the biological condition of the river, wetlands and groundwater dependent 

ecosystems has been severely impacted by the extraction of large volumes of water for agriculture, 

household and industrial use.  With this context, this section concerns supply capacity and infrastructure 

and the regulatory and technical environment in which the water industry of South East Queensland now 

operates.   

There are twenty-two dams, twelve weirs and three groundwater resources in South East Queensland.  

The South East Queensland Water Corporation owns and operates the three major water storages in the 

region – Wivenhoe, Somerset and North Pine Dams.  Water is provided to agriculture, industrial and 
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residential needs via an infrastructure comprising 18,700km of reticulated mains, thirty-seven treatment 

plants, 321 booster pumps and 368 elevated reservoirs (Australian Water Association 2005:i).  At the time 

of writing, a massive infrastructure project costing $11 billion, the South East Queensland Water Grid aims 

to physically connect these elements to assure supply.   

As is true for the rest of Australia, agriculture is by far the largest consumer of water in Queensland, 

accounting for around three quarters of the total water used in the State (TABLE 1.2).   Households are 

the next highest consumers of water, accounting for 10.6% of water use in this period.   

TABLE 1.2: Water consumption (2004-5), by sector. 
                   Source: ABS Water Account Australia, Cat No. 4610.0 (2004: 8) 
 

 

 Australia  2004-5 
 2000-1 2004-5  NSW VIC QLD SA WA TAS NT ACT 

 

 GL GL  GL GL GL GL GL GL GL GL 
 

Agriculture 14 989 12 191  4 133 3 281 2 916 1 020 535 258 47 1 
Forestry and fishing(a) 44 51  11 8 3 1 25 4 1 - 
Mining 321 413  63 32 83 19 183 16 17 - 
Manufacturing 549 589  126 114 158 55 81 49 6 1 
Electricity and gas supply 255 171  75 99 81 3 13 - 1 - 
Water supply(b) 2 165 2 083  631 793 426 71 128 20 8 5 
Other industries 1 102 1 059  310 262 201 52 168 18 30 17 
Households 2 278 2 108  572 405 493 144 362 69 31 31 
(a) Includes services to agriculture; hunting and trapping. 
(b) Includes sewerage and drainage services. 
 

Water use by households includes water for human consumption (such as for drinking and cooking), as 

well as water used by households for cleaning or outdoors (water for gardens and swimming pools).   

However, all of the water supplied to residential customers is treated to potable standard.  Urban demand 

on the reticulated water supply increases ceteris paribus with population growth in the region.  Without 

further demand management, the projected demand for the 3.7 million South East Queensland residents 

of 2026 is 630,000 ML. Current treatment capacity is just over 500,000ML, and supply is 656,774 ML 

(AWA 2005:21).  The successful management of potable water supply throughout South East Queensland 

remains a critical factor in the growth of the region (AWA, 2005).   
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Regional governance and the water industry  

The region generally referred to as South East Queensland effectively comprises the ‘Brisbane and 

Moreton Statistical Divisions’, or the ‘South East Queensland Region of Councils’ (SEQROC) (FIGURE 

1.5).  This demarcation of governance provides appropriate parameters for reporting on the local water 

industry.  SEQROC was formed in 1991 and comprises eighteen Local Government Areas (LGAs). These 

small local governments are each responsible for the management of water supplies to their community.  

 
FIGURE 1.5: South-east Queensland Local Government Area divisions. 
                      Source: ABS Queensland in Review Cat No. 1387.3 (2003)   

TABLE 1.3 shows the (2005) Department of Local Government and Planning projections for distribution 

across the LGAs of the estimated 1,000,000 additional residents living in South East Queensland by 2026.   

While each of these regions is projected to absorb a minimum of 10% population growth, some regions, 

including Ipswich and Beaudesert are projected to double in size.  
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TABLE 1.3: Estimated resident population by Local Government Area, 2004. 
                    Source: Department of Local Government and Planning (2005) 
 

 

The water industry in Queensland consists of publicly owned corporatised service provision.  There is no 

significant privately owned commercial competition.  Although standards of service and water-related 

public health have improved and the cost of water services has fallen in real terms (AWA 2005: 82), 

Queensland’s systems of water industry and governance are characterised by a complex organisational 

division and demarcation of responsibilities and resources that is rooted in the region’s history.   

Historically, Queensland’s ‘regional issues’ were not given much attention by Local or State Government. 

Before 1989, there was no regional planning in South East Queensland.  Developers were the traditional 

drivers of growth and cooperation was uncommon among local governments.  The catalyst for SEQROC’s 

formation was the commitment by the local governments to actively participate, coordinate views and 

share ownership of the SEQ 2001 Growth Management initiative of the Queensland Government.  The 

cooperation of LGAs that SEQROC enabled, plus initiatives at higher levels of government introduced a 

new regulatory framework for the local water industry.  It placed greater responsibility for accountability 
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and compliance on service providers while developing a framework for the regulator to monitor the 

provision of services in a strategic approach that hadn’t existed before.  Brisbane Lord Mayor Campbell 

Newman in an interview with the Financial Review, 30 October, 2003, ‘Brisbane's growth issues find their 

place in the sun’, stated:  

“The old approach was development-led planning. Sydney and Melbourne have a much 
better record, dating back to the 1930s and 1940s, in terms of regional planning.  Unlike 
Brisbane, these two cities did not allow their outer suburbs to be broken into acreage, so 
when the cities needed to expand they could so in an orderly fashion.  Planning in South 
East Queensland has been far more patchy. In 1991, the SEQ 2001 plan was drawn up but 
lacked implementation processes.  What it did was put together a jigsaw of existing plans 
rather than a new, integrated comprehensive plan.  The State [Government] didn't feel 
bound by it and they didn't resource it.” 

 

Now, different aspects of the water industry and water supply are subject to legislation, regulation, policy 

and guidelines at Federal, State and Local levels of government.  At the national level these include the 

National Water Initiative (2004) and the Council of Australian Governments’ (COAG) Water Reform 

Framework.  For the State of Queensland, this includes the Environmental Protection Act (1994), The 

Water Act (2000), and the Queensland Government Water Recycling Strategy.  For the South East 

Queensland region this includes the Queensland Water Commission, the Office of Urban Management, 

SEQ Water, the South East Queensland Regional Plan, the South East Queensland Regional Water 

Quality Management Strategy, the South East Queensland Regional Water Supply Strategy, and the 

Regional Drought Management Strategy.  In addition, a range of government departments and peak 

industry bodies such as the Australian Water Association, the Water Services Association of Australia 

make valuable contributions to more effective water resource management. 

Currently, the one million homes of the urban population in South East Queensland are supplied 

principally by dams, which reached ‘operating lows’ in 2007, the primary dam running at just 15% of 

capacity.  The Moreton Bay Waterways and Catchments Partnership (2004) report indicated that water 

initiatives in South East Queensland lag behind those in New South Wales and Victoria, which 
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implemented water sensitive urban design practices earlier, and which have stricter government 

legislation.  The combined effect of ongoing drought and the looming challenges of projected population 

growth in the region provide a timely “policy window” (Kingdon, 1994) for the revision of regional water 

governance.  The available policy window heralded three primary governance initiatives used in South 

East Queensland to address the imbalance between demand and supply. 

Water restrictions 

The temporary introduction of water restrictions is the key policy device that Councils have historically 

used to manage residential demand. Now, water restrictions for South East Queensland are developed 

within a Regional Water Restrictions Framework (Queensland Water Commission, 2007).  Generally, the 

level of water restriction depends on how much water is available in South East Queensland, with the 

severity of water restrictions increasing as water supply levels are reduced. Level 1 restrictions are 

enforced when water supply levels drop below 40%. In May 2005, Level 1 restrictions were enacted.  

Level 2 restrictions were in place by October, Level 3 by June 2006 and Level 4 by November 2006.  By 

April 2007, the combined level of the key regional water storages had fallen to about 20%. Councils had 

escalated to Level 5 residential restrictions and sought to reduce consumption below 140L/p/day (less 

than half the 2005 consumption) in those homes served by Beaudesert Shire Council, Brisbane City 

Council, Caboolture Shire Council, Council of the Shire of Esk, Gatton Shire Council, Gold Coast City 

Council, Ipswich City Council, Kilcoy Shire Council, Laidley Shire Council, Logan City Council, Pine Rivers 

Shire Council and Redcliffe City Council (Queensland Water Commission, 2007).  Level 5 restrictions 

include:  

• Gardens - only water existing gardens with buckets or watering cans on three allocated days between 
4pm–7pm.  Tank (not connected to mains top-up) or grey water may be used at anytime 

• Vehicles - only use a bucket to spot clean mirrors, lights, glass, number plates and potentially 
damaging marks 

• Pools - from 1 July, only top up existing swimming pools from town water as a last resort and only 
where a rainwater tank or downpipe rainwater diverter is fitted along with three of the following: a 
swimming pool cover, water efficient taps and showerheads, water efficient toilets, water efficient 
washing machine (minimum 4 star) 



38 of 457 

• New or renovated pools - may only be filled with water sourced from areas not under Level 5 
restrictions (i.e. brought in by truck) 

• High water users (greater than 800L/household) – must submit to council a water use assessment 
form on their water use and identify saving opportunities. 

In 2005 nearly one third of Queensland households (32%) nominated supply restrictions as a problem with 

the mains supply, a large increase since 2001 (7%), which is largely attributable to the ongoing drought 

conditions (ABS 4602.0).  Yet by 2005, the Queensland Water Commission had already indicated it would 

consider the introduction of Level 6 and possibly Level 7 water restrictions in the absence of significant 

rainfall and corresponding inflows to the dam storages.  Level 6 restrictions were introduced in November 

2007, prohibiting use of water outside the home.  Only by reducing water consumption across the region 

can the rate of decline in the dam levels be slowed and the requirement to further intensify water 

restrictions delayed.   

Rainwater Harvesting 

While reduced demand is desirable from many points of view, balancing the supply demand equation 

clearly requires a broader response than the single measure of supply restrictions.  This is where the 

potential of RH is clear.  Annual rainfall volume to the average home in South East Queensland is 

sufficient to supply roughly half the household demand for water.   

At this level of the supply-demand equation, rainwater harvesting (RH) constitutes a form of demand 

management to the water industry.  Household adoption of RH is distinct from sources such as 

construction of new dams, water recycling or desalination that augment the reticulated supply.  Rainfall 

that is not captured is otherwise ‘wasted water’ because it does not replenish reservoirs – running off 

below catchment areas.  However, households harvesting this water have an alternative source of water 

to the mains supply and so are less reliant on drawing from the mains supply to meet their water needs.  

RH is increasingly considered as a supplement to the mains supply by resident households and as an 

urban demand reduction strategy by the eighteen Local Government Area Councils and State 

Government.   



 39 of 457 

However, household RH adoption also displaces the financial burden of installation to the resident 

households more directly than public sector improvements to infrastructure capacity.  In addition, it 

presents a different set of potential risks to Councils, namely, that whereas Council responsibility 

traditionally ‘ended at the (water) meter’, endorsement of a water supply beyond the meter raised issues of 

potential liability and duty of care for the health and other risks associated with poor maintenance or 

improper installation, perhaps leading to epidemiological incidents, vector-borne disease, or low-grade 

accidental contamination of the reticulated water supply.   

Assuring the ongoing behaviour of households is, of course, more difficult, but fortunately, the ‘technical’ 

aspects of RH installation and its water supplementation are relatively uncomplicated, and can be 

addressed through Council inspections and mandated technologies like backflow prevention, and through 

the provision of rebates to offset the direct cost to the household.   

In 2002, SEQROC Councils progressively began introducing various installation rebates for household RH 

systems.  Given Council autonomy, the rebates offered by the various Councils were not uniform across 

the region, and at 2006 half of SEQROC Councils had still not offered a rebate scheme.  The Councils 

implementing rebates are in something of a dual bind, since the rebate programs are popular and clearly 

appear to encourage household RH adoption, yet rebate programs are expensive and Councils reliant on 

revenue deriving from water rates.  The willingness of Councils to support rebate programs has grown in 

response to constituent demand, but is clearly more pressingly caused by the necessity to better manage 

demands on the dwindling mains supply.   

It is difficult to conceive that the escalating mains water restrictions placed on households did not, in turn, 

cause more households to consider RH adoption as the best means of preserving some control over the 

water at their disposal, further accelerating household RH adoption.  However, the proliferation of 

household RH adoption that has followed from the rebates is stunning.  Whereas other Councils allocated 

budgets ranging from under $100,000 for similar programs, Brisbane City Council, the first and most 

generous, has rebated tens of million dollars since their rebate program commenced in 2002 (the 2006/7  
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rebate budget is $12.5 million).   

By 2006, Brisbane City Council had rebated RH installations in 21,000 homes and around half of the 

SEQROC Councils were running rebate programs, with rebates ranging from $150 to $1000 depending on 

the Council, tank size and end uses of the rainwater.  The offer and extent of these rebate programs have 

varied considerably over the period of this research.  TABLE 1.4 shows a summary, taken from Council 

websites, of existing rebate schemes in mid 2006. 

TABLE 1.4: South-east Queensland Council rainwater tank rebate programs.   
                    Source: Queensland Conservation (2006) 
 
Council RH System Rebate 

Beaudesert Shire  NO 

Brisbane City $500 rebate for ≥1000L TANK; $750 rebate for ≥ 3000L TANK  

Caboolture Shire  Up to $500  

Shire of Esk  NO 

Gatton Shire  $500 rebate for ≥13000L TANK If connected to laundry + toilet  

Gold Coast City  $200 rebate for ≥2000L TANK; $500 rebate for ≥ 7000L TANK 

Ipswich City  $250 rebate for 1000-4999L TANK; $500 rebate for ≥5000L TANK  

Kilcoy Shire  NO 

Laidley Shire  NO 

Logan City  $250 rebate for ≥ 1000L TANK  

Pine Rivers  $150 rebate for outdoor use; $500 rebate for indoor use  

Redcliffe City  NO 

Redland Shire  NO 

As part of new energy and water-saving laws introduced from 1 March 2006, Councils have had the option 

to amend their planning instruments to mandate rainwater tanks for new houses in their region. Councils 

have the discretion to allow for local factors, such as rainfall and the demand for water in their area, but 

must justify the need for the tanks, taking into account the costs and benefits to the community 

(Queensland Government, 2006).  In mid 2007, several Councils had still failed to adopt a mandate on 

tanks with new buildings or developments. 
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In 2006 the Queensland Government also began offering RH rebates of up to $1000 to households, 

cumulative with those of Councils.  In the first three months of the Queensland Government initiative, 

32,000 applications for rebates were received consuming half of the initial $29 million budget for rebate 

schemes (Courier Mail, 2006).  By October 2008 rebates for household RH systems exceeded $241 

million (personal communication, HWRS Director, Kel Holmes). 

Water Infrastructure 

The Queensland Government Home WaterWise Rebate Scheme (HWRS) is complemented by a 

significant investment in water assets and infrastructure in south-east Queensland.  Since late 2005, the 

State and Councils have engaged in infrastructure development to water supply arrangements in south-

east Queensland. This includes (a) Queensland Government investment of $11 billion in new 

infrastructure through establishment of the Water Grid; (b) Councils undertaking a range of measures at 

the retail level in matters such as pressure leakage and reduction programs, and other smaller scale 

supply initiatives.   

The Queensland Water Commission’s (2007c) Final Report to the Queensland Government: Urban water 

supply arrangements in South East Queensland, released in May 2007, set forth that the Queensland 

Government will be in charge of regional water security, controlling all bulk supply and transport assets 

and the new SEQ Water Grid Manager. The State would also take control of waste water treatment.  

By October 2008, water supply assets would be owned by three main bulk supply businesses. All dams 

and aquifers, water treatment plants and wastewater treatment plants will be amalgamated from 25 

owners to two State owned businesses. The new desalination plant at the Gold Coast and the Western 

Corridor Recycled Water Scheme would be combined into a single SEQ Manufactured Water Business.  A 

second State-owned bulk transport business will own all the major existing trunk mains and new regional 

interconnector pipelines built by the State with Council assistance (Northern, Eastern and Southern 

Regional Water Pipelines) and bulk clean water reservoirs in SEQ, including transfer of existing bulk 
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potable reservoirs from Councils to the State. The third entity is the establishment of a Water Grid 

Manager to operate the SEQ Water Grid to ensure coordination of water use and fair water sharing across 

the region. The Grid Manager will establish contracts with bulk supply and bulk transport owners and on 

sell to the retail businesses. 

Local Governments will continue to supply treated water and sewage collection services to households 

and business, and be responsible for retailing functions (i.e., billing and customer service).  Existing 

council retail activities (billing and customer service) will be separated from water distribution and sewage 

collection.  From 1July 2009, Councils’ water distribution and sewage collection networks will be 

transferred to four new Council-owned businesses (three retail and one for distribution and waste water 

collection). The three new retailers will bill customers directly for water. The QWC contends the split will 

prevent the ‘running down’ of distribution and sewage assets, in order to bolster retail ‘profits’.  
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Household Water Usage  

Is consumption need or culture? 

FIGURE 1.6 shows that in 2005, household water consumption from the mains supply ranged from 280 

Litres per person per day (L/p/d) to 380L/p/d across the SEQ region.  Across Australia, mean household 

water consumption from the mains supply, without demand management, is around 280L/p/d.   

 
 
FIGURE 1.6: Water consumption by SEQ Local Government Area (Council) divisions.  
                      Source: AWA Status of Water in South East Queensland (2005: 29) 

There is regional variation in water consumption, evident in consumption data for capital city households 

presented in FIGURE 1.7.  It may be asserted that this variability is moderated by climate effects, including 

heat and natural precipitation.  But across cultures, collective demand is significantly more variable.  The 

international perspective presented in the OECD data (FIGURE 1.8) show that the underlying culture of 

household consumption choices –the amount of water that households seem to need (or want) within a 

culture, may also be counted as a compelling influence.     
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FIGURE 1.7: Household water consumption by capital city (1997-2003). 
                      Source: Water Services Association of Australia (2003) 
 
 

 
 
FIGURE 1.8: OECD per capita household water consumption.    
                      Source: OECD Water consumption and sustainable water resources management (1998) 

Across OECD countries, consumption ranges between 100L/p/d for Ireland and 350L/p/d for Canada, 

placing Australians as high per capita residential water consumers.  These data place the Queensland 

Water Commission regional target of 140L/p/d in some perspective and suggest significant potential for 

reducing domestic consumption - provided that a transformation of the consumption culture can be 
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effected.  The problem is that cultural transformation is, of course, notoriously difficult.  We need to 

understand how water is perceived and used by households. 

End uses in household water consumption 

Although information is unavailable on specific division of the end uses of water in South East Queensland 

households, FIGURE 1.9a shows the following distribution based on national data:  Outdoor water use 

(garden, pool, car) is the largest component at 50%.  Inside, usage is 19% in the bathroom, 12% in the 

toilet, 10% in the laundry and 9% in the kitchen.   

 
 
FIGURE 1.9a: End uses in household water consumption 
                      Source: AWA We all use water (2002: 116) 
 
 

 
FIGURE 1.9b: End uses in household water consumption 
                       Source: Coombes (2004: 2) 
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FIGURE 1.9b shows the following distribution based on Sydney data: outdoor water use (garden, pool, 

car) is the largest component at 30%.  Inside, usage is 28% in the bathroom, 17% in the toilet, 19% in the 

laundry and 5% in the kitchen, with 1% of mains water directly consumed.  With the water restrictions in 

place, the proportion of water directed outside the house in South East Queensland will have dropped 

substantially from the 2002 analysis of the AWA, and is likely to also be lower than Coombes’ (2004) 

analysis.   

A number of factors have contributed to drive down household use of mains water outside the home.  In 

addition to restrictions that primarily target outdoor watering using the mains supply, ABS data (4602.0, 

2004) show garden ownership declined to 83%, with 90% of households with gardens taking measures in 

the garden, primarily mulching (58%) to conserve water.  Other water conservation measures included 

23% of households relying on early morning/late evening watering, 18% using recycled water and 17% 

planting low water-use plants such as Australian natives.  Nevertheless, outdoor uses still take the largest 

portion of household consumption of mains water.   

The second largest area of demand within the current household consumption patterns is bathroom use.  

Water conservation measures are increasingly being adopted by households to meliorate demand in this 

area.  The ABS 4602.0 report shows that in 2004, 44% of households used reduced flow shower heads, 

up from 35% in 2001 and 18% report taking shorter showers. Nearly three quartes of households (74%) 

now have dual flush toilets, up from 64% in 2001.  Around 18% of households have neither of these 

devices installed, a drop from 25% in 2001.  In a meta-analysis of literature projections and practice 

(literature projecting water savings more optimistically) Stewart, Turner, Gardner and McMaster (2005) 

project that 100% penetration of water efficient devices would reduce internal water use by 32%.  These 

data are displayed in FIGURE 1.10. 

Elsewhere around the home, households are adopting greater behavioural conservation measures.  The 

most commonly cited measures are using full loads when washing dishes or clothes (18% each). Reusing 

or recycling water was reported by 16% of households, up from 11% in 2001, and 16% reported repairing  
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or turning off dripping taps.  54% of households took no behavioural water conservation measures.   

 
 
FIGURE 1.10: Potential modelled water savings for market penetration of water efficient appliances 
                        Source: Stewart, Turner, Gardner and McMaster (2005: 35) 
 

A comparison of FIGURE 1.6 (Water consumption by SEQ Local Government Area (Council) Divisions) 

with FIGURE 1.9 (a and b, End uses in household water consumption) shows that consumption of 

280kLPA in the average Queensland household equates to 16.8kLPA required for potable use with less 

than 1% of reticulated water (<2.8kLPA) directly consumed (AWA 2005: 6).  Conversely, this means that 

263kL of the annual demand of each household does not require treatment to the potable standard of 

mains water.   

Because of the cultural resistance inherent in a transformation of the culture of water consumption, house-

holds may develop alternative sources of water to meet their own demand preferences.  A mark of the 

willingness of households to seek alternative sources before reducing their own consumption is evidenced 

anecdotally.  Neville Kilpatrick, Chief Plumbing Inspector for the Ipswich City Council indicated that in the 

course of Queensland Government planning leading to the introduction of legalised household grey water 

systems in 2006, a Queensland Health spokesperson revealed to Councils that almost 65,000 residential 

grey water systems were already illegally jerry-rigged in place (personal communication, November, 2006).   
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Household Sources of Water 

There are two principal sources of water used by Australian households: reticulated mains supply and self-

extracted sources including bores and rainwater tanks. ABS data show that onsite reuse and bottled water 

contribute less than 0.1% of household water.  Across Australia, 93% of households were connected to 

mains or town water in 2004.  Of the total water used by households in 2004-5 (2,108,263ML), 89% was 

supplied by mains and 11% from a self-extracted source.  The actual volume of water used by households 

from rainwater tanks in Australia is poorly understood. For the purpose of the ABS Water Account, water 

use from rainwater tanks was estimated and included in the self-extracted component of water use.  In 

2000–01 households sourced a similar proportion of total water consumption from distributed water (90%). 

 

 

FIGURE 1.11: Household water consumption by water type (2004-5). 
                        Source: ABS Water Account Australia Cat No. 4610.0 (2005: 100) 
 

Of the total water used by Queensland households in 2004-5, 93% was supplied by mains and 7% from a 

self-extracted source.  The yield from self extracted sources was 4.4% in 2001.  96% of Queensland 

households, 99% of Brisbane households and 82% elsewhere in the state were connected to mains or 

town water in 2004.  Nationally, 17% of households sourced water from a rainwater tank, around the same 

for Queensland households, though only 5% of Brisbane households compared with 78% elsewhere in the 

state.  In contrast with the proportion of water drawn from various sources shown in FIGURE 1.11, 

FIGURE 1.12 shows the proportion of households using these sources.    
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FIGURE 1.12: Household sources of water (2004). 
                        Source: ABS Environmental issues Cat. No. 4602.0 (2005: 38) 
 
 

 
 
FIGURE 1.13: Main source of water for gardening (2004). 
                        Source: ABS Environmental issues Cat. No. 4602.0 (2005: 40) 
 
 

 
 
FIGURE 1.14: Main source of water for bathing, showering and washing (2004). 
                        Source: ABS Environmental issues Cat. No. 4602.0 (2005: 42) 
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FIGURE 1.15: Main source of water for drinking 
                        Source: ABS Environmental issues Cat. No. 4602.0 (2005: 44) 

FIGURE 1.13 shows that at 2004, mains water remained the source used by most (83%) Queensland 

households for gardening: 95% in Brisbane and 75% elsewhere, with fewer than 5% using rainwater as 

the main source for gardening.  In the same period, FIGURE 1.14 shows 92% of Queensland households 

use mains or town water as their main source for bathing, showering and washing: 98% in Brisbane and 

83% elsewhere, with just 6% of Queensland households use rainwater as their main source for bathing, 

showering and washing.  Finally, FIGURE 1.15 shows 80% of Queensland households use mains or town 

water as their primary source for drinking: 89% in Brisbane and 67% elsewhere.  Across Queensland 

around 14% of households used rainwater as their main source of drinking water. 

Collectively, these source and end use data show that there is considerable potential to offset household 

demand on reticulated mains water for non-potable household end uses.  The so called lower order end 

uses fall into two broad categories.  The higher standard of the lower order uses is for ‘bathing quality’ 

water, which represents extended physical contact, with inadvertent consumption of minor quantities as 

used in the bathroom or pool; and the lesser standard, water for laundry, car washing, garden and other 

outdoor uses.  While the variability of untreated rainwater quality can sometimes fail to meet the Australian 

Drinking Water Guidelines standards for water used in food preparation or for direct consumption, 

rainwater quality does satisfy the standards for the lower order end uses, which constitute around 99% of 

household demand. 

 



 51 of 457 

CHAPTER 2: RAINWATER HARVESTING 

 

Chapter Overview 

Rainwater harvesting (RH) is simply the collection of rainwater for later use.  Although the rainwater tank 

itself is the iconic technology of rain harvesting, it is but one of several components that comprise what is 

more accurately described as a RH system. 

This Chapter has two principal sections.  The first, titled ‘Rainwater Harvesting Systems’, comprises a 

discussion of the RH system in terms of its component processes and their associated technologies.  The 

second section, titled ‘Household Rainwater Harvesting’, considers the advantages and disadvantages 

broadly ascribed to rain harvesting at the household level.  The Chapter concludes with a discussion of 

how elements of these two sections are critical to the enquiry posed in this thesis: what is it about RH 

technologies that potentially catalyses and influences the household decision to adopt? 

RH systems follow the same four process stages of catchment, conveyance, storage and delivery.  Given 

the diversity of RH system component technologies and the diversity of end uses to which the harvested 

water may be applied, there is clearly not one ‘standard’ RH system.  Without a standard RH system, the 

perceived advantages and disadvantages of RH cannot be clinically standardised in comparison. Because 

of RH system variability, this research progresses by reducing RH systems to component technologies, so 

that the distributions of like systems can be compared, and the motivations for adoption of the particular 

systems, perceptions of advantage obtained, associated with them.  To enable these analyses, systemic 

influences which are broadly constant, and the idiosyncrasies of households which are not, both deserve 

attention. 

There is no one ‘standard’ household experience with rainwater harvesting.  Instead, analyses of issues in  
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the household RH adoption decision making process need to focus on the experience of individual 

households, and to draw conclusions from patterns replicated across the households’ experiences.   

Existing Australian Bureau of Statistics research (ABS Cat No. 4602.0) on inhibitors of RH system 

adoption is considered because it allows a form of triangulation, with which the views obtained in the 

present research from the Nonadopter sample may be compared.  However, this Chapter reveals 

significant limitations of the ABS study, including that it provides no information on what influenced 

Adopter households.  Existing understanding of the RH adoption decision-making process is inadequate, 

justifing the RH adoption decision-making focus of this thesis.  Existing ABS data are helpful in ad hoc 

identification of issues that inhibit adoption in the nonadopter cohort.  However, improved analyses of 

household RH system adoption decision-making is supported is by the overlay of theoretical frameworks, 

which are developed in the following Chapters.  These frameworks allow the comparison of inhibitors 

identified by the ABS with the constructs advanced by the theoretical perspectives used in this analysis. 
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Rainwater Harvesting Systems 

The Best Practice Manual for the Design and Installation of Roofwater Harvesting Systems in Urban Areas 

of Australia (2005) is a draft publication of the Cooperative Research Centre for Water Quality and 

Treatment.  This document provides a comprehensive account of the materials, methods and technical 

issues in the collection, storage, treatment and supply of rain water at the household level.  It is not the 

aim of this thesis to replicate the contents of this document.  However, a summary of the components 

processes and their associated technologies is relevant to understanding the issues presented in 

household adoption and maintenance of RH.  

Although rain harvesting systems may also collect precipitation at ground level, the overwhelming majority 

of rainwater tanks in household installations collect roof runoff (no Australian exceptions to this were 

identified throughout the duration of this thesis). This thesis, therefore, concerns household rainwater 

installations which harvest roof runoff.   

FIGURE 2.1 shows the four components of RH systems as they progress rainwater towards its end use: 

rainwater collection at the catchment area, conveyance to storage, storage, and finally, delivery to end 

use.  Each of these components may involve additional component technologies, typically filtration and/or 

treatment, in assuring the rainwater supplied is of a quality appropriate to the desired end use. 

 
     Collection    Conveyance             Storage  Delivery 

    (roof)     (gutters and downpipes)            (tank)  (pipework) 
 
 
        Filtration              Treatment              Filtration and  
                     Treatment 
 
FIGURE 2.1: Basic flowchart of rainwater harvesting system 
                      Source: Tripodi, Cartwright and Cox (2005: 11) 
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Catchment 

With the rooftop as the main catchment area, the amount and quality of rainwater collected depends on 

the area and type of roofing material.  The roof is the first point of contact with water, and the integrity of 

roof and guttering materials can affect the volume and quality of runoff.  The roofing materials commonly 

used in South East Queensland (and Australia) are sheetings which include colourbond, zincalume or 

galvanised steel and asbestolux; and roofing tiles, which are typically produced in terracotta, concrete, 

cement or slate.  Reasonably pure rainwater can be collected from roofs constructed with each of these 

materials.  Even roofing made from asbestos cement sheets can provide a suitable catchment, since the 

deleterious effects of asbestos derive from inhalation, not ingestion.  Roofs with metallic paint, lead 

flashing or other coatings, such as tar used to cure timber shingles are not recommended, and may impart 

tastes, colour or hazardous chemicals to collected water.   

Rainwater harvested in the South East Queensland area, with its mean annual rainfall of 1190 mm PA (cf 

FIGURE 1.3) yields around 1kL per annum per square metre of roof area, extrapolating simply to around 

150kL PA for a modest 150m2  home.  Relating this yield back to average household consumption, this 

represents roughly half of the annual consumption of an average SEQ household.  A more comprehensive 

estimate of yield, where the entire roofwater harvest is obtainable (i.e. all runoff and downpipes feed into 

the collection) is provided in the simple algorithm below: 

Estimated Roofwater Harvest (L) = (CL x R x A) – ΣFL - ΣOL, where: 
 
L 

 
= 

 
Litres, 

CL = Coefficient of roofwater harvesting system losses 
(0.8 - 0.95 is suggested by Gardner et al., 2001), 

R = Mean annual rainfall (mm), 
A = Area (m2) of roof area collecting water and 

connected to the rainwater tank, 
ΣFL = Sum of the first flush diverters’ extractions 

(frequency of rainfall events), 
ΣOL = Sum of overflow associated loss (oversupply to 

tank). 
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Conveyance 

Conveyance systems are required to transfer the rainwater collected on the rooftops to the storage tanks.  

The most universally adopted method is that roofwater runoff is conveyed in gutters which drain to the 

collection vessel through down-pipes constructed for this purpose.  Gutters are usually composed of 

colourbond, zincalume or aluminium.  Downpipes are typically composed of PVC, colourbond or 

zincalume.  All of these materials are quite suitable.   

When selecting a conveyance system, consideration should be given to the fact that, when it first starts to 

rain, depositions including dirt and debris from the rooftop and gutters will be washed into the down-pipe. 

There are several possible choices to address these sources of rainwater contamination.  First flush 

technologies separate the early runoff from roof catchments, with the aim of removing bird droppings and 

other contaminants from the rainwater supply.   

Coombes (2004) shows that first flush devices with capacities of up to 20 – 25 litres are successful at 

separating significant proportions of sediment and debris from rainwater, though larger volume first flush 

devices do not produce considerable additional improvement in rainwater quality. Indeed large first flush 

devices can significantly reduce the volume of rainwater that gets into a tank when rainfall occurs in 

frequent low volume events.  First flush devices are recommended, though their efficacy has been 

questioned again recently (Gardner, 2006), due to a recognition that contaminants are not wholly removed 

with early runoff, but disperse over a longer duration during rainfall periods.  Water quality in the first flush 

does not appear to be significantly different from later flow, particularly when in-line filtration is used in 

conveyance systems. 

Filters fitted to the gutters and down-pipes also minimize particulate contamination. There are a number of 

forms of this filtration to separate leaves and other debris.  Gutter guards, fitted over or in roof gutters, can 

provide protection against leaves and twigs entering the roof runoff.  Downpipe screens, filters and 

diverters all have a similar function in removing large debris from the runoff as it is directed to storage.  
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Gutter guards that entirely cover the gutters are typically constructed of a food grade polyethylene mesh or 

colourbond steel.  While preventing ingress to the conveyance system, they may require maintenance due 

to the inability of the relatively minor force of roof runoff failing to remove debris at the shallow angle at 

which they are installed to gutters.  An alternative technology, ‘leaf diverters’ – essentially a mesh-topped 

funnel positioned in the downpipes – use the force of the falling rainwater to removes leaves and other 

debris while preserving yield.  While both technologies are effective and suitable, leaf diverters have the 

dual advantage of being self-cleaning and less expensive than a solution shielding debris at the gutter.   

Storage 

Storage capacity allows rainwater to be accumulated and so used as required.  Greater storage capacity 

maximises the effectively available yield deriving from seasonal rainfall differences in the region, such as 

heavy rainfall events, by allowing a greater buffer before storage overflow and loss of harvested water.  

Over time, as the storage tank fills, the effective capacity is moderated by demand on the tank storage.  It 

is unlikely that domestic household installations provide storage at an absolute maximum of efficiency.  

Exact yields of rainwater tanks can only be estimated using daily rainfall/water usage models. However, 

FIGURE 2.2 shows modelling using localised regional rainfall at Pimpama (Gold Coast City Council) and 

assuming tank usage of 172 kL/PA indicates that even a 10kL tank could yield over 100 kL/PA. 

 
 
FIGURE 2.2: Estimated yield modelling of tank size and catchment area. 
                      Source: Gardner (2006)  
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Commercially available rainwater storage facilities vary enormously in size, materials and shape.  Tanks 

range from a few hundred litres to 100kL and larger, may be situated either above or below the ground 

and are manufactured in a variety of materials, including concrete, fibreglass, polyethylene and stainless 

steel.  All of these materials are quite suitable for water storage, though usually only concrete tanks are 

situated below ground.  Recent innovation in the growing marketplace for alternative storage forms has 

introduced a wide range of styles and shapes to accommodate smaller lot sizes and to minimise the space 

occupied by catchment storage, including under-floor storage bags and ‘slimline’ structures, themselves a 

current design aesthetic. 

The growing market for RH also offers a range of optional in-tank components, not all of which are 

necessary in installation, but which typically contribute to better management of quality, risk, operation and 

maintenance.  For example, an inlet to the tank may use components that convey water directly into the 

tank with baffles or calming devices to minimise turbulence (and turbidity); dispensers that can treat water 

(chlorination) or balance water chemistry (calcium carbonate to increase pH); and floating draw-off hoses 

and fines filters that draw water from the oxygenated surface, rather than the base of the tank.  The 

addition of these technologies is based on desired end use of the rainwater, available budget and other 

factors including actual awareness. 

There are also a range of top-up systems which allow the tank to be supplemented from mains supply in 

times of low rainfall.  To fill a tank once a minimum level is exceeded, these may use automatic actions 

like solenoid switches in a rainwater tank connection valve, or manual action like a ballcock.  These 

systems are generally referred to as ‘trickle top-up’ and operate from household to housing division in 

application size. 

A new generation of pumps has emerged in the last few years (products like Davey Rainsaver, Rain 

Reviva) that allow alternate switching between the tank and the mains supply when the tank level is low.  

In some parts of the South East Queensland region, and elsewhere across Australia, these systems are 

mandated on new developments.   
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There is some anecdotal evidence that a small number of households also use manual methods, such as 

filling the tank from the reticulated mains supply using the garden hose (in order to appear to be exempted 

from watering restrictions by using ‘water from the tank’).  That these community ‘tales’ emerge, decrying 

activities that are not ‘fair dinkum’, shows that water is ascendant in the household consciousness. 

An important aspect of Council regulation of tank connections is to ensure that rainwater does not enter 

the drinking water distribution system. Australian Standard AS/NZ 3500.1.2-2003: National Plumbing and 

Drainage - Water Supply – Acceptable Solutions provides guidance on the design of rainwater systems. 

The standard categorises cross connection between mains water supply and a domestic roof water tank 

as a low hazard connection. This requires a non-testable backflow prevention device (such as a dual 

check valve).  Therefore systems connected to mains supply require backflow prevention devices.  Again, 

these can be as simple as an air gap, or technology like dual check valve or the fully automated rainwater 

tank connection valve, depending on site particulars and local regulations.   

Maintenance is generally limited to cleaning, typically the removal of dirt, leaves and other accumulated 

materials.  Ideally, storage tanks should be cleaned annually, before the start of the major rainfall season.   

Treatment 

The most common type of water treatment is filtration, though some form of sterilisation is growing in 

popularity also.  Treatment generally takes place in the tank, or immediately on egress in the final stage of 

delivery.  The quality of water harvested from roof catchments is somewhat dependent on effective 

maintenance, but usually is acceptable for domestic purposes.  End uses of rainwater fall into two major 

categories of potable and non-potable use, with potable uses requiring greater quality.  There is continued 

debate over the consumption of rainwater and it is, in the end, determined by the consumption choices of 

individual households.  Many households claim to prefer the taste of rainwater to the mains supply, and 

more than 10% of Australians rely on rainwater tanks as their main source of drinking water (ABS 4602.0, 

2005: 29).  However, untreated rainwater often fails to fulfil all of the Australian Drinking Water Guidelines 
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(e.g. Coombes, Kuczera, Kalma and Dunstan: 2003; NH&MRC: 2004).  The CRCWQT Draft Best Practice 

Manual for the Design and Installation of Roofwater Harvesting Systems in Urban Areas of Australia 

contends that “water filters should not be essential to provide soft, clear potable water of good chemical 

quality” (Tripodi, Cartwright and Cox, 2005: 32).   However, some form of filtration is regarded as good 

practice for internal household use.  If rainwater is used to supply household appliances, suspended 

particles of dirt may cause damage to the machine.  Filters should be adequately maintained when 

installed.  There are two main types of water treatment appropriate to household rainwater systems: 

• Coarse and fine physical filters which facilitate removal of particulates.  These most commonly 
include disk, ceramic and polypropylene filters; and 

• Activated carbon filters suitable for absorbing organic compounds that alter taste, odour, sediment, 
hydrogen sulphide and chlorine 

 

Filtration alone is usually not sufficient to raise the quality of harvested rainwater to the ADWG (2004) 

standards.  Further treatment through disinfection may take a number of forms, from the addition of 

chlorine to the rainwater supply, sustained heat treatments, and ultraviolet and ozone filters.  These 

treatments sterilise the water and eliminate microbial contaminants such as Cryptosporidium, Legionella 

and Giardia that can cause illness.  Coombes’ (2004) found that rainwater used in hot water systems is 

compliant with the Australian Drinking Water Guidelines, provided that temperature settings greater than 

50°C are maintained: 

  “Laboratory experiments also established that bacteria and pathogens are rapidly 
eliminated from water heated to 60°C. This result is consistent with the requirements of 
Australian Standard AS3500.2.4 that domestic hot water systems should be set at 60°C to 
eliminate bacteria from mains water systems, and that hot water should be delivered to the 
house at a non-scalding temperature of 50°C.”  (Coombes, 2004: 7). 

In addition to these introduced treatments, several studies conclude the presence of an ‘inadvertent 

treatment train’, for example Wirojanagud and others (1989) concluded that rainwater quality often 

improves as bacteria and pathogens gradually die off.  Evidence that the quality of stored rainwater 

improves under two certain circumstances without these treatment methods.  First, the quality of stored 
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rainwater improves in subsequent tanks when these tanks are connected serially, that is with a primary 

tank overflowing to a second tank and so on (Tripodi et al., 2005).  Second, biofilms that develop on the 

internal walls of tanks, and even the sludge collecting at the bottom of the tank have been shown to 

improve water quality, removing heavy metals (Evans, 2007).  The processes underlying these inadvertent 

treatment effects are not well understood at this stage, but are certainly worthy of further research.   

Delivery 

Delivery concerns the conveyance of rainwater from storage to end use.  Pumps providing water pressure 

for conveyance may be situated in-tank, but are more frequently inline on the delivery system after the 

tank outlet.  In South East Queensland, the household delivery system (water service) is typically built in 

copper pipe.  Rainwater is slightly more acidic than the mains supply (pH 5.5 – 7.0, marginally lower than 

the ADWG (2004) range of 6.5 – 8.5).  Since copper is a reactive metal, delivery of rainwater does present 

mild corrosion issues for established plumbing when rainwater tanks are retrofitted to service fixtures in 

existing homes without the additional expense of replacing the water service with a non reactive pipe (e.g. 

PE-x).  Newly available PE-x polyethylene piping is suitable for both mains and rainwater supply and 

increasingly used in new developments.  Partial solutions to replacing the copper water service are 

available for some internal fittings, such as toilet cisterns, which commonly have two available inlets, so 

that the second inlet may be fitted with alternative polyethylene piping. 

However, many SEQROC Councils do not allow rainwater to be plumbed to internal fittings for potable 

use, but instead provide that rainwater may be used for internal non-potable supply needs, including hot 

water services, bathing, laundry or toilet flushing.  It should be noted that this multiple connectivity is 

integral in increasing the efficiency of rainwater tanks as a demand management measure, since these 

multiple use scenarios accelerate the rate at which the tank is drained (and so available to be filled again). 

More commonly, given the additional expense of integrating the rainwater supply to household plumbing, 

rainwater serves outdoor uses, including gardening, pools, car washing and so on.   
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Household rainwater harvesting 

The history of domestic RH has been traced back through a host of cultures, with early reports around 

2000BC (Redi, 1982; Gerston, 1997).  Collection of rainwater from roof runoff dates back more than 3000 

years (EnHealth 2004: 1) and it is entirely possible that it predates these historical accounts.   

The ABS report 4602.0 (2005) provides a comprehensive recent survey of Australian households’ use of 

rainwater.  There are over 1 million rainwater tanks in Australia, 16% of Australian households used 

rainwater tanks and over 11% of Australians use rainwater as their primary drinking source.  Figure 2.3 

shows the proportion of houses, by State, with existing RH systems. 

 
FIGURE 2.3: Proportion of Australian RH system households by state (2001-4). 
                      Source: ABS Environmental issues Cat. No. 4602.0 (2005: 50) 

In Queensland, 18% of households have rainwater tanks, though at 2005, this was assessed at only 5% of 

Brisbane households, 8% across the South East Queensland region, and compared with 29% in the rest 

of the state.  14% of Queensland households rely on rainwater tanks as their main source of drinking 

water and this increases to nearly 24% outside Brisbane.  The ABS 4610.0 (2004: 101) reports that the 

actual volume of water used by households from rainwater tanks in Australia is poorly understood. For the 

purpose of the 4610.0 Water Account report, water use from rainwater tanks was estimated and is 

included (though undifferentiated) in the self-extracted component of water use.  While rainwater is 

typically used as a supplement to mains supply, the ABS (2005) survey found 83% of households with 

rainwater tanks considered the supply sufficient for their needs.  FIGURE 2.4 shows reported household  
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satisfaction with yields from rainwater tanks.   

 
 
FIGURE 2.4: Sufficiency of supply from household rainwater tanks (2004). 
                      Source: ABS Environmental issues Cat. No. 4602.0 (2005: 50) 

Only two or three generations ago, household tanks became less important to providing the household 

supply as reticulated mains water became the norm.  With the current proliferation of new RH installations 

in South East Queensland, it is recalled with some irony throughout the local community that many 

regional Councils banned tanks through the 1960s.  Barry Dennien from Brisbane Water says health was 

one reason:  "I think it was that issue and the water supply came through and it was convenient and I 

never had to worry about shower length again and washing clothes so it became a bit out of fashion," he 

said (Courtney and McCutcheon, 2004).  In conversation with the researcher, several members of the 

community have more cynically suggested that health concerns were less significant than the prospect of 

revenue deriving from the new water infrastructure.  However, it seems probable that Dennien’s attribution 

to convenience was a significant factor in the decline of household RH from this time, just as it appears 

that household convenience (in terms of their access to water) now is significant in facilitating adoption.   

So, if RH appears to be one of the most promising means for households to supplement water drawn from 

the mains supply, what are the advantages and disadvantages of adoption?   
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Advantages of rainwater harvesting 

In addition to reducing demand on mains supply, adoption of RH is an attractive form of supplementing 

household supply for several reasons.  Household rainwater tanks can (a) assure an alternative and 

independent household supply during mains water restrictions, which is (b) though somewhat dependent 

on end use and maintenance, usually of acceptable quality for domestic purposes, and which is (c) 

renewable and therefore sustainable at acceptable volumes through natural precipitation, despite forecast 

climate change (Jones, 2005).  RH systems produce beneficial externalities, (d) reducing peak stormwater 

run off and associated processing costs (Pezzanti, 2003).  Finally, RH technologies are (e) simple to install 

and operate, (f) running costs are almost negligible, and (g) it is convenient and economical in the sense 

that it provides water at the point of consumption.   

Households that supplement the mains supply with harvested rainwater can make a significant 

contribution to reducing demand on the mains supply: it is estimated that even a 3000L tank connected for 

toilet flushing, hot water system and outdoor use could cut household use of water by 30% - 40% 

(Gardner, 2006).  In sum, RH offers significant opportunities and benefits, and RH is certainly riding a 

wave of public support as evidenced by growing incidence of household adoption.  However, challenges 

present against wider adoption.   

Disadvantages of rainwater harvesting 

One disadvantage specific to RH as an alternative water source for households is the uncertainty and 

seasonal variability of rainfall.  Seasonal variation in rainfall pattern means that year-round renewal is 

unlikely with constant heavy use, though seasonal coincidence of ‘hot’ and ‘wet’ means the likelihood of 

increased summer usage.  For rainwater tanks to be most effective, frequent use allows the maximum 

capacity of replenishment during rainfall. Maximising the supplementary capacity provided by a RH system 

is dependent on the volume of storage available, and the rate at which it is drawn down for use. Though 
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the volume of rainfall collected in household catchments usually will not wholly replace the current 

household volume of demand on the mains supply, rainwater is as a useful supplement.   

At a broader level, the Moreton Bay Waterways and Catchment Partnership report, ‘Water Sensitive Urban 

Design: Barriers to Adoption in South East Queensland Communities’ (2002), identified general barriers to 

water sensitive urban design as (a) policy, regulations and approvals (including legislation, administration 

and enforcement), (b) finance and costs; (c) awareness and training (including access to information); (d) 

social demand and consumer affordability; (e) technology and design (including expertise and 

performance monitoring); (f) lack of incentives; (g) risk management and assessment (including public 

health); (h) political or senior management support and (i) peer cooperation (such as sharing ideas and 

information).  Each of these has implications for understanding household adoption of RH systems.   

Additionally, the ABS 4602.0 presents a range of decision factors that inhibit adoption of RH systems from 

the perspective of households considering adoption.  More understanding is needed as to how these 

inhibitors affect household decision making, and this is a primary focus of this thesis.   

Just over one third of households without rainwater tanks (34%) had considered tank installation in 2005, 

up from 25% in 2001, reflecting a growing community awareness of water issues.  What this statistic also 

reveals is that two thirds of households had ‘not considered’ installation.  It is unclear from the ABS 

reporting whether a presumption of issues such as cost, space and time had precluded a ‘consideration’ 

by the household, or whether this statistic is composed entirely of a lack of interest in installation by the 

household.  Given the consistency of data in the inhibitors reported below, closer exploration of the 

possibility of such a presumption possibility is a focus of the present study. 

Of those households in South East Queensland that had considered installing a tank, cost (42%), lack of 

time (25%), lack of space (15%) were cited as the greatest inhibitors.  These are not significantly different 

from the national data, and appear reasonably stable over time (FIGURE 2.5).   
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FIGURE 2.5: Reasons for not installing a rainwater tank (1994-2004). 
                      Source: ABS Environmental issues Cat. No. 4602.0 (2005: 52) 
 

4% of Queensland households reported they were not allowed to install a tank in their area (which could 

be due to existing prohibitions on dual occupancy or unit dwellings) down from 8% in 2001, and just over 

2% of Queensland households cited health issues. It is also of interest that a further 15% of households 

cited (collectively unspecified) other reasons for not installing a rainwater tank.  More understanding is 

needed as to how these inhibitors influence household decision making, and this is a primary focus of this 

thesis.   

Economic Inhibitors 

Cost is the single largest inhibitor reported by those households considering installing rainwater systems.  

Without further analysis, it might reasonably be expected that a large component of this cost inhibitor 

comprises a household reaction to ‘upfront costs’.  Since the costs of implementing RH technologies are 

borne by the household, the household incentive to install RH technologies must exceed or otherwise 

negate the financial costs, though the incentive may not be wholly (or even partially) financial.  Costs of 

RH installation can be significant to the household, depending on several aspects of the specific 

installation and application decisions.   
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A recent Sydney Morning Herald blog (6 November, 2007) reports:  

As it stands today for most there is no financial logic in installing any of this technology - I even have 
friend who works with this technology (for a supplier of the products) and he concedes that it is all 
about the "feel good" at the moment and therefore is restricted to those with the means to pay for the 
technology...He tells me the enquiry numbers are huge but the conversion rate to sales is pitiful due 
to the cost.  
http://blogs.smh.com.au/lifestyle/potteringby/archives/2007/11/give_tanks_for_tax_cuts.html 

Due to the size of installation rebates offered in the South East Queensland region, it is possible to 

purchase and have a raintank retrofitted without the household incurring any cost.  It is undeniable that the 

boom in residential adoption of RH systems coincided with the availability of these rebates, so that the 

mitigation of costs incurred by the household does seem to be a factor influencing the household adoption 

decision.  

In many cases, the shape or layout of the block, slope of the land or roof construction can compound 

difficulty and expense, so that rainwater tanks cannot be economically fitted to all existing properties.  

Nevertheless, the Marsden Jacob report (2007: 22) identifies approximately 78% of South East 

Queensland homes are suitable for RH installation.  

Some households may further consider the cost effectiveness of rainwater tanks.  This may be determined 

by a localised levelised cost - comparing the cost of installing and operating a rainwater tank against 

savings from household water bills. It is reasonable to suggest that the perspective of households does not 

necessarily recognise the broader cost savings to the community such as deferred water infrastructure, 

savings to stormwater infrastructure, and environmental externalities such as environmental flows.  

However, considering financial issues only does not recognise a range of non-monetary incentives, such 

as freedom from water restrictions.  

Although the proportion of households citing cost as the primary inhibitor has dropped around 8% from 

1994, 42% of Queensland households still cite it as the main issue.  Household establishment costs for 

the provision of rainwater make it more expensive than mains water, particularly when water is already 

http://blogs.smh.com.au/lifestyle/potteringby/archives/2007/11/give_tanks_for_tax_cuts.html�
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available from the mains supply at around $1/kL, even over the lifetime of the RH system.  It is therefore of 

particular interest to understand how those households that reject, or are considering, or that presently 

use rainwater as part of their household supply system perceive cost as a variable in their decision-

making.  In rational terms, overcoming the economic argument is not as difficult as it may sound.  What is 

required is a ‘weighted’ decision in which one or more factors are perhaps cumulatively regarded by the 

household as more important than economic cost.  It is the understanding of how RH and use 

technologies are valued, constructed or perceived at the household level that is not well understood.   

From the broader perspective of the water industry, levelised cost is a useful tool for comparing the cost of 

options with very different annual yields, such as small scale decentralised water tanks versus large scale 

desalination.  Levelised cost estimates the cost per kilolitre of water supplies, dividing the annualised 

capital and operating costs by expected annual yield.  Unfortunately the ABS 4610.0 estimate for RH 

system yields is only available aggregated with all other ‘water from a self-extracted source’.  Marsden 

Jacob (2007) plots the unit cost of a 5kL tank plumbed into a SEQ house at $2.15/kL (for a 200m2 roof).  

At this pricing, the cost of rainwater tanks is comparable to, or lower than, the cost of many water source 

options being examined around the country and prima facie, competitive against desalination and the 

proposed additional South East Queensland dams.  Moreover,  if the stormwater infrastructure savings 

indicated in research by Coombes and Kuczera (2003) are achievable in other areas (typically only 

achievable in a greenfield environment, i.e. prior to the construction of the water and stormwater 

infrastructure), then the levelised cost of rainwater tanks could potentially be offset by stormwater savings 

in the order of $0.30/kL to $1.00/kL. 

This explains something of the willingness of State and Local governments to mandate RH installations in 

new developments and to provide rebates to facilitate adoption.  It is much more efficient and cost 

effective to fit rainwater tanks to new buildings. RH can be incorporated into the design, along with other 

water saving measures, and the Queensland Building Code makes RH installations mandatory.   
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Time Inhibitors 

The ABS 4602.0 does not detail how time is presented by households as an inhibitor to adoption.  It is 

therefore unclear whether households are reporting a general lack of time in busy lives, or a specific lack 

of time in relation to the shopping around related to considered selection of a RH system, or the time that 

might conceivably be involved using or maintaining the RH system or even the delay between buying a 

tank and having it installed, given the blowout on demand (though this last factor is unlikely at the time this 

research was conducted).  The process of selecting a RH system is reasonably complex, as potential 

purchasers who wish to make an informed purchase consider factors such as choice of suppliers, tank 

size, additions such as pumps and filters, physical and governance installation requirements, rebate 

conditions, variations with different end usage, aesthetics and so on.  In addition, conflicting information 

from different sources must be rationalised.  The processes of investigation and decision making in which 

households engage are not reported in the research literature and are, therefore, a primary focus of this 

thesis research.  Of particular interest in understanding how time figures as a significant inhibitor are the 

types of problems households encountered, the information sources used and rejected and the factors 

present in decision making. 

Space Inhibitors 

It was previously established that the larger the rain water tank that is installed, the more beneficial it will 

be, because of its increased storage capacity.  Yet the larger the tank, the more space it occupies on the 

household lot, reducing space for other functions and activities.   

Whereas cost, time and the lesser factors have fallen in the last ten years as an inhibitor of household RH 

installations, the issue of space has become more significant.  The ABS reporting an increase in space as 

the primary inhibitor of household installations rising from 10% in 1994 to 17% of households citing it as a 

primary inhibitor in 2004.  The ABS cites as contributors to this effect, the shrinking size of the average lot 

(see FIGURE 2.6), a desire for larger homes (see FIGURE 2.7), and the increasing number of households  
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against the dwindling supply of land.   

 

  
 
FIGURE 2.6: Mean lot size in Australian capital cities (1994-2004). 
                      Source: ABS Are we building on smaller blocks? Cat No. 8731.0 (2004) 
 
 

 
 
FIGURE 2.7: Mean residential dwelling size in Australian capital cities (1994-2004). 
                      Source: ABS Are we building on smaller blocks? Cat No. 8731.0 (2004) 

The growth in reporting space as an inhibitor is contextualised in a market of increased product choice and 

innovative solutions and so emphasises the underlying trends of increasing dwelling and decreasing lot 

size.  RH system manufacturers have adapted to this issue by producing tanks in a range of forms, so that 

they can be accommodated under decks, in slimline form and so on, though many ‘alternate form’ tanks 

have a premium price.   

FIGURE 2.8 shows the mean lot size for new houses in Brisbane Statistical Division increased over the 

last decade from 923m2 in 1993-94 to 964m2 in 2003-04, in contrast with the national average for  



70 of 457 

Australian capital cities (declining from 803 m2 to 735m2).  

 
 
FIGURE 2.8: Mean lot size in Brisbane (1994-2004). 
                      Source: ABS Are we building on smaller blocks? Cat No. 8731.0 (2004) 

Since these data, however, the trend for larger lots has reversed: the average of 7 to 8 dwellings per 

hectare in existing Greenfield developments may be compared with the Draft South East Queensland 

Regional Plan indication of an increase in density to 15 housing lots per hectare for efficient use of land 

(OUM, 2004).  The concern for yard space available to site rainwater tanks looks set to continue. 

Health Issues with Rainwater 

The increasing use of rainwater tanks has led to increased interest in the quality of the water that they 

supply. The occurrence of microbial pollutants and chemical depositions in urban rainwater tanks has 

been considered in many studies because it poses a potential health hazard.  

Generally, RH is an accepted freshwater augmentation technology.  Although the microbial quality is not 

as high as mains water, the general pubic perception is that rainwater is safe to drink.  While the 

bacteriological quality of rainwater collected from ground catchments is poor, that from properly 

maintained rooftop catchment systems can provide good quality water, generally suitable for drinking, and 

that frequently meets WHO drinking water standards, although it rarely fully complies with the Australian 

Drinking Water Guidelines because of the presence of fecal coliforms, total coliforms and a low pH (e.g. 

Coombes, Kuczera, Kalma and Dunstan: 2003).     
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There are no published epidemiological studies or data that confirm risk from consumption of rainwater in 

Australia.  However, around three million Australians currently use rainwater from tanks for drinking with 

no reported epidemics, nor adverse health effects (Coombes and Kuczera, 2001).  Accounts of serious 

illness linked to rainwater supplies are few, suggesting that RH technologies are effective sources of water 

supply for many household purposes. 

“In most areas of Australia, the risk of illness arising from consumption is low, providing it is visually clear, 

has little taste or smell and, importantly, the storage and collection of rainwater is via a well maintained 

tank and roof catchment system.” (enHealth 2004: 2).   

In comparison, the occurrence of heavy metals in the urban tanks has been of lesser interest perhaps 

because they do not have an immediate health effect. However, the few studies that have been 

undertaken (Coombes et al., 2002; Simmons et al., 2001; Thomas and Greene, 1993) have all found 

some heavy metals at the outlet tap at concentrations higher than acceptable levels.  

Identifying the source of metals in the roof runoff and rainwater tanks has been the focus of other studies.  

Based on a literature review, Sinclair, Leder and Chapman (2005) concluded that the level of metal 

contamination in rainwater tanks is unlikely to exceed the Australian Drinking Water Guidelines (ADWG) 

values, except when there is a major source of industrial pollution located nearby. However, Jayaratne 

(2006: 372) identified that high lead levels in the first flush, indicative of lead leaching from flashing, 

typically exceeded the ADWG (2004) standards by a factor of five to ten.  Magyar, Mitchell, Ladson and 

Diaper (2008) revealed that lead flashing significantly contributed to the lead content in tank water at up to 

fifty times the ADWG (2004) standards, as well as concentrations of aluminium, cadmium, iron and zinc at 

levels exceeding acceptable health and aesthetic levels. 

Consumption of contaminated water could pose a health and/or an environmental risk, particularly 

regarding the high concentrations of lead associated with older style roof flashing. These risks need to be 

addressed if rainwater tanks are to provide an alternative water source for cities in Australia.   
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Only two percent of Queensland households identify health issues as an inhibitor to RH adoption (ABS 

4602.0, 2005).  Some Queensland households specifically value rain harvesting as a source of 

unadulterated (particularly chlorine-free) water (enHealth 2004: 2), with a high aesthetic value – “tea tastes 

better”.  It is notable that in contrast with alternative sources of water, rainwater is used by more 

households for potable than nonpotable purposes.  Moreover, some households believe that rainwater is 

safer than mains water which has a recycled water component.  However, the health risk of household RH 

is viewed with greater concern by Government.  The official Queensland Government position is:  

“Queensland Health endorses the use of water stored in rainwater tanks to meet water 
demand. This is providing that the rainwater tank and rainwater collection and distribution 
system are appropriately designed, installed and maintained and the quality of the water is 
appropriate for the intended use. All rainwater tanks, regardless of their intended use, shall 
be designed, installed and maintained to prevent mosquito breeding.”                                                                      
(Queensland Health, 2007).   

This statement precedes a two page summary, outlining the extensive responsibilities that Queensland 

Health identifies to lie with other parties, including other Government agencies, Councils, manufacturers, 

households and so on, as well as specifying a series of standards and codes with which RH systems 

should comply. 

The recent increasing burgeoning of RH installations follows a period that remains in the psyche of South 

East Queensland households in which tanks were banned by Councils, ostensibly due to the risks 

associated with vector-borne diseases like Ross River Fever spreading through mosquito breeding in ill-

managed tanks.  This is the primary impetus for governance concerns with health-related issues 

concerning rainwater tanks.  Since Councils’ responsibilities have traditionally ended ‘at the meter’, there 

is a concern over possible health issues that may arise where RH system maintenance is inadequate.   

Many environmental problems involve high levels of human anxiety, often associated with risk to our 

health, and this appears to increase with the expansion of our knowledge, so that the professional 

knowledge of public servants, for example in Queensland Health, frames perceptions of risk in qualitatively  
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and quantitatively different ways to the public.   

It is likely that some household RH installations may escape any form of Council scrutiny.  As resourceful 

households sought their own means of ‘keeping the garden green’, there was a (then) illegal proliferation 

of 65,000 household grey water systems in the region.  Though the Queensland Government introduced 

rebates in 2006 for commercial grey water recycling systems, there is a risk that poorly treated grey water 

will be used to irrigate food plants (back yard vegetables, herbs, fruit etc).  The comparative risk of 

irrigating food plants with rainwater is negligible, though other risks and hazard may still apply. 

It is one aim of this research to investigate the actual maintenance activities that households undertake.  

The values and behaviours of South East Queensland communities regarding the maintenance of RH 

systems are not well understood because they have been absent from research to date.  These aspects 

are important in assuring the potential for rainwater to alleviate demands on supply is informed, framed 

and supported by good policy in promoting effective maintenance in the community. 

Potential health risks are invoked when precautionary care and maintenance are inadequate.  The good 

news is that health and aesthetic hazards for rainwater collected in tanks can be minimized by sensible 

management procedures (enHealth 2004: 7). Precautions when using storage tanks include provision of 

an adequate enclosure to minimise contamination from human, animal or other environmental 

contaminants, and a tight cover to prevent algal growth and the breeding of mosquitoes. Open containers 

are not recommended for collecting water for drinking purposes. In order to safely fill a rainwater storage 

tank, it is necessary to make sure that excess water can overflow. Tank installations therefore require 

overflow outlets, fitted with flaps or screens to prevent ingress of animals, and an access vent for cleaning.  

Placing taps at least 10 cm above the base of the rainwater storage tanks, or using floating draw-off 

mechanisms, allows any debris entering the tank to settle on the bottom, where it will not affect the quality 

of the stored water, provided it remains undisturbed.  While most domestic installations use a single tank, 

serial tank installations offer the advantage that the microbiological quality of stored water improves 

successively across the serialised tanks (Tripodi, Cartwright and Cox, 2005). 
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Regulation and governance 

As mentioned previously, through new energy and water-saving laws introduced from 1 March 2006, 

Councils have the option to amend their planning instruments to mandate rainwater tanks for new houses 

in their region under the Queensland Development Code. Councils will have the discretion to allow for 

local factors, such as rainfall and the demand for water in their area, but must justify the need for the 

tanks, taking into account the costs and benefits to the community (Queensland Government, 2006).   

One of the significant barriers from the perspective of government agencies is that retrofitted household 

adoption of RH systems requires more of a ‘bottom up’ approach than the ‘top down’ approach typically 

employed in other water resource development projects.  Installation is voluntary, and is therefore difficult 

to progress with the same certainty as massively engineered infrastructures.  This may make RH less 

attractive to government agencies tasked with providing water supplies, due to management of risk.   

Additionally, while the risk is probably overstated, there are concerns about contamination of the mains 

supply with domestic RH installations.  Traditionally the responsibility of water authorities ended at the 

allotment boundary, but with connected rainwater tanks, the governance issues become more complex.   

Regulation and governance of RH is necessary not only for assuring protection of the mains water supply 

against cross connection, but also for the risk management of the aforementioned health-related issues 

arising from fecal contamination, vector borne disease and so on.  However, the technologies currently 

available (backflow prevention, mandatory screening of outlets etc.) effectively meliorate these risks.  It is 

a concern that this risk aversion aspect of governance could become a blind bureaucracy.  In the case of 

my own RH installation Council required no fewer than three backflow prevention devices in-line between 

the tank and the meter.  

More effective mobilization of local government and NGO resources can serve the same basic role in the 

advancing the development of rainwater-based schemes as an effective supplementation to the government 

water resources development agencies in larger, more traditional public water supply schemes.  
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CHAPTER 3: ECOLOGICAL MODERNISATION 

 

Chapter Overview 

Ecological modernisation (EM) is concerned with pro-environmental innovation.  At its heart is the idea 

that pro-environmental innovations mutually benefit the environment, society, and its economy. 

Consequently, the systemic perspective that EM offers emphasises the impacts and influences of 

connections among the environment, our society, economy and technology.  The multiple benefits of RH 

satisfy its defining criteria for pro-environmental innovation – conserving water supplies, yet augmenting 

water available to Adopters; suspending the need for high-impact, massively engineered infrastructure 

solutions, yet developing its own industry as a cost-competitive alternative; and providing households with 

greater independence, satisfaction, and other lifestyle rewards.  EM therefore provides a useful framework 

for studying the systemic context of household adoptions of RH.  

Emerging in the mid 1980s, EM was catalytic to the merging disciplines of environmental science, 

economics and social science.  But EM has also benefited from criticisms that demanded attention to its 

development and, undergoing considerable transformation in this time, is attractive for a number of 

reasons.  It has evolved as a manifestation of the broader transformation from classical economics 

through to what is now recognised as the ‘triple bottom line’.   

Often, theoretical distinctions may not exist in the mind of the public.  But EM has a broad and ascendant, 

even populist appeal for its integrated incremental perspective on pro-environmental activity, sympathetic 

with economic productivity, and for its politically aware ‘commonsense’ approach that does not rest on the 

literal moralising of the theories of environmental sociology it supersedes.   The historical development of 

the principled ‘stages’ of EM serves as a useful introduction to its appeal in the present thesis.   
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Spaargaren and van Vliet (2000) identified three stages in the development of EM.  These are: 

(a) The direct effect of pro-environmental technological innovation (Huber, 1985) which decoupled 

environmental reform from economic development, and so expanded the economic ‘limits to growth’ of 

resource constraints (cf Meadows, Meadows, Randers and Behrens, 1974);  

(b) The indirect macroeconomic and social impacts of contextualising pro-environmental innovation within 

public sector governance and policy reform (Janicke, 1988), which neutralised prevailing moralistic 

theories of environment and sociology that required a social revolution for environmental reform (cf Catton 

and Dunlap, 1978); and,  

(c) Complementing direct and indirect supply-side environmental innovation and reform by recognising 

also, the role of consumption and demand in the wider social community.  This effectively ‘closes the loop’ 

on an integrated systems perspective of economic/social/environmental interaction as a transforming 

system of supply and demand (Spaargaren and van Vliet, 2000; cf Cowan, 1983).   

The first major section of this Chapter, The Ascendancy of Ecological Modernisation, presents a historical 

and theoretical context of the conceptual development of EM in terms of the systemic interactions it 

promulgates.  This account is made in three subsections, titled respectively (a) Economics and the 

Environment, (b) Economics and Society and (c) Society and the Environment.   

It is significant that EM was developed through thoughtful refinement of an idea. Yet the compelling fluidity 

of its argument requires a caution against uncritical acceptance, since loose operationalisations of integral 

aspects of EM have not been subjected to the rigor of data-driven validation.  EM sometimes strains at 

different levels of analysis.  In the second major section, Sustainable Consumption, criticisms of the EM 

perspective are mounted in a context of consumption and lifestyle. The Chapter closes by proposing a 

solution to these criticisms and by operationalising the opportunities presented by EM for understanding 

the systemic context in which household RH is located. 
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The Ascendancy of Ecological Modernisation 

Economics and the environment 

The discipline of Economics was a gilded beneficiary of the enormous scientific and industrial economic 

development of the nineteenth century.  In the process, it made significant assumptions about the 

environment, most significantly that natural resources such as water, soil and clean air were ‘free goods’, 

available freely in their abundance, and without a charge.  The consequent economic fervour of the age 

for ‘creating something out of nothing’ is palpable and exuberant.  

The acceptance of a trade-off between environment and economy woke sluggishly and reluctantly 

because the industrialised economy is so deeply embedded.  It is the foundation on which our modern 

society is built and remains the basis of transaction among institutions and among individuals in our 

society.  In 1972, Heilbroner argued that the integral role of capitalist economics in daily life meant that 

economic beliefs are more fundamental and dominant than the outcomes for the environment, and the 

‘environmental protection’ of this era was characteristically subservient to industrial capitalism.    

The espoused ‘environmental management’ of traditional capitalist economics suggests a mastery of 

nature and an ability to control the environmental consequences of our behaviour.  However, at least with 

the benefit of hindsight, the economy clearly has a more complex relationship with the environment than 

this simplistic assertion.  The environment provides the raw materials and energy for the production of 

goods and services that support our lifestyles, but the environment also sustains damage through the 

activities of households, business and industry.  Our increasing knowledge of biological systems has not 

alone allowed us to use them sustainably (Geurrier et al., 1995).  Now, many of the problems that confront 

us in the twenty-first century, such as social and environmental consequences of economic development 

and resource depletion, elude even an adequate conceptualisation in mainstream economics.   

A significant turning point to the unbridled lauding of economic development in broader society came with  
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the release in 1972 of the Club of Rome manifesto, Limits to Growth.  A club of prominent figures in policy, 

science, technology and business, the world model of the Club of Rome forecast morbid and apocalyptic 

‘limits to growth’, economically, socially and environmentally, as accelerating demand met diminishing 

supply.   

The rational and scientific decision making of the Club of Rome was built on five assumptions of 

accelerating industrialisation, rapid population growth, increasing incidence of malnutrition, depletion of 

renewable resources, and a deteriorating environment.  These were extrapolated in a systems-theory 

algorithm by computer program.  While the message of the manifesto was not new to existing anti-

progress activists, and despite criticism levelled against its methodological flaws (particularly the use of 

exponential algorithms in its modelling), the influence of the Club of Rome was significant and it could not 

be dismissed as marginal.  In fact, its self-appointed task was no less than to bring about global cognitive 

change on these issues (Suter, 1999).  However, it did not provide a solution beyond a steady-state 

society, which itself only prolonged the delay before its forecast doom. 

In responding to the environmental challenge, the early initiative of ‘environmental economics’ conceived 

that environmental goods are qualitatively different in significant ways from goods that are available 

without charge.  Once economic development has impacted on the clean air, water and soil, they are no 

longer ‘freely available’.  Environmental economics, therefore, accommodated recognition of the costs of 

cleaning up the environment and of conserving natural resources to assure their supply. 

From our perspective in the twenty-first century, recognition of the trade-off between economics and the 

environment is increasingly common, reflecting a growing environmental concern throughout society.  Yet, 

with our immersion and dependence on economic techniques, the need for a more holistic and inclusive 

epistemology was recognised.  Underlying assumptions in economic thought, such as the effects of 

scarcity (or its absence) now appear much less important than issues like environmental consequences of 

economic behaviour, which previously played little part (Yearley 1991).  The environmental legacy of these 

assumptions has grown increasingly apparent – where industry, and development have boomed, it has 
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typically been at the expense of a plundered environment.  We are led by this recognition to reconsider 

our relationship with nature, from which resources are derived.  

It is characteristic of the ascendance of EM that each of the three stages in the development of EM 

constituted an emancipation from preceding frames of thought.  The first stage, led by Huber (1985), 

contributed an emphasis on the role of technological developments, particularly with respect to their 

design and production, in leading environmental reform.  The first stage in the development of EM holds 

that environmental preservation and protection and economic growth can be mutually attainable and 

reciprocally beneficial (Everett and Neu, 2000:9).  Specifically, development can be decoupled from, and 

occur without, increasing demands on environmental resources, through smarter design at a technical or 

microeconomic level by (a) improvement of material and energy efficiency, (b) substitution of materials for 

alternatives with less environmental impact, (c) minimising, re-using or on-selling waste, and (d) changing 

output composition (Christoff, 1996).   

This idea was also developed by Beck (1992; 1994 et al.) as ‘reflexive modernisation’, where 

modernisation ‘turned back on itself’ to address the problems it has created.  Proponents of EM (e.g. Mol 

and Spaargaren, 2000) and Beck agree that the problems created by modernisation, industrialisation and 

science can only be solved by modernisation, industrialisation and science: “The dirty and ugly industrial 

caterpillar will transform into a[n] ecological butterfly" (Huber, 1985: 20). This transformation helps to 

minimise future pollution problems, increase worker productivity, encourages the development of new 

environmentally efficient production technology with implications for competitiveness (Dryzek, 1997: 142; 

Curran, 2001: 46)   

EM therefore constitutes a progression from the earlier initiatives of environmental economics, by not just 

‘cleaning up the mess’, but making less to begin with through superior design (Hawken, 1993).  It arrives 

at a perspective that economic development is neither the principal obstruction, nor an essential 

precondition, but rather an outcome requiring transformation in such a way that environmental degradation 

is meliorated and even remediated.  EM design contributes to the preservation of society’s sustenance 
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base in a fundamental structural way.  In this way, EM was an early antagonist of the de-modernisation 

and de-industrialisation that was earlier positioned as the solution to environmental catastrophe.   The first 

stage of EM thereby challenged the environmental movement’s idea that a fundamental transformation of 

the core notions of modern society (e.g. production economy) was necessary for environmental reform.   

Instead of the ‘limits to growth’ forecast by the Club of Rome, the first generation EM theorists proclaimed 

technological innovations constantly ‘expand the limits’ imposed by resource limitations, rendering the 

infamous ‘treadmill of production’ no longer a fundamental contradiction to sustained environmental 

quality.  It challenged “the questionable assumption that global environmental change has to be viewed in 

terms of the simple choice of catastrophe or cornucopia” (White 2002: 6).   

Economics and society 

Huber (1985) valued market actors and dynamics in conjunction with pro-environmental technological 

innovations in enabling ‘technocratic’ environmental reforms which he characterised at the level of nation 

state.  He also made an underdeveloped foray into ‘sociocratic’ environmental reform in terms of 

government policy, though he diminished the role of the state in providing ecological reform and had a 

limited notion of human agency.  In particular, Huber advocated that nation states could, in globalising 

markets, transfer any necessary but environmentally deleterious production or extraction by externalising 

these to other nation state economies.  However, White (2002) warns that such a scientism and a 

narrowly focused technological reductionism detracts attention from the social and political roots of social 

and ecological problems.  Subsequently, social theorists used the distinction between technical and 

societal reforms to great effect in maturing the EM perspective.  The second stage in the development of 

EM constituted an emancipation from preceding frames of thought through reform of the socio-political 

context in which markets operate.   

The environmental movement that emerged in the 1960s based its assault on capitalist economics in 

diametric opposition to the modernisation/industrialisation paradigm.  Advocacy of de-modernisation and  
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de-industrialisation, such as that in Small is Beautiful (Schumaker, 1973) constituted the core of resistance 

to economic development, but remained marginalised and radical.   

In the social sciences, Dunlap and Van Liere (1978) argued that many environmental problems stem 

primarily from traditional values, so that the attitudes and beliefs of industrialised society were embodied in 

the dominant socioeconomic paradigm.  Classical economic arguments typically justify and perpetuate the 

dominant social paradigm (Noe and Snow, 1990); that for the past 400 years, modern industrial societies 

have viewed nature as a resource to which technology and science are applied, not simply to sustain life, 

but to create a life of comfort.  Values generated in management of the environment simply reflect the 

interface between nature and society.  It is the very way in which human societies are organised and 

structured, argued Catton, Dunlap, Van Liere and other social scientists of this time, which determined so 

many of our environmental problems.   

In 1972 also, another significant publication A Blueprint for Survival (Goldsmith, Allen, Allaby, Davoll and 

Lawrence,1972) stated similar goals to the Limits to Growth of a steady-state society to oppose 

exponential growth.  But A Blueprint for Survival also included many technological fixes and fixes rooted in 

social policy.  Moreover, where Limits to Growth regarded further integration and hierarchy as the means 

to perpetuate/extend resource management, A Blueprint for Survival also problematised modern 

industrialised production, existing capital/labour relations and societal morality, instead promoting a new 

social order of neighbourhood councils and worker cooperatives.  The initiatives proposed in A Blueprint 

for Survival include transformation from flow to stock economy to minimise use of nonrenewables, the 

introduction of recycling schemes, energy conservation, an eco-tax, a reorientation from private to public 

transport, new environmentally sound agricultural practices, and a new way of calculating GNP, many of 

which are now regarded as core elements of EM.  These proposals introduced an imperative for broader 

societal reform, since they are beyond the scope of commercial markets alone.   

The considerations given in A Blueprint for Survival also focused on reform of the ‘context of the market’.  

In particular, it recognised that commodity prices on world markets, and national environmental and tax 
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policies can have greater environmental impact.  Governments can influence usage patterns by controlling 

the quantities of environmental or natural resource attributes that are traded, or by controlling their prices 

either directly where there is a mandate to set prices, or indirectly, through charges, taxes, subsidies and 

other economic incentives and actions that affect international development policies (James 1997: 13).  

Although public policies affect the environment indirectly, the effects may be large because public policies 

can change the behaviours of many people and organizations at once.   

Led by Janicke, EM took a strategic utilitarian approach and positioned environmentalism as a positive 

sum game for society and economy.  The second period in the development of EM presented a more 

balanced view of the interplay of state and the market in ecological transformation (Janicke, 1991; Weale, 

1992; Spaargaren and van Vliet, 2000).  Though it is the physical/technological innovation dimension that 

first enabled EM, its main focus through this second period was the social and institutional response to 

environmental change.   

The previous ‘react and cure’ public policy era was consequently open to be superseded by a ‘anticipate 

and prevent’ policy.  The 80s and 90s “thus saw the introduction of, more or less in order of appearance, 

the polluter pays principle, cost benefit analysis, risk analysis, the precautionary principle, tradeable 

pollution rights and the levy of charges on polluting activities” (Hajer, 1995: 27).  This transformation 

inevitably produced stress on the state structures, policy networks and policy cultures required to propel 

processes of EM and this stress allowed the development of advocacy-coalition relations in the refinement 

of production between state, civil and NGO operatives (Mol, 1995; Evans 1995, 1996, 1997).   

There are myriad policy instruments available to government, from the very broad to the highly specific.  

Howlett and Ramesh (1995: 81) identify 64 different types of instruments in the field of economic policy 

alone.  However, Bemelmans-Videc, Rist and Vedung (1998) identified four major policy instruments at 

the disposal of governments to facilitate this transition, of (a) regulatory instruments, (b) market based 

instruments, (c) voluntary agreements, and (d) informational devices.   
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Jordan, Wurzel and Zito (2003: 13) argue that while regulation may deal effectively with point sources, it is 

demonstrably less effective with complexities of the triple bottom line, the ability to internalise externalities, 

making the polluter pay, or in providing a constant spur to innovate with new technologies.   

The intellectual basis of soft instruments, such as voluntary agreements and informational devices derives 

from a range of cognitive approaches in the social sciences (e.g. Schön 1983; Dryzek 1987; Fischer 1995; 

Weick 1996). Cognitive approaches argue that the behaviour is determined by subjective interpretations of 

reality, rather than 'objective' and rationally determined interests. The argument proceeds that by changing 

the sense-making of individuals, it is possible to change the attitudes and behaviours of those individuals – 

which, in turn, will ultimately impact on environmental outcomes.  

It follows that behavioural change needs to be based on an understanding of the frames of interpretation – 

discourses and knowledge sets which influence how these actors make sense of their world and action 

within it.  Interpretive frames that stand in the way of environmentally beneficial decisions could include, 

for example, the assumption that reducing environmental damage is always associated with costs, or that 

households do not have any environmental responsibilities, or that responsibility rests with government.  

Standard economic accounts of environmental problems emphasise the extent to which policy making by 

means of market based instruments is more economically efficient than regulation by administrative rules. 

Market based instruments are instruments that “affect estimates of costs of alternative actions open to 

economic agents … including taxes [and] subsidies” (OECD 1994:17) with the expectation that this leads 

to transformation of interpretive frames in favour of pro-environmental outcomes.  The changing political 

landscape thus saw a transition from government to governance in a slow but radical transformation 

where new environmental policy instruments (NEPIs) supplement legislation, but “which do not rest on 

recourse to authority and sanctions of government” (Stoker, 1998).   

Although it can be argued whether new policies complement or replace the 'command and control' 

approach, it is now widely accepted that the use of alternative instruments is indeed increasing in many 
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countries (Jordan, Wurzel and Zito, 2003). In Australia, the current political environment of economic 

rationalism has been fertile ground for the development of genuine interest and experimentation in market 

based instruments (Papadakis and Grant, 2003).  Willingness to supplement legislation with market based 

environmental policy initiatives includes the rebates provided on household RH installations.  

One of the key drivers is seen to be the assumption that new instruments are a more effective way of 

achieving environmental improvements (Hertin, Berkhout, Wagner and Tyteca, 2003).  Jordan, Wurzel and 

Zito (2003: 201-205) cite as reasons for this growing interest, a dissatisfaction with regulation in general 

and environmental regulation in particular.  The perception that market based instruments are superior 

emerged because (a) they are market driven, (b) of the trend towards governance (over government) in 

academic and policy domains, (c) growing international competition required more cost efficient policy 

instruments than traditional regulation, (d) growing domestic political support for change was realised and 

(e) the emergence of innovative ‘second generation’ measures like hypothecation (earmarking a portion of 

the revenue stream for particular environmentally beneficial spending).   

Hamschmidt (2000) documented that improving environmental performance is not the principal motive for 

business, but that improving environmental performance was also applied with ‘strengthening innovation’ 

and ‘customer loyalty’, ‘prevention of new environmental legislation’, with 'enhancement of corporate 

public image' ranking highest. Porter and van der Linde (1995) equate environmental and economic 

inefficiency, and assert that business has large potentials for cost-effective environmental measures. In 

this view, the well-established fact that organisations do not always exploit win-win potentials (e.g. Sorrell, 

Schleich and Scott, 2002) results from imperfect information, cognitive limits and inappropriate 

organisational structures within firms.   

A market based economy can serve a green market and make ‘green profit’ (Dryzek, 1997, Spaargaren, 

1997), so decoupling of the historical alliance between green and left wing politics.  Through these policy 

instruments, EM’s systems-based approach to the market context allowed the reintegration of ecology with 

economy in the boardroom, as well as in the machine shop.  With these successes, more attention was 
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consequently afforded to the social and cultural dimensions of EM (Hajer 1995, Spaargaren and Mol 

1991).  In particular, Hajer (1995) subsequently split EM into a ‘techno-corporate’ and a ‘reflexive-

ecological’ modernisation, and Christoff (1996) characterised these positions as ‘weak EM’ versus ‘strong 

EM’.  These distinctions reflect the influence of technological advances conceived in the market, on one 

hand, with the influence of institutional and government policy on the other.   

In the second generation of EM, the disregard of nature is understood as a ‘design fault’ of governance 

and policy institutions.  When environmental considerations are increasingly institutionalised in the policy 

domain, they are less susceptible to wither away under economic or other pressure.  Although the 

principal institutional systems do not substantially alter, power relations, priorities in research and 

development, investment patterns and so forth, can.  The restructuring of social, political and economic life 

through the process of modifying attitudes, “discursive problem closure” (Hajer, 1995: 22) through 

changing laws, government policies and corporate behaviour, and emergence of support in this period for 

concepts such as Green GNP enabled the marriage of economy, environment and society that sets EM 

apart from principled ecocentrist approaches (Giddens 1984: 244,5).  When ecological imperatives are so 

extensively taken into account within societies they become intrinsic, anchored in a new paradigm and not 

so passingly acknowledged, nor easily displaced.   

Environment and society 

The third stage in the development of EM was a similarly systemic emancipation from preceding frames of 

thought through integration with perspectives on consumption reform.  The introduction of social and 

environmental criteria to the existing criterion of economics attempts to more completely address the 

impacts of available alternatives.  EM links the growth demands of our industrialised economy to an 

environmentally sustainable pathway.  It contextualises and embeds social dimensions neglected by 

environmental economics and economic dimensions neglected by environmental sociology to form a 

cohesive complex systems approach.  Australian governments still recognise that water allocation through 

the use of economic mechanisms is of great interest to induce efficiency.  However, economic instruments 



86 of 457 

of permits, control and charging do not capture the multi-objective decision making processes of the triple 

bottom line now necessary in water management (Braga, 2003).  The emergent significance of the so-

called ‘triple bottom line’ broadly coheres with the three stages identified by Spaargaren and van Vliet 

(2000) in the historical development of EM.  Figure 3.1 represents an application of the triple bottom line to 

the Australian water industry.   

 

 

 

 

 

 

 

FIGURE 3.1: Triple bottom line components for the Australian water industry 
                      Source: Schneider, Davison, Langdon, Freeman, Essery, Beatty and Toop (2003) 

In the third developmental stage of EM attention to consumer markets and consumption reform was 

brought to life in a way that again transformed environmental sociology in the capitalist context.  From a 

focus on ‘supply-side’ reform, it honed EM into a fully integrated systems perspective. 

To fully understand the political dynamics shaping the social impact of EM requires understanding of the 

social transformation in the 1970s, when environmentalism was catapulted into prominence in Western 

society, through manifestos like the Limits to Growth and Blueprint for Survival, but also in the academic 

literature on environmental sociology.   

Modern urbanised societies are characterised by abstracted systems such as power and water that are 

out of sight out of mind and beyond the control of the general public. “Consumer expectations about their 
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provision have become routinised, based on the largely well-established, unproblematic delivery of the 

service” (Marks and Zadoroznyj, 2005: 558).  “Because we can turn on the tap and water comes out, we 

have been disconnected from what goes on” (Miller, 2005). “As humans have taken this increasingly 

exuberant attitude toward nature, they have tended to equate a high quality of life with material goods.  As 

a result, psychological distance has been created between humans and their environment” (Milbrath, 

1986).  Despite this psychosocial displacement, environmental ethicist, Hardin (1968) and others argued 

the human race is charged with the dilemma of how to prevent overuse of natural resources.   

From whence did this new public environmental awareness emerge?  As the debate on socio-

environmental interaction developed through the second stage of EM, an ‘etiology’ of the awareness was 

needed.  This led to a burgeoning of social and psychological perspectives on environmentalism with a 

tendency to make use of taxonomies (Hajer, 1995: 78).   

Drawing on Maslow’s Hierarchy of Needs, Inglehart (1971), for example, explained the transformation of 

environmental values through fundamental intergenerational differences between the generations of 

depression and world wars versus the generation of relative post war security.  Inglehart’s model was 

therefore contextualised economically and culturally, but was criticised for a values psychology divorced 

from behaviour and undermined by problems linked with Maslow’s theory, such as disconnection between 

one level of motivation fulfilment and progression to superior levels of motivation fulfilment.   

The grail was to establish a link between environmental values and behaviours exhibited by society.  

Fishbein and Ajzen (1975) explicated their Theory of Reasoned Action (TRA) which they claimed would 

improve our ability to predict behaviour.  This was revised in Schifter and Ajzen’s (1985) updated version 

of TRA called the Theory of Planned Behaviour (TPB). The TPB includes an additional variable of 

perceived behavioural control, assessed by asking people how much control they have over performing a 

particular behaviour.  The variables specified by the TPB generally accounted for more of the variance in 

behaviour than had previous attitude/behaviour measures. However, it soon became clear that important 

limitations on the theory's domain meant that additional variables were required. Kantowitz and others later 
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argued and that the TRA and TPB were better understood as a taxonomy than an explanatory system 

(Kantowitz et al, 1997).  In addition to this structural critique, a variety of criticisms have been levelled 

against instruments measuring environmental attitudes, including low correlations with pro-environmental 

behaviours, low reliabilities, inconsistencies across measures and a failure to integrate theoretical 

perspective beyond ‘values’ (Evans, 1991; Dunlap, Van Liere, Mertig and Jones, 2000).   

Behind these efforts to link values to behaviour, the enduring ethical debate concerning human impact on 

nature still reduced to two choices: is it based on nature’s right to be protected or is it an assumed human 

responsibility?    

Based on the influential work of thinkers such as Durkheim, Marx, Weber and others, the dominant social 

paradigm up to the early 1970s was of anthropocentric ethics.  Anthropocentrism, coined in the 1860s, 

had matured from righteous dominion over natural resources to a position that nature deserves moral 

treatment because the way nature is treated, in turn, affects humans.   

Catton and Dunlap (1978) call this old order the Human Exemptionalist Paradigm (HEP), that humans 

exempted themselves from their estranged environment. They argued that these preceding theorists had 

erred in their anthropomorphism, to consider “humans as somehow separate from and superior to natural 

processes.”  In their New Environmental Paradigm (NEP) Catton and Dunlap (1978) introduced the 

opposing ethics of ‘Ecocentrism’, first coined as ‘biocentric’ in 1913 by Lawrence Henderson.  Ecocentric 

ethics, the position taken by so-called ‘deep ecologists’, considered that nature inherently deserves moral 

consideration for its intrinsic value.  Catton and Dunlap recognised that human social systems have 

significant impacts on physical and biotic systems and vice versa, that there is an interactive relationship 

between social and natural environments. They argue that more attention is due to “the dependence of 

human society on ecosystems, and the laws of thermodynamics” (1978:41).   

The broad response in social theory was a recognition that the environment should not be left under-

theorised, so that a boundary is drawn between social systems and natural outside environments, and 
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then arguing that social facts should be explained by using social facts alone, without taking into account 

the environment (Mol and Spaargaren 2000:26).   

But this obscured a deeper issue.  The major theoretical works in contemporary environmental sociology 

(whether anthropocentrism, the ‘treadmill of production’, the ‘growth machine’ or the persistence of the 

dominant social paradigm) converged on a dichotomisation of disposition to the environmental in their 

constructions of key social dynamics.  This dichotomisation led to a theoretical impasse by inextricably 

morally linking society with environment.  Just as the de-modernisation and de-industrialisation advocates 

prescribed as an economic alternative, social theory now required radical social change as salvation from 

environmental gloom (Buttel, 1997).   

Taxonomies (including the dyadic NEP/HEP) are commonly criticised for oversimplification into categories 

that deny the messiness of reality for the sake of internal consistency (Hajer, 1995).   Social psychological 

research on values suggests that attitudes and behaviours are often associated with multiple and even 

contradictory values (Eagly and Chaiken, 1993).  EM instead contended that change toward sustainability 

is possible and able to be effected through reforms of social and institutional structures (Mol and 

Sonnenfeld, 2000).  Yet EM also emancipated radical environmental change from radical social change by 

recognising that social practices transform incrementally against the boundaries set by the existing 

institutional order, so showing that a tight coupling of environmental and social change can be questioned.   

Hajer (1995) argues the institutionalised incrementalism from which EM derives its social political muscle 

discredits the ecocentric view that the “troublesome state of the environment is the result of the recognition 

of the true extent of environmental degradation”.  In support of his argument, Hajer cites Von Prittwitz’ 

(1983) ‘paradox of catastrophes’, that localised environmental risk or degradation is often inversely related 

to localised objection.  Hajer’s main argument, though, is that the mere recognition of environmental 

problems alone is insufficient grounds for the broader value change in society that occurred in this time.   

It is a curious paradox that the ‘transformational’ change of EM is predicated on incrementalism.  The  
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theoretical impact of this tertiary stage in the development EM lies in its framework of decoupled and 

incremental change as an “effective response to a variety of circumstances or imperatives regarding social 

ecological thought in the 1990s” (Spaargaren and van Vliet, 2000: 59).  The transformation did not 

substitute ecocentric for anthropocentric principles in accepting the significance of more responsible social 

ecology.  EM does not elevate ecology as an undisputed priority over other social objectives.  Instead, it 

heralded the onset of incremental change at the societal level through the progressive implementation of 

governance and policy that upheld the foundations of economic development but was also more 

ecologically aware, reflecting a growing social concern with the environment. This framework of decoupled 

and incremental change rejected the radical ecology position that only a revolution can subvert the 

environmental crisis and so constituted a paradigm shift by theorising the social-environmental interface 

outside the long-standing dichotomisation of values.   

However, EM retains that the culture and structures of western society is at the base of the crisis, which 

over the past two hundred years in particular, have led us to the current state (Mol and Sonnenfeld, 

2000:35).  ).  “To provide solutions to environmental problems, however, we need look no further than the 

human societies which produce them; something which we seldom do” (Beck 1992).  EM argues that 

environmental resources ought to be managed in a more ecologically (and ipso facto economically) 

rational manner.  Consequently, environmental reforms should be judged not only on their environmental, 

but social and economic impact also (Mol and Sonnenfeld, 2000:35). 

Environmental problems are considered to have characteristics of social dilemmas (Chase and 

Panagopoulos, 1995; Colman, 1992).  In such dilemmas one choice is deemed to be rationally superior for 

the individual as an individual, whilst the other is rational for the individual as a member of a group, 

offering some explanation of the dissonance between high levels of self-reported environmental concern 

and low levels of pro-environmental behaviour.   

Contextualising the individual widens the problem frame.  The salience of problem framing to radically 

transform meaning is supported by Ostrom’s (1990) ‘farther horizon’:  It may be rational for common users 
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to forgo individual benefits and cooperate towards collective goals.  Rational action is determined by more 

than economic criteria alone, so that the household rationally seeks the optimum exchange among 

economic, ecological, social capital at its disposal.  The rationally calculating citizen will be just as keen on 

avoiding environmental risks or making environmental profits and she is on enhancing status or realising 

economic benefit. (Ostrom, 1990; Spaargaren and Van Vliet, 2000: 57).   

In the so-called Commons Dilemma, claims to the rationality of the syllogism ostensibly conform to 

processes of logical reasoning.  However, Ostrom’s perspective shows that the logical premises of the 

Commons Dilemma are oversimplified.  In its definition of rationality (to maximise one’s own economic 

return at the expense of the Commons) it erroneously determines the ‘irrationality’ of alternatives.  The 

errors are the horizon against which its rationality of selfish use is contextualised, and with that short 

horizon, the optimum exchange among economic, ecological, social capital at one’s disposal.   

Nonetheless, despite areas of commonality, cautions remain that in restoring the analytical priority of the 

environment, beliefs and values are inescapably plural.  Differences clearly exist among societies in their 

social constructions and representations of the environment, human-environmental relationships and 

approaches to management of environmental impacts and changes (Douglas and Wildavsky, 1982).  

Within societies, too, difference of opinion exists among individuals, groups and organisations, and also 

among ‘experts’.  The emphasis on the supply-side elements of market action and governance and policy 

developed in the earlier conceptions of EM requires enrichment with sociology of consumption that 

embraces this plurality.   

The third stage in the development of EM identified by Spaargaren and van Vliet (2000), coherent with the 

transformation of societal values towards the environment, is the transition into demand-side (community- 

driven) innovation of production and public policy by exploring the role of consumption in society.  In market 

economies, consumers and consumption patterns shape production and supply processes.  As the role of 

consumption is elevated, the wider body of stakeholders – the community – comes into closer consideration.  

Part of the reason for the successful reception given to the market based instruments of government and 
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governance that co-evolved with market economies is that emphasise ‘consumer sovereignty’.  Freedom 

and consumption are inextricably linked so that “consumption is now the single most important objective of 

modern politics, more or less unquestioned right across the political spectrum (Jacob 1997: 47).   

In the process of moving from ‘government’ to ‘governance’, community environmental citizenship has 

become increasingly important because governments and their agencies cannot create sustainable 

societies on their own.  This focuses attention on the role that society itself plays in achieving political 

objectives such as sustainable development.  The nexus between political economy and environmental 

citizenship invokes the ‘common good’. The public recognises that consumption contributes to environmental 

problems, but the consequent imperative for transformation towards sustainable consumption is generally 

resisted.   “While governments need engaged citizens if sustainable development is to be a reality, these 

engaged citizens do not emerge fully formed from the social womb.” (Dobson and Saiz, 2005:162) 

Through human history, environmental impact has largely been a by-product of human desires such as 

physical comfort, mobility, relief from labour, enjoyment, power, status, personal security, maintenance of 

tradition and family and of the organizations and technologies humanity has created to meet these desires.  

Environmentally significant behaviour is defined by its impact: the extent to which it changes the availability 

of materials or energy from the environment or alters the structure and dynamics of ecosystems or the 

biosphere itself (see Stern, 1997).  Ostensibly, if individuals care about the environment, it is translated 

into preferences about consumption (Hackett, 1995).  Yet it is only relatively recently that environmental 

protection has become an important consideration in the broader community decision-making.  When 

‘community’ is disaggregated, it is households that make the choices of products and technologies, and so 

households are operationalised as the unit of analysis on behalf of the community.   

Like many of the social dilemmas, the environmental impact of any individual household’s behaviour is 

small. Such individual behaviours have environmentally significant impact only in their aggregation, when 

many people independently do the same things.  And since they are only significant in their aggregation, it 

is in the aggregation of pro-environmental behaviours that theorists have focused new enquiry. The result 



 93 of 457 

is a structurationist perspective that combines an action-oriented approach to consumption with a 

systems-of-provision perspective.  By accepting a role for consumption choice that was not fully 

appreciated in the earlier stages of EM, the third wave of EM mints together sustainable consumption and 

sustainable development as two sides of the same coin.  EM offers a solid and compelling basis for an 

integrated systemic perspective on pro-environmental innovation.  However, the EM perspective on 

consumption displays some significant conceptual and therefore methodological weaknesses for the 

inquiry in this thesis. 
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Sustainable Consumption 

Sustainable consumption is a key component in the sustainable development paradigm, which calls for 

consumers to take action on the environmental impacts of their household consumption practices 

(Dobson, 2005).   

The 1987 United Nations World Commission on Environment and Development (Brundtland Commission) 

Report, Our Common Future, a paradigm of EM principles, advocates an economics that is: 

a) Multidimensional, where cultural and social dimensions in a broad sense, physical and ecological 
dimensions of various kinds and financial or monetary dimensions of various kinds are 
considered; and  

 
b) Built on ethical principles, beyond the present generation to an intergenerational solidarity; a 

precautionary principle aimed at preventing irreversible damage. 

The United Nations Educational, Scientific and Cultural Organization defines sustainable consumption as:  

 “The use of goods and services that respond to basic needs and bring a better quality of life 
whilst minimising the use of natural resources, toxic materials and emissions of waste and 
pollutants over the life cycle so as not to jeopardise the needs of future generations.” 
(UNESCO, 1999: 1).   

In its broad conception of the issues of consumption, Agenda 21, the United Nations Division for 

Sustainable Development ‘Rio Declaration’ on Environment and Development calls for: 

 “Assessment of the relationship between production and consumption, environment, 
technological adaptation and innovation, economic growth and development, and 
demographic factors.”     (United Nations, 2004, 4.10),  

 
and 
 
 “New concepts which allow higher standards of living through changed lifestyles and are less 

dependent on the Earth's finite resources and more in harmony with the Earth's carrying 
capacity.” (United Nations, 2004: 4.11). 
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Each of these United Nations’ operationalisations clearly articulates the link between wasteful and 

inefficient consumption patterns and environmental degradation.  Because of this link, sustainable 

consumption typically forms part of an efficiency focused rationalisation discourse.  It has been variously 

suggested that for consumption to become sustainable in the context of the environment, social needs 

must be filled four, ten or even twenty times more efficiently than they are at present (Lovins, Lovins and 

von Weizsacker: 1997; Quist, Toth and Green: 1998; Factor 10 Institute; 2004). 

Assessment of the environmental impacts of what consumers actually do is a complex analysis.  

Consumer researchers and psychologists have focused on behaviours in the private sphere: purchase, 

use, and disposal of personal and household products that have environmental impact.  Different types of 

behaviours may have different determinants (e.g., Black, Stern, and Elworth, 1985) and may also form 

coherent clusters empirically (e.g., Bratt, 1999a).  It is useful to subdivide these according to the type of 

decision they involve: the purchase of major household goods and services that are environmentally 

significant in their impact (e.g., automobiles, energy for the home, recreational travel), the use and 

maintenance of environmentally important goods (e.g., home heating and cooling systems), household 

waste disposal, and "green" consumerism (purchasing practices that consider the environmental impact of 

production processes, for example, purchasing recycled products and organically grown foods). Making 

such distinctions has revealed that some types of choice, such as infrequent decisions to purchase 

automobiles and major household appliances, tend to have much greater environmental impact than 

others, such as changes in the level of use of the same equipment: the distinction between efficiency and 

curtailment behaviours (Stern and Gardner, 1981a, b).   

If consumers know and care about the environmental implications of their consumption habits, barriers 

remain from the translation of attitude or belief to action.  These may include affordability and convenience 

of sustainable products, feelings of powerlessness that individual action will make any difference and that 

only brands and products with which society is familiar are subject to transformative consumer pressure.  

Gagnon-Thompson and Barton (1994) argue that three dominant explanations account for the failure of 

pro-environmental attitudes to translate into pro-environmental actions.  These concern (a) the need for 
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expert-led solutions; (b) the sacrifice and inconvenience of reducing consumption; and (c) attending to the 

consequences of purchases.  Yet, household adoption of RH technologies offers compelling divergences 

from the normal impact of these explanations.   

Studies which assess lifecycle, ecological footprint and so on have been criticised for providing little 

opportunity for consumers to plan or review their own behaviour without particular expertise, requiring 

instead, the use of expert-led solutions.  RH adoption has some elements of the problems of expertise, yet 

sidesteps others.  Anyone can walk into a store and order a rainwater tank.  However, expert advice may 

allow for a more effective RH system, taken in terms of maximising yield by appropriate storage tank 

sizing, placement and particularly by emphasising connectivity with household fittings.  Expertise may also 

guide choices of effective technologies, and so allow for a more chreseological system design in which a 

minimum of alterations to household behaviour is required to maintain effective RH system operation or to 

determine ‘the right system components’ for the household applications.  Second, and prior to the eventual 

household use of the RH system, is a ‘regulation gap’ that may necessitate a plumbing trade qualification 

for RH system installation.  However, these limitations of expertise occur at adoption, not in actual usage.  

Once installed, household RH systems do not require particular expertise to use or maintain. 

Perhaps the most difficult obstacle to sustainable consumption agendas, the primary criticism of lifestyle 

rationalisation is the imperative to do more with less.  This violates a predicated consumer desire for 

affluence and so appears to alienate the community.  Existing research confirms the links between 

affluence and household water consumption, including that higher income households use more water 

(Harlan, Yabiku, Larse and Brazel, 2008; Hanak and Browne, 2006; Corral-Verdugo, Bechtel and Frijo-

Sing, 2003; Vickers 2001; and Hamilton, 1983), and save less when asked to conserve (De Oliver 1999).  

Tinker, Bame, Burt and Speed (2005) found that appraised house value increased water consumption 

more than any other socioeconomic variable.   

However, household adoption of RH technologies does not require households to reduce their water 

consumption.  It is a significant advantage of household RH supplementation that it actually ‘expands the 
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limits’ of consumption as the first generation of EM proclaimed - without increasing household demand on 

the mains supply, where demand is ‘counted’.  In the current context of household water restrictions these 

limits are expanded in volume and in terms of temporality or flexibility of use, since rainwater is not 

regulated by mains water restrictions. 

This leaves a third barrier to rationalisation of consumer lifestyles - the requirement for behavioural 

change.  Typically, rationalisation of consumer lifestyles requires that consumers have to learn about the 

impacts of their consumption and as a result of this knowledge, change their consumption behaviour.  RH 

does require some amendment to household behaviour; RH system maintenance in particular.  However, 

maintenance is required infrequently and the most demanding task, cleaning gutters, is not predicated on 

the existence of a household RH system. 

Whether these three primary factors are merely inhibitors or actually constitute significant barriers to the 

household adoption, Gollwitzer (1990) suggested they are transcended through chronological transit of a 

pre-decision, a pre-action, action, and post-action phases which correspond to: (a) setting preferences 

among competing wishes and turning a wish into a chosen goal and commitment to achieve the end state; 

(b) the volitional task of promoting goal directed actions by instigating goal-directed behaviours before the 

situational elicitation of habitual behaviour; (c) the volitional task of bringing goal directed actions to a 

successful result; and (d) evaluating what has been achieved versus what was desired.   

Heckhausen (1991) similarly suggests three tasks: (a) maintaining the intention until a suitable action 

opportunity is encountered, (b) initiating the action when the opportunity is met, and (c) investing additional 

energy to overcome unanticipated action barriers when performing the behaviour.  The higher the 

incentives for performing a behaviour, the more people overcome the volitional problem of action initiation, 

for example by stimulating themselves to form an implementation intention. 

These perspectives have strong emphases on explicit intention.  In fact, decisions and behaviours might 

reasonably be judged to occur more tacitly.  Questioning the assumption that social behaviours are 
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intentional behaviours, Verplanken and Aarts (1999) assume that everyday behaviours are more 

controlled by habits than intention.  A habit is a strong mental link between a specific situation and a 

behavioural goal; habits are automatically activated by situational cues without the need for further 

mediation of a conscious intentional process.  Eagly and Chaiken also conclude:  

 “The addition of past behaviour to the model is eminently sensible from … perspectives 
which postulate that behaviour is influenced by habit, or more generally, by conditioned 
releases or learned predispositions to respond that are not readily encompassed by the 
concepts of attitude and intention.” (Eagly and Chaiken, (1993: 79). 

Which of the two processes is operating (habit or conscious intention) depends on the motivation and 

opportunity for deliberative and effortful reasoning (Bamberg, 2001).  The ABS 4602.0 (2005) study failed 

to establish an extent to which households that rejected RH installations were active in their consideration.   

The consumption-provision nexus 

Households as social and economic units must overcome the inertia of habit in the context of an available, 

high quality mains water supply; transcend inhibitors such as those reported in the ABS 4602.0 (2005) 

study of cost, space and time; maintain a commitment to the decision throughout the process of selecting 

technologies that enable desired end usage, finding qualified installation professionals, and accommodating 

changes to their lifestyles and routines that ownership necessitates.   

The realisation of an intention is a complex volition, especially when associated with considerable effort or 

competition with deeply rooted habits.  Otnes’ chreseology of everyday life exposes the daily routines of 

domestic consumption.  Chreseology is defined as a study of routine “using, employing and implementing” 

(1988:163-4).  Products may be employed to reorganise or rationalise the household, but where there is 

choice, they are less likely to be accepted if they result in a rigid routine of maintenance, and so deny the 

attainment of a flexible time-space structure. Otnes (1988), Cowan (1983), Everett (1983) and others 

contend that households are more likely to accept more sustainable provision of water on the proviso that 

the alternative supply technologies ‘fit’ into the overall organisation of their household and lifestyle.   
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The chreseology perspective of the effort involved in adoption can enhance our knowledge about the 

various ways in which people relate to technologies, households relate to expert systems and ‘private’ 

systems of provision relates to ‘public’ ones.  Sustainable consumption relies on the summation of many 

small and decentralised acts of sovereign consumer citizenship to shift the market, so the problem of 

consumer-driven change itself is a collective one.   

Practicing ecological citizenship to achieve a reduction in environmental impacts requires individuals to 

make political and environmental choices in their consumption decisions.  But it also benefits from 

technology and policy (Spaargaren and Van Vliet, 2000:56).  New environmental technological advances 

and policy positions facilitate emergent patterns in social consumption.   

The sociology of technology proposed by Bijker, Hughes and Pinch (1987), constitutes that technological 

systems are inherently social in character, constituting both people and artefacts.  Similarly, Cowan (1983) 

studied domestic social practices from an environmental perspective and theoretically and empirically 

articulates connections between technical and social aspects of social practices. Technological systems 

and devices operate in a wider sphere than technology alone and may fail because they do not fit social 

conditions.  Cowan’s ‘consumption junction’ is the place and time where the consumer makes choices 

among competing technologies, which elements stand out as being more important, more determinative of 

their underlying consumption choices and therefore which path seems wise to pursue (1987:263).   

Cowan’s ‘consumption junction’ appears very similar to the social practices nexus in Giddens’ 

Structuration Theory.  Giddens’ analysis of environmental behaviour also focuses on the interchange of 

human behavioural or social practices with a systems-of-provision perspective.  The conception underlying 

the model is a structurationist scheme in which the chreseology (i.e. the physical, cognitive and affective 

burden) of consumption is linked to structures involved in the reproduction of social practices.  Giddens’ 

model conceives that social practices are constructed in reciprocal definition by actor, action and context 

at the nexus between psychological and economic models of behaviour.  Otnes (1988:120) argues: “Every 

time we tap some water we are making use of the services that are provided by expert systems.  At the 
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very same moment we contribute to their ongoing reproduction. … the collective underpinnings of private 

life.”  The right-hand-side infrastructure of Giddens model (see FIGURE 3.1), it implies, is an integral part 

of the socio-technical systems of provision, to which, once connected, the consumer is a captive.   

 
 
FIGURE 3.2: Giddens’ Structuration Model 
                      Source: Spaargaren and Van Vliet (2000: 71) 

However, Giddens also provides a formal concept of Lifestyle, and from here, a pathway towards a more 

sustainable lifestyle.  Cowan (1983) agrees the industrialised home is ostensibly a series of consumer 

decisions and cannot be divorced from the industrialised systems of provision like the municipal water 

system, electricity grid and so on.  However, Cowan’s medium term view of the history of socio-technical 

systems allows us to consider alternatives to current systems that appear fixed from a short term 

perspective.   

When the system of provision is ‘de-routinised’, for example through extended supply disruption (water 

restrictions, for example), Spaargaren and Van Vliet (2000) take the opportunity for alternatives further: 

the taken-for-granted character of that system can be replaced by a questioning of alternatives, such as 

the decentralised provision offered by household RH.   

FIGURE 3.2 is an original adaptation of Giddens’ Structuration Model to household RH applications.  On 

the left hand side of the model, human actors aiming at a reduction of the environmental impacts of their 
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lifestyle are dependent on the environmental innovations made available to them through the systems of 

provision.  On the right hand side of the model, companies, public utilities and government agencies 

involved in the development of more sustainable management of water resources are dependent on 

human actors (households) to act as citizen consumers.  For RH to compete at the consumption junction 

nexus, households must recognise its pro-environmental innovations as relevant tools that fit their 

lifestyles and their internal domestic organisation as well as their specific standards of comfort, cleanliness 

and convenience.   

 

Actor/Agent                   Human Action                   Social Practices              Products and Services       
Structures 
 
                  Modes of Use            Modes of Access              Modes of Provision           Modes of Production 
 
                                             Environmental innovations in production/consumption technologies  
 

 
FIGURE 3.3: Adaptation of Giddens’ Structuration Model to household rainwater harvesting. 

Original adaptation 

The contextualisation of household consumption choice with normative large scale infrastructure socio-

technical systems is important.  Whereas psychological models are strong in stressing the underlying 

values or beliefs of human actors, they are weak in connecting the actors with their context in terms of the 

structure within which these values are exercised (Spaargaren and Van Vliet, 2000).  Economic models, 

conversely, do not give sufficient consideration to the motivation behind certain actions.  “Analysis of 
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production-consumption cycles within a systems-of-provision approach allows for mixed forms of 

provision, accompanied by different modes of access as well as different modes of use or enjoyment” 

(Warde 1990: 231) 

Collective socio-material systems that serve consumers “represent to a considerable extent the 

sustenance base of our daily domestic routines … they are involved in the organisation of our intercourse 

with the environment … so when people are striving for more sustainable lifestyles and patterns of 

domestic consumption the possibilities (not) offered by collective socio-material systems are of strategic 

importance.” Spaargaren and Van Vliet (2000: 65)    

Since the actions of individual households are alone insignificant at a community scale, theorists including 

Cowan (1983), Otnes (1988) and Giddens (1988) have made attempts to consider similar behaviours 

across households in aggregate, and to draw unifying concepts for understanding the consumption-side 

effects of household-level pro-environmental behaviours.   

The primary way in which the individual household behaviours are aggregated is to discuss ways in which 

consumer choices about different systems of provision are made in a context of ‘lifestyle choices’.   When 

individual households’ actions are disaggregated and regrouped as lifestyle choices across actors, “a 

lifestyle can be defined as a more or less integrated set of practices which an individual embraces, not 

only because such practices fulfil utilitarian needs, but because they give material form to the particular 

narrative of self identity” (Giddens 1991: 81).  Constructed this way, lifestyle is broader than consumption, 

also involving chreseology and the interpretation of the behaviour made by the actor (Spaargaren and van 

Vliet, 2000).  Lifestyles also denote a degree of coherence across aggregated households’ behaviours.  

The notions of integration and coherence are important because modes of action adopted in one context 

may differ from those adopted in another.  Giddens calls this slice of action a lifestyle sector (1991: 83).   

While this Lifestyle approach may aggregate behaviours across households, it does not necessarily follow 

that these commonly grouped household behaviours derive from identical (or even similar) motivations at 
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the household level.  While the overall effect may be equivalent for a systemic perspective such as EM 

and therefore suitable for its particular purposes, the Lifestyle perspective, lifestyle sectors and so on, do 

not actually address the motivations of individual households.   

This thesis offers an alternative hypothesis to this construct of Lifestyle as an etiology of sustainable 

consumption.  Parsimony suggests it is premature to automatically ascribe a consumption choice to “the 

particular narrative of self identity” as Giddens suggests.  The assumption that any given consumption 

choice is also contextualised within an “integrated set of practices” is also precarious.  Consistency is not 

a universal predicate of human behaviour.   

Bridling these assumptions does not mean that they are irrelevant.  What is asserted here, though, is that 

a claim that ‘Lifestyle motivates adoption’ is unhelpful over-theorising to close a gap in the model.  This 

flaw of the lifestyle construct can be understood as an artefact of the scale of the systemic approach.  The 

stage is too big for the play, too grand in its claims.   Furthermore, it is unhelpful to develop Lifestyle as a 

construct that is merely a veritable garbage can conglomerate of any and all socially inclined factors that 

motivate a consumption choice (such as the decision process to adopt a RH system).  It presumes too 

much and reveals too little.   

This situation, Hannan (1971) called ‘overdetermination’.  It can be remedied by carefully discriminating 

between subtle differences in the concert of causes and effects that are taken to mean Lifestyle (Meyer 

and Goes, 1988).  The alternative hypothesis offered to the aggregation approach is deconstruction: i.e., 

striving to understand the discrete factors that, in concert, motivate an actor to an adoption decision.  

Synthesis with a second perspective that is sensitive to the idiosyncrasies of individual actors provides a 

pathway to achieve this deconstruction.   
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Criticisms of Ecological Modernisation 

Although the framework developed by EM provided a paradigmatic shift from previous perspectives, it has 

not been a movement without criticism.  Criticisms of EM provide an opportunity for the critical examination 

of its core constructs and proponents of EM should give these criticisms the attention they deserve.  A 

theory that has already proved as influential as this one, after all, surely deserves no less. Since its earliest 

conceptions, EM has been reinvented and transformed towards a more comprehensive framework.  It is not 

improbable that recognition of the criticisms levelled against EM have a further role to play in refinement of 

the EM perspective by addressing its operationalisation and its applications and their implications. 

Criticisms of EM take a number of forms, but do not simply invalidate the contributions of EM.  A sensible 

place to start is with the criticism of EM as a theory per se.  A scientific theory is expected to possess a 

number of characteristics and to exercise a degree of command over them.  It is more advanced than a 

simple hypothesis and subject to greater repudiation than a scientific ‘law’, which has transcended the 

capabilities of current knowledge and enquiry to refute it.  Scientific laws have not been attained in any 

study of human behaviour, much less the transdisciplinary study of interactive systems of environment, 

economy or society which are inherently riddled with differing perceptions and value judgements.   

EM is ascendant not as a unified, codified and tight social theory, but because it is broad and 

multidisciplinary, and “because it accords particularly well with a number of intellectual and broader 

political-economic factors, many of which lie outside the realms of sociology and environmental sociology.”  

(Spaargaren and van Vliet, 2000: 57).   

Perhaps due to its infancy, but perhaps also for this plurality, EM has the dubious privilege of meaning 

different things to different groups such as disagreement over the extent and meaning of societal reforms 

(from cleaning up polluting production processes to producing greener products to a complete rethink of 

affluent lifestyle and material consumption) (Seyfang, 2005; Mol and Sonnenfeld, 2000).  Many definitions 

advanced by EM theorists are broad and vague, and so limit the analytical usefulness of the concept. 
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Milanez and Buhrs (2007) argue that EM has produced a range of (often competing) perspectives, each  

emphasising different aspects of EM.  EM has consequently been critiqued for not being cohesive (Buttel, 

2000).   

Huber (2000) argues that divergence of opinion emerged in the course of the Brundtland Report, wherein 

broad agreement based on nebulous operationalisations broke down as the operationalisations required 

tightened explication.  Huber contends that the ecology movement takes EM to affirm its own traditional 

interpretation of sufficiency, incorporating confinement of consumption and production.  Industry, conversely, 

clings to its own convention with an efficiency interpretation of EM.  Significant differences in the defining 

interpretations of the theory obviously problematise movement toward resolution of a unified perspective.   

Massa and Andersen (2000: 265) reflect:   

There are more and more critics who ask what ‘ecological modernisation’ offers that 
distinguishes it from the ‘business as usual’ of contemporary capitalism …. Has efficiency in 
resource and energy use, as well as technological innovation, not always been a standard 
operating mechanism of a free-market economy? 

This question provokes a response: “Yes and NO”.  Energy efficiency, resource efficiency and 

technological innovation have traditionally been standard operating mechanisms, but only when it suited 

industry to make them so.  The purpose of industry is profit through production, so when efficiencies or 

innovations are not required to preserve profits, and they incur an expense in the realisation, there must 

be sufficient reason for industry to effect changes to its existing practices.   

It leads to a concern that proponents of EM can legitimately point to cases where something like EM has 

taken place, whilst critics can point, with equal legitimacy to the virtual opposite, often by recognising the 

flow-on effects of ‘EM initiatives’.  To illustrate this point, a policy initiative to offer a rebate on household 

purchase of a new water and energy efficient washing machine (removing an inefficient machine) might 

reasonably be claimed as an EM initiative.  As Cohen (1997: 109) wrote: “A key element in executing this 

transformation is a switchover to the use of cleaner, more efficient and less resource intensive technologies 
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through a process of super-industrialisation.”  The water and energy demands are reduced from the 

household perspective and the initiative also supports an expansion in the production of new machines 

fulfilling the economic growth perspective of EM.   

The recognised problem is that the net effect of the policy initiative is increased environmental demand 

because of the energy and materials required to make new washing machines, whilst the older machines 

are confined to the scrap heap.  This implication is apparent: economies become more efficient in their 

resource use as they develop, but growth in production outstrips savings from efficiency.  It is confirmed in 

the economic history of resource consumption research of Bunker (1996) and Matthews and others (2000: 

viii) who “found no evidence of an absolute reduction in resource throughput in any of the countries 

studied” but rather that “total quantities of conventional wastes, emissions and discharges increased.” 

This is obviously a criticism with some merit, since it both confirms and disconfirms the EM perspective, 

though at different levels of analysis.  However, this criticism does not adequately reflect two key gains: 

first, that the lifecycle of machines is limited and they will require replacement at some point, and second, 

that increasing standards of efficiency allow a more environmentally sound choice in the purchase of a 

replacement machine.  

Yet, the mere accumulation of additional examples, accordingly, would seem highly unlikely to prove that 

one side is “right,” while the other is “wrong.”  The task is to work toward greater rigor in identifying 

conditions under which genuine EM outcomes occur, and are more or less likely.   

One useful step in this direction has already been provided by Cohen (2000, 1998), who has begun to ask 

about the conditions under which ecological modernization is likely to take place, examining the potential 

importance of factors such as institutional structure, economic organization, environmental consciousness 

and culture. Langhelle’s (2000) analysis of key conceptual differences between sustainable development 

and EM identifies that EM primarily addresses the environmental problems of industrialised countries.  Mol 

and Sonnenfeld (2000a: 5) concur: “The aim of Ecological Modernisation theory has been to analyse how 
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contemporary industrialised countries deal with environmental crises.”  The modern industrial economy of 

the Australian setting is consistent with this perspective of EM and confirms EM as an appropriate 

framework to use in consideration of societal response to the ‘water crisis’.  Three primary criticisms of the 

EM perspective are relevant at this stage.   

Giddens’ (1984) structuration perspective on consumption is actor-centred and so is helpful in establishing 

a congruity between the EM and DI perspectives.  The structuration perspective also operates from a 

paradigm of structural functionalism, remains positive and experiential, and is a highly effective way of 

organising structural and cultural elements in studying the motivations for and consequences of effects on 

the household RH adoption process.  However, Lifestyle is portrayed as the ultimate expression of 

consumption choice in individual households (Giddens, 1984, 1991).  Theorising consumption choice as 

‘lifestyle’ archetypes and overdetermines consumption decisions.   

While archetypes may be useful at the macro-level of analysis, they essentially reduce the diffuse process 

of decentralised environmental technology innovation to a blackbox stepwise analysis, reduction to a 

dyadic threshold that reveals nothing of the ‘lifestyle’ motivations themselves.  Despite comprehensive 

explication of the systemic elements impacting on the consumer, the reduction of the complexities in an 

individual household’s RH adoption decision to a single construct of ‘lifestyle’ reveals a myopia – what 

motivates household adoption is not well understood.  When the complex of motivations impacting on the 

household decision is reduced to the single dimension of ‘lifestyle choice’, it is ‘crunched’ to fit the theory, 

rather than reflected in the theory.   

The approach taken in this thesis reframes the household simply as a consumer exercising consumption 

choice.  RH technologies are presented simply as consumer goods.  By rejecting the theorisation of 

‘lifestyle’ as the assumed antecedent and consequence of consumption (which is post hoc ergo propter 

hoc), the focus returns to seeking patterns in the diverse and idiosyncratic motivations of the individual 

household.   
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The second criticism is that the EM perspective lacks attention focused on developing its construct 

dimensions into a coherent factor structure.  Fisher and Freudenburg (2001) argue the need for theoretical 

development of EM to be carried out in conjunction with empirical testing. The relative impacts of 

environment, governance, technological innovation and so on are not well measured in their collective 

impact on adoption of environmental technologies.  Nor are there suitable social science operationalisations 

of these constructs in the existing literature that can be modified to the present study.  This is understood 

as an artefact of the development of EM: EM developed through reflective conceptualisation of what could 

or should exist at the level of ‘idea’, but has typically failed to extend the idea to appropriate data-driven 

interrogation.   Consequently, operationalising the EM perspective is less prescribed.  This thesis requires 

robust operationalisation of environmental, social and economic constructs for the specific research 

problem of household RH adoption.   

Whereas the case study format has been selected in this thesis, case studies have been discredited for 

neglecting the rigour of more robust methods such as stochastic processes that promote reliability of 

interpretation or the identification of factor structures in the establishing the validity of motivation for EM 

(York and Rosa, 2003).  This thesis consequently addresses these limitations of case studies in two ways.  

First, a dispassionate approach to the ‘case’ is made through random sampling of households.  Second, to 

establish quantitative measures, the EM perspective is reduced to theoretically-derived constructs that are 

subjected to factor analyses to determine a factor structure.   

This form of the critique of EM has received econometric attention elsewhere (e.g. Bunker, 1996; 

Matthews et al., 2000), but equivalent attention to conceptualisation in the social sciences is absent.  To 

address empirical weaknesses in the social science of EM, Buttel’s (2000) counsel to contextualise EM 

research in more established frameworks of enquiry is acknowledged.  Buttel (2000) argues that 

connecting EM to more thoroughly developed theories of historical development and social change offers 

the potential to get a better sense of where the new theory builds on and differs from past work and where 

it does not.   
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This approach is adopted by this thesis in connecting the specific concepts developed by EM with the 

literature on diffusion of innovation (DI).  The problem of the Lifestyle construct is a particular beneficiary 

of this synthesis.  DI is a valuable complement to EM because it enriches actor-centred understanding of 

the Adopter and Adopter motivations.   

The third criticism of the EM perspective concerns the EM focus on identification of ‘issues’ rather than 

‘processes’.  Though the reality of adoption is temporally diffuse, EM has a ‘temporal blindspot’ by failing 

to address nonadoption in the presence of theorised motivators for adoption.  Simply put, adoption of a 

new technology at the community scale is not step-wise with the introduction of new policy or new 

technology at any level of the system.  Nor are innovations are not adopted instantaneously by individual 

decision makers (Ryan and Gross, 1943).  The diffuse reality of RH adoption by individual households 

does not proceed adequately from this existing conceptual framework of EM.  More fine-grained 

understanding of the temporally diffuse reality of household adoption is required.   

The EM framework in this thesis is therefore consistent with Langhelle’s (2000) and Mol and Sonnenfeld’s 

(2000) analysis that EM primarily addresses environmental problems of industrialised countries.  The core of 

the framework is a definition of EM as the implementation of innovations in production systems, processes 

and products that simultaneously produce environmental, economic and social benefits.  It is an industrial 

metabolism that is consistent with nature’s metabolism (Huber, 2000: 270).  To address identified 

weaknesses in the conceptualisation of EM the thesis incorporates Buttell’s (2000) criticism, integrating 

the EM perspective with existing theoretical perspectives of historical development and social change.  

And the methodology responds to the criticisms of Fisher and Freudenburg (2001) and York and Rosa 

(2003), by prescribing a robust, valid and reliable case study approach which is combined with appropriate 

structural analyses.   
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Ecological Modernisation and Rainwater Harvesting 

RH satisfies Huber’s (2000) definition of Ecological Modernisation.  Household RH adoptions may appear 

insignificant in the face of the existing severe and chronic systemic regional water problems.  However, 

simple analyses show the obverse.  Based on an extrapolation from Gardner’s (2006) yield modelling, and 

assuming a 10kL tank on a 150m2 catchment yield across the one million households in South East 

Queensland, an RH system connected at every household could save over 100GLPA.  Though even this 

volume remains insufficient to satisfy household demand as an alternative system of supply, RH is an 

integrative technology.  RH systems are conjunctive with other water sources, fully in keeping with the 

objectives and principles of integrated environmental problem solutions (Heggen, 2000: 142).   

The RH system, itself a complex of technologies, is recognised as a pro-environmental technology 

because it fulfils the fundamental claims of EM.  According to EM principles, more prolific RH adoption is 

intrinsic when these claims are met.  So, when households adopt a RH system, they ‘ecologically 

modernise’.  Specifically, the eco-modernising aspects of household RH adoption are: 

1. RH is an environmental innovation, operationalised as “any innovation which reduces environmental 

impacts of carrying out particular kinds of activities in terms of consuming resources, producing 

less waste and creating less environmental harm” (Clayton, Spinardi and Williams, 1999).  Marsden 

Jacob’s (2007) analyses show that RH is economically and environmentally superior alternative to 

the centralised water supply technologies of dams, desalination and recycling.   

2. RH systems themselves have ecologically modernised.  Tank technologies revolutionised through 

advances in production like HDPE rotational moulding and the application of food-grade films in 

steel tanks which increase operational life.  Advances in other RH system component technologies 

include pumps, top-up and switching devices (allowing alternating supply between mains water and 

rainwater), first-flush and rainhead diverters (allowing collection of cleaner rainwater).  The collective 

effect is a more efficient, low impact, better quality source of supply, consistent with EM principles. 



 111 of 457 

3. EM contends that pro-environmental governance and policy has a significant impact on adoption 

(e.g. Hajer, 1995; Janicke, 1991). RH is encouraged through the policy and programs: it is 

mandated for new developments and RH installation rebates provided by Queensland Government 

and regional Councils support voluntary household retrofitting of RH systems.  EM contends these 

governance incentives encourage adoption by reducing the direct cost of installation to households.   

4. Additional public policies contextualise RH policy initiatives as one element among a battery of 

policy initiatives, each of which is aimed at curbing demand on the mains water supply.  The 

escalating implementation of water restrictions is the most notable of these.  However, RH is 

distinct from other demand management initiatives because it expands the limits of the water 

supply available to households, while simultaneously reducing demand on the mains water supply 

[cf Meadows et al., 1974].   

5. The most recent development in EM is its expanded focus from command and production to 

incorporate consumption (Mol and Sonnenfeld, 2000; Spaargaren and van Vliet, 2000).  Social and 

media attention on RH and water consumption reflects a paradigmatic shift in community 

understanding of water resources in the context of population growth, sustained drought and 

forecast climate change.  Household RH installations produce social benefits.  At the household 

level consumption from the raintank is easily recognised and promotes awareness over 

consumption from the disconnected sources ‘turning on the tap’ (Cowan, 1983).  Moreover, RH 

allows households to maintain gardens in the face of water restrictions.  In addition to the 

psychological benefits of ‘garden time’, “plants run the landscape” providing insulation and 

evaporation benefits (Andrews, 2006).   Preservation of gardens in urban areas offset the social, 

environmental, and ultimately economic hazards of the built environment. 

Household RH adoptions appear no less than an idiomatic manifested confirmation of EM principles.   

The comparison of household RH with centralised alternatives to the water supply deserves closer 

attention.  The environmental advantages of decentralised RH adoption include, at the point of use, 

minimising stormwater discharge (which later requires treatment).  Household RH systems do consume 
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energy associated with pumping for internal use.  However, given the much smaller distances the water is 

moved, energy costs per kilolitre for RH are lower than other source options.  Marsden Jacob (2007: 7) 

report that rainwater tanks are more than five times as energy efficient as desalination plants per kilolitre 

of water produced.   Household RH adoption is also considered a significant environmental technology 

because it can significantly meliorate or delay centralised supply options.  FIGURE 3.4 shows the annual 

demand impact of different rainwater tank take-up schedules in South East Queensland. 

 
 
FIGURE 3.4: Annual demand impact of rainwater harvesting adoption schedules in south-east 

Queensland. 
                      Source: Marsden Jacob (2007: 27) 

Dam construction is associated with inundation of large tracts of land, with the most suitable sites for dam 

construction usually chosen first. Historically, the most suitable sites have been determined by geography, 

prioritising high yield and low construction and delivery costs.  New regional dam sites are limited, occupy 

good farm land, further disrupt environmental flows in regional river systems and make substantial 

environmental impacts through alteration of the natural landscape (Marsden Jacob, 2007: 19).  Dams also 

require a huge investment in embodied energy and have a significant lag between completion and 

effective contribution to the water supply.   
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At the direction of the Queensland Government, no EIS was conducted in the proposal for a regional 

desalination plant.  Operation of reverse osmosis desalination processes requires significant energy 

(enough to run a town) and this energy is regionally produced in coal-powered stations. Hyper saline brine 

effluent is simply returned to the ocean, creating a dead zone at the point of discharge, and unknowable 

destruction to the food and wildlife systems in the currents of Moreton Bay.  Even the establishment of 

recycling facilities is a more energy intensive supply option (both in embodied energy and operational 

use), since rainwater requires little treatment for acceptable use.  TABLE 3.1 shows the relative merit of 

RH in terms of costs of abatement of carbon emissions associated with current water supply options in 

South East Queensland.   

TABLE 3.1: Carbon abatement cost of water source options 
Source: Marsden Jacob (2007: 21) 

 

With a projected unit cost of $2.22/kL for a 10kL tank on a 200m2 roof catchment, the Marsden Jacob 

report (2007) further argues that widespread household adoption of RH is an economically superior 

alternative to the construction of new water infrastructure (dams, desalination etc) in South East 

Queensland.  “The levelised cost per kilolitre of some rainwater tanks will, prima facie, be cost competitive 

against desalination and the South East Queensland dams” and even more competitive considering these 

levelised costs “do not include externalities such as the impact on stormwater systems, avoided  
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environmental costs of inundation for dams and greenhouse gas emissions” (Marsden Jacob, 2007: 15).   

In applying EM to greater understanding of the issues that catalyse and influence household RH adoption, 

the relevance of the three tines in this theory – of product innovation, relevant governance and regulation, 

and household consumption choice – is apparent.  RH is axiomatically an industrial metabolism that is 

consistent with nature’s metabolism (Huber, 2000: 270).   

The first tine concerns pro-environmental product innovation.  RH itself is not a new concept.  However, 

CHAPTER 2 established that rain harvesting involves a cluster of technologies.  Technological innovations 

in RH system components and materials have recently burgeoned in Australia, and are relevant because 

of the contribution they make to assuring rainwater is safer and more convenient to collect, store and use.   

Essential components – the roof catchment, conveyance, storage and delivery systems – have each 

benefited from improvements in production techniques, materials and improved design since RH was last 

widespread in the region.  Developments in catchment and conveyance include the 1970s bans on lead 

flashing, and new products like colourbond which obviate leaching of chemicals in roof runoff.   Storage 

has improved markedly.  One of the most common storage devices now used, rotationally moulded food 

grade HDPE tanks, superseded the older style galvanised metal tank yielding improvements in stored 

water quality (eliminating lead-based solders), a longer effective life cycle and a comparable 

environmental impact cost of $2.90/kg for HDPE and $2.30/kg for steel (Tellus Institute of Resource and 

Environmental Strategies: 1992).  The diversity of storage sizes and shapes enables RH applications that 

site conditions might otherwise have inhibited.  Delivery system improvements include the PE-X product 

that obviates copper pipe leaching and are faster and cheaper to assemble. 

Perhaps the greatest advances are present in available peripheral system components.  The recent 

innovation of rainhead leaf diverters are self-cleaning, minimising the need for gutter maintenance.  Water 

filters have developed significantly in terms of efficacy, ease of maintenance and function.  Devices which 

allow the tank to ‘trickle top-up’ from the mains supply ensure a minimum water level for end uses 
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dependent on the tank storage.  In turn, where it became problematic that trickle top-ups may conceal 

whether ‘tank water’ was drawn from the mains supply, the most recent generation of this innovation, the 

‘Rain Reviva’ or ‘Rainsaver’ products, allow automatic switching between mains and tank water.  These 

technologies provide greater awareness and control over supplementation from the mains supply.  EM 

contends these innovations collectively make RH systems better and easier to use at the household level, 

and that these improvements encourage adoption. 

The second tine of EM, the impact of new environmental policy initiatives and governance, has had a 

significant impact on household RH adoption.  In South East Queensland, state and local governments 

facilitate the proliferation of household RH systems through a combination of ‘sticks and carrots’.  The 

‘stick’ primarily concerns the mandating of RH systems in new developments.  Concordant with the trend 

to governance, the Queensland Government brought down policy in March 2006, recommending that 

Councils mandate RH systems as part of the approval process for new dwellings and substantial 

renovations of existing dwellings.  However, it remained with the individual judgments of Councils to adopt 

this policy measure.  Twelve months later, many regional Councils have failed to enforce this measure on 

development projects and even on individual homes.   The vastly more popular ‘carrot’ takes the form of 

Queensland Government and Council rebates offered to households for retrofitting RH systems.  As 

mentioned in CHAPTER 1, the face value of these rebates (and to some extent the preconditions on 

eligibility) have varied considerably across and within individual Councils over the last few years.  This 

provides a basis for some comparison on the efficacy of rebates as a policy initiative.   

The third consideration offered by EM is for the advancement of community-led consumption reform.  In 

the micro-environment of South East Queensland, households in the eighteen LGAs spread across a wide 

range of governing regulation, individual and cultural differences and demographic variables that may 

influence household disposition to the economy, environment and society in general.  EM contends that 

private sector innovation, governance and consumption mutually influence each other in bringing about 

this transition to more sustainable lifestyles.  The significance of RH supplementation of the mains supply 

is that it actually ‘expands the limits’ to household water consumption and reduces demand on the mains, 
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as EM originally proclaimed.  This expansion of limits is a distinguishing feature of EM, and a central part 

of the value of EM in understanding RH adoption. 

Structural transformation implies major or basic technological innovations, not just incremental efficiency-

increasing change and minor modifications of existing product chains.  Polyani (1944) described the great 

transformation from traditional to industrial society, for example, as a process of disembedding the 

growing industrial system from its social and natural context.  Sustainable development, conversely, aims 

to fulfil the “economic logic of living on the yield, not on the capital” (Huber, 2000: 280).  This requires re-

embedding industrial activities in their social and natural contexts (Huber, 2000: 270) through the 

development and introduction of ecologically benign, clean resources, products and technologies.  In the 

context of the sustainability concept, the purpose of increasing efficiency is to achieve a relative, perhaps 

even absolute minimisation of resource consumption and burden on the sinks (the environmental media 

air, water and soil).  EM tells us that only part of the machinery required for this change lies in advances in 

operative technology. 

Huber argues an imperative for innovation and substitution, though substituting ecologically problematic 

material flows and innovating cleaner products and processes involves a considerable degree of science 

and research, know-how, capital, legal regulation, effective administration and political stability (Wallace, 

1995).  The paradigmatic improvement comes about only with the addition of structural change and 

capacity building, because only productive capacities can mobilise capital, labour and natural resources in 

efficient and effective ways (Huber, 2000: 273).   

Further, Huber (2000: 278) argues: “The social and human sciences come in as soon as the question is 

about how and why metabolism is caused and controlled by economic, legal, political, institutional and 

cultural factors.  These factors necessarily play an important and decisive role in any strategy of change.”   

When the focus for ecological modernisation occurs at a grass-roots level in the community, such as it 

does with the adoption of decentralised environmental technologies like household RH systems, the social 

sciences are particularly critical, because centralised notions of control are less applicable. 
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CHAPTER 4: DIFFUSION OF INNOVATIONS 

 

Chapter Overview 

Diffusion of innovation (DI) is concerned with the progressive and inherently incremental adoption of an 

idea, practice or technology throughout a population.  It includes consideration of the innovation itself, the 

avenues through which it reaches the population, and characteristics of the population.  The DI perspective 

offers significant benefits to the analysis of household RH adoption.  The two most significant are that it is 

(a) centred on the actor, and so turns the focus of the RH adoption decision to the household unit of 

analysis; and (b) that the analyses of the DI perspective are inherently concerned with the process of 

diffusion.   

CHAPTER 4 explores typical themes in the scholarly study of diffusion.  It considers definitions of 

innovation as a prelude to exploring characteristics of innovations and the extent to which the 

characteristics may be empirically established.  Diffusion as a process is then considered through 

observations of systemic patterns in diffusion, leading to the characterisation of actors and actor networks 

in diffusion.  Next, stages of adoption decisions are considered and the influence of factors beyond the 

innovation itself – such as communication channels, decision typologies and population norms are then 

added to consider the systemic influences that act on innovations as they diffuse throughout a population. 

This foundation is used to explore household adoptions of RH systems.  Issues and problems in the 

specific application of this perspective to RH adoption are considered and addressed. 

The DI literature, ironically, has been criticised for its penury of innovation, with a large portion of the 

literature concentrated in ongoing replications of a small portion of the field.  Surprisingly, although meta-

analysis shows 49% to 87% of the variance in the rate of adoption of innovations is explained by these 

properties of innovations, Everett Rogers, the father of modern diffusion study, reports that only 1% of 
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diffusion research has focused on understanding these attributes (2003: 96).  Rogers argues: “We should 

increase our understanding of motivations for adopting an innovation.  Such ‘why’ questions have seldom 

been probed effectively by diffusion researchers.” (Rogers, 2003: 115).  Rogers argues that: 

 “Diffusion studies now display a kind of sameness as they pursue a small number of 
researched issues with somewhat stereotyped approaches.  The narrow perspectives of 
diffusion scholars in an earlier era have been replaced by an unnecessary standardisation 
of diffusion research perspectives (Rogers, 2003: 40). 

This thesis takes core concepts from the DI literature – particularly the attributes of innovations that 

influence diffusion – and applies them to understanding adoption of RH systems.  In pursuit of a deeper 

understanding of the attributes of innovations, the approach taken in the application of DI theory, though 

not unprecedented, is uncharacteristic of most preceding diffusion research and does not fit clearly into 

the typologies of diffusion research summarised by Rogers (2003: 96-8).  The alternative application of DI 

theory taken here maintains its actor-centred approach (with households as the unit of analysis) with a 

particular interest in how household RH adoption decision-making processes are influenced by the 

characteristics of RH.   

While the attributes of an innovation are a core issue in explaining the adoption of innovations, the current 

state of knowledge falls short of its potential to explain how these attributes contribute to diffusion.  It is not 

only explication of an effective factor structure that has been neglected, but also effective operationalisations 

of the attributes themselves.  Flaws and confounds in the operationalisation of central DI constructs such 

as Relative Advantage hobble meaningful enquiry.  In approaching this problem, this thesis offers 

methodological refinement both to the effective operationalisations of discrete attributes and to the factor 

structure of the attributes in concert.  The objective is to work towards a parsimonious identification of the 

attributes which stand out as important in explaining the adoption of decentralised environmental 

technologies like RH systems.  This represents a significant contribution to diffusion research, since only 

one percent of diffusion studies have pursued deeper understanding of factors that actually motivate 

adoption (Rogers, 2003: 96).  The enquiry therefore responds to Rogers’ most compelling criticism of DI 

research:  “We should increase our understanding of motivations for adopting an innovation” (2003: 115).    
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Innovation 

The term ‘innovation’ has variously been used to refer to radical and/or incremental changes to ideas, 

products, processes and services.  Innovation has, moreover, been studied in a variety of contexts. There 

is, therefore, a wide range of approaches to conceptualising, operationalising, evaluating and developing 

concepts of innovation across the scholarly literature (Fagerberg, 2004).   

Where does one innovation stop and another begin?  It is important, conceptually and methodologically, 

to determine the boundaries around an innovation.  Early diffusion research typically investigated each 

innovation separately, as if it were independent of other innovations.  However, Rogers argues this 

oversimplification denies the more complex reality that “innovations diffusing at about the same time in a 

system are interdependent” (Rogers, 2003: 15).  Rogers argues that scholarly attention should be 

directed towards technology clusters.  This is particularly true, of course, for integrated technologies, and 

this thesis acknowledges this imperative.  Although rainwater tanks are iconic of RH, CHAPTER 2 

showed that RH is actually a system, comprising a technology cluster of catchment, conveyance, storage, 

treatment and end-use technologies.  Each of the technologies in each stage affects the efficacy of RH 

system.  So, the first element of operationalising innovation in this thesis recognises that the thesis is 

concerned with the innovations of the technology cluster relevant to entire RH systems, and not merely 

rainwater tanks. 

Some further ideas about the nature of an innovation are: 

• The introduction of something new; a new idea, method or device. (Merriam-Webster Online)  
• The successful exploitation of new ideas (UK Dept. for Business, Enterprise and Regulatory Reform).  
• Change that creates a new dimension of performance (Drucker, 1991)  
• The process of translating new ideas into tangible impact. Holly (2007),  
• Invention is the first occurrence of an idea for a new product or process, while innovation is the first 

attempt to carry it out into practice" (Fagerberg, 2004: 4), and, more controversially, 
• Judge Giles Rich (c1950) proposed one must have something that is "non-obvious to one of ordinary 

skill in the art", wording that was incorporated into the US Patent Act (Farrell, 1999). 
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A particular innovation may be desirable for one Adopter in one situation, but undesirable for another 

Adopter, or one whose situation differs.  This leads directly to the questions ‘When is innovation really 

innovation?’ and ‘Are all improvements innovations?’  Although most formal definitions tend to indicate 

otherwise or don't cover this angle adequately, Ross (1999) says 'No'.  Nonaka and Takeuchi (1995: 56) 

argue that: "to explain innovation, we need a new theory of knowledge creation.... The cornerstone of our 

epistemology is the distinction between tacit and explicit knowledge … [and] the key … lies in the 

mobilization and conversion of tacit knowledge." 

Across these definitions, two concepts appear to be commonly held to establish a ‘sufficiency’ of 

innovation.  The definitions suggest, firstly, that innovation is recognised qualitatively and/or quantitatively 

in its outcomes: conceptualisation without some form of transition to phenomenological reality is 

insufficient.  Without transition to phenomenological reality, simple conceptualisation might better be 

understood as “creative imagination” (Amabile, 1996).  Notably, it is also accepted that while it is often the 

implicit goal of innovation to solve a problem, an innovation may present before the anticipated problem 

has any tangible impact of its own.   

Secondly, these definitions suggest the introduction of something new, though scholars of innovation 

emphasise that ‘newness’ is not influenced by the time lapsed since its first use or discovery, i.e.: it may 

be that the innovation is simply ‘perceived as new’ or ‘new to the Adopter’ (Rogers, 2003; Turnball and 

Meenaghan, 1980; Zaltman et al, 1973).  Everett Rogers might well be described as an innovator of the 

study of innovation.  Although not the earliest individual to explore innovation, his contributions have been 

formative in unifying and shaping current perspectives on innovation.  Rogers (2003: 12) further 

elucidates the condition of ‘newness’, that: 

  “Someone may have known about an innovation for some time but not yet developed a 
favourable or unfavourable attitude toward it, nor have adopted or rejected it. ‘Newness’ of 
an innovation may be expressed in terms of knowledge, persuasion, or decision to adopt.” 

This operationalisation of innovations as ‘something new’ which is ‘demonstrated in its outcomes’ invokes 

two further common properties.  Innovations are at first, by their definition, unique or at the least, very 
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limited in their initial state.  Second, innovations have the potential to be desirable amongst a larger 

proportion of the population than the innovator alone.  It is the way in which innovations diffuse, that is, 

adopted by increasing numbers, which comprises a central focus of the scholarly study of innovations.  

Attributes of Innovations 

An innovation has two fundamental components: (a) the physical object, and (b) the information base for 

its application.  An innovation may be composed almost entirely of information, for example, the ideas 

embodied in sustainability, water sensitive urban design, or the effective use of a RH system.   

When the information base significantly dominates the physical object component of an innovation, the 

result is typically a lower degree of observability, and often, consequently, a lower rate of adoption 

(Rogers, 2003: 13). Tarde (1903/1962) conversely argues that “inner” changes precede “outer” changes – 

that there is a material lag, rather than a cultural lag because diffusion of an idea precedes the diffusion of 

a tangible manifestation of the idea.  Programmatic innovations are thought to be more subject to 

alteration during implementation than technological innovations (e.g. Pelz and Munson, 1982).  It would, 

therefore, be prejudicial to assume that a diffusion of the relatively abstracted concept of sustainability 

predicates the adoption of RH systems, whereas consideration of adoption of RH systems themselves, 

axiomatically does precede their adoption.   

CHAPTER 2 showed that the idea of RH is not a new concept.  Is RH, therefore, an innovation?  Four 

arguments support an assertion that it can be studied as a valid innovation.  First, the thesis is concerned 

with the innovations of the technology cluster relevant to entire RH systems.  Therefore, whereas RH itself 

is not a new idea, the technology cluster of the RH system is.  The argument that the RH system cluster 

constitutes an innovation is supported by the second argument: that ‘innovation’ may refer to radical 

and/or incremental changes to ideas, products, processes and services.  The rapid development of 

technologies in the RH system cluster includes a combination of emergent technologies and modifications 

to existing technologies – both of which satisfy our definition of innovation.  Third, we recognise that 
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‘newness’, a key component of innovation is not influenced by the time lapsed since its first use or 

discovery, that the innovation may be ‘new to the Adopter’ (Rogers, 2003: 12).  This third argument is 

augmented by the context of governance conditions in the study area, by which rainwater tanks were 

removed, banned and refused in planning permissions across South East Queensland until quite recently.  

Permissions for RH system installation are, therefore new to the Adopter in a very real regulatory sense.  

Fourth, the correspondingly recent mandating of rainwater tanks in new developments and the new 

environmental policy initiatives rebating costs for rainwater system installations, effectively constitute a 

new idea, and therefore are relevant to the argument of RH as a technology cluster. 

Rogers identifies that the properties of innovations themselves have implications for adoption, influencing 

the likelihood and the rate of adoption.  Research into the more fundamental properties of innovations 

therefore required the development of a theoretical foundation for such research, including the adequate 

definition and measurement of constructs.  The major problem of specifying these attributes is how to 

classify items so that the results obtained are generalisable to other items (Katz, Levin and Hamilton, 

1963: 243).  Katz, Levin and Hamilton argued that “the trouble is that nobody is quite sure what 

dimensions of an item are relevant and very little research has been done to try to find out” (1963: 244).  

Measuring such perceptions has been termed a "classic issue" in the innovation diffusion literature, and “a 

key to integrating the various findings of diffusion research (Tornatzky and Klein, 1982), yet Rogers (2003: 

96) reports forty years later, that only 1% of diffusion research has focused on these attributes of innovations.   

One of the earliest studies of attributes of innovations as factors in diffusion was Fliegel and Kivlin’s (1966) 

study based on interviews with 229 farmers on adoption of 33 farm equipment innovations.  Through a 

‘purposive’ sampling process, they used sample homogeneity of the personal, social and situational 

variables that impact on the diffusion as a control measure.  Fliegel and Kivlin considered fifteen attributes 

of innovations.  Four of these considered cost and economy elements.  They also considered social 

approval obtained through adoption, savings of time and discomfort, a clarity and regularity of results akin 

to validity and reliability, divisibility for trial, pervasiveness – that adopting the innovation may lead to 

further innovations, complexity, relevance to the farmers industry (dairy), and finally, mechanical appeal of 
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the innovation.  Fliegel and Kivlin identified correlations among these attributes, but did not progress to a 

more complex analysis of how these attributes motivated adoption. 

Rogers (2003) argues that in meta-analyses of several thousand innovation studies across a range of 

disciplines in diffusion research, five properties of innovations are identified as factors that influence 

adoption of the innovation.  Rogers identifies these constructs as: ‘Relative Advantage’, ‘compatibility’, 

‘complexity’, ‘trialability’ and ‘observability’.  Rogers argues these five constructs have been “widely used 

for the past fifty years” (2003: 223) and that 49% to 87% of the variance in the rate of adoption of 

innovations was variously explained by these five properties of innovations (Rogers, 2003: 221).   

Relative Advantage is the most significant predictor in Rogers’ analysis. Relative Advantage is the degree 

to which an innovation is perceived as being better than its precursor.   It is multidimensional since it 

constitutes the household’s perception of any advantages conferred by adoption, including, for example, 

economic, social prestige, convenience and satisfaction influences and outcomes.  Rogers additionally 

explains that the perception of the Adopter that the innovation will provide these benefits is a more 

important factor than any ‘objective’ assessment of these advantages.  The relationship is positive: the 

greater the Relative Advantage perceived in a RH system, the more likely is adoption (Rogers, 2003).   

RH at the household level offers many potential advantages.  Just as a particular innovation may be 

desirable for one Adopter in one situation, but undesirable for another Adopter, or one whose situation 

differs, the advantages that a household recognises in a RH system may vary from household to 

household.  Whereas it is accepted that advantages conferred by RH make its adoption more likely, this 

unfortunate confluence of all of the advantages that a household obtains from adoption into a single 

dimension of an innovation requires deconstruction.  More fine-grained analysis to establish the particular 

advantages that are perceived by households in RH adoptions are necessary to help establish the relative 

universality (or idiosyncrasy) and the strength of impact of economic, environmental, independence and 

other advantages.  
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Economic variables are, undoubtedly significant in explaining why an innovation is adopted.  Griliches 

(1957) explained about 30% of adoption variance on the basis of profitability in his study of aggregated 

district reporting data on hybrid corn adoptions.  The diffusion literature includes subsequent debate over 

the relative importance of ‘profitability’ or other variables directly linked to economic feasibility in the 

adoption process.  Griliches concluded: “It is my belief that in the long run, and cross-sectionally, 

[sociological] variables tend to cancel themselves out, leaving the economic variables as the major 

determinants of the pattern of technological change.” (Rogers 1983: 214).  Yet Griliches’ study did not 

feature the Adopter as unit of analysis.  Rogers argues in rebuttal: “Perhaps if Dr Griliches had ever 

personally interviewed one of the Midwestern farmers whose adoption of corn he was trying to understand 

(instead of just statistically analysing their aggregated behaviour from secondary data sources), he would 

have understood that farmers are not 100 percent economic men.” (Rogers 1983: 215).   

Rogers identifies compatibility, the second major attribute of innovations, as the degree to which an 

innovation is perceived as being consistent with existing values, past experiences and needs so that 

compatible, rather than alien technologies and values are typically easier to accommodate and more likely 

to be adopted.  Reactions to an innovation may be modified by the way the innovation is presented, and 

how it relates to existing beliefs and past experiences of potential Adopters (2003: 219).  Adoption is more 

likely when the innovation is compatible with the values, beliefs and expectations of the household – and 

not, therefore, as grand as a new value system or a choice among competing lifestyles (Rogers, 2003).  

Adopting a RH system does not require the household to make a choice to discontinue use of mains 

water.  That is a ‘plus’ for its compatibility.  However, it a rainwater tank often requires space in the yard, 

which the ABS 4602.0 (2005) identifies as an inhibitor of adoption: sacrificing this yard space may not be 

compatible with the other values of the household. Other siting constraints may make a rainwater tank less 

compatible with the physical aspects of the household, such as regulated space to the property boundary 

or positioning of downpipes from the roof catchment area.  Chreseological impacts (i.e. consideration of 

the cognitive, affective and behavioural burden) that adoption places on the household is important in 

household estimation of compatibility (Rogers, 2003).  If the household figures too much extra maintenance  
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is required, the system may be judged as incompatible. 

The remaining dimensions of innovations are decreasingly significant in their impact on adoption.  

Complexity is the extent to which an innovation is perceived as difficult to understand and use.  

Innovations tend to adopt more slowly if they are perceived as too complex.  Retrofitting a RH system into 

existing household plumbing, or component technologies such as filters and disinfection may increase a 

perception of the complexity of establishing a RH system.     

Rogers’ concept of Trialability was undoubtedly influenced by the early influence on diffusion research of 

the discipline of rural sociology and agricultural extension.  Since its original operationalisation as a literal 

trial, it has, nevertheless, has also been shown to influence adoption, where the innovation may be 

experimented with on a partial basis, even vicariously (Rogers, 2003).   

Observability, finally, concerns whether an innovation, once adopted, is observable or visible to other 

potential Adopters.  Whyte (1954) discovered that air conditioners (displayed in home windows) were 

proximally adopted.  Similarly, Rogers and others (1979) found that installations of solar panels on a 

house not only were actively shown (or ‘shown off’) to peers, but tended to occur in spatial clusters, which 

he attributed to their visibility. 

Rogers’ contribution to the development of a theoretical foundation of attributes of innovations, while 

central, was not unchallenged.  Despite maintaining a claim they are conceptually distinct, Rogers 

conceded the dimensions are not discrete: “Each of these [constructs of adoption] is somewhat empirically 

interrelated with the other four.” (1983: 211).   The uncertain factor structure is recognised at a statistical 

level.  Rogers observes (1983: 234) “As yet, there has been very little diffusion research designed to 

determine the relative contributions of each of the five types of variables.”   

Beyond Rogers', a host of researchers have proposed additional attributes of innovations which were 

thought important in diffusion of an innovation.  Several proposals have been influential.  Tornatzky and 

Klein (1982) identified the ten most frequently addressed attributes of innovations in the 105 articles they 
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reviewed. These included the five attributes identified above by Rogers, plus Cost, Communicability, 

Divisibility, Profitability, and Social Approval.  In their discussion of these attributes of innovations, 

Tornatzky and Klein noted that Communicability was closely related to Rogers’ Observability construct, 

and Divisibility to Rogers’ Trialability construct.   

Holloway (1977) raised the notion of status conferral, defined as "the degree to which use of an innovation 

is perceived to enhance one's image or status in one's social system".  Whereas Rogers argued that 

"undoubtedly one of the most important motivations for almost any individual to adopt an innovation is the 

desire to gain social status" (Rogers, 1983: 215), he subsumed this as yet another advantage aspect of 

his Relative Advantage construct.  Holloway (1977) and Tornatzky and Klein’s 1982 review therefore 

provide precedents for deconstructing Rogers’ Relative Advantage into more specific components. 

Additionally, Moore and Benbasat (1991) deemed another construct to be vital – Voluntariness, defined as 

"the degree to which use of the innovation is perceived as being voluntary, or of free will".  When 

examining the diffusion of innovations, consideration must be also given to whether individuals are free to 

implement personal adoption or rejection decisions. For example, use of a particular innovation may be 

mandated, such as the use of seat belts or rainwater tanks in new developments. Such policies take the 

freedom of choice of rejection or adoption out of individuals' hands. Furthermore, common sense and 

experience indicate that there otherwise tend to be degrees of voluntariness. While it might be assumed 

that ‘voluntary’ adoption exists where it is not strictly mandatory, some Adopters may in fact feel a degree 

of compulsion (Moore and Benbasat, 1991: 196).  As with most attributes of innovations, it is often not 

actual voluntariness which will influence behaviour, but rather the perception of voluntariness.  Moore and 

Benbasat’s perspective on this factor has some interesting implications for the adoption of RH systems, 

given that the adoption decision for retrofitted RH installations is ostensibly voluntary. 

Reflecting on the conceptual and methodological decisions associated with supplementation of Rogers’ 

five attributes of innovations, it is noted that in statistical analyses, the extraction of factors is a process 

that involves the exercise of judgement over the intended discriminance or inclusiveness of individual 
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factors.  Rogers’ (1983) inclusion in the Relative Advantage attribute, both of Cost and Holloway’s concept 

of Image, demonstrates this. As an exercise of judgement, there is a relativity, but not an objectivity, in the 

decision for such an aggregation or disaggregation.   

Relative Advantage has significant appeal as a concept that is broadly generalisable across diverse 

applications of diffusion research.  With this perspective, wanton disaggregation could lead to a plethora of 

scales and terms, all of which could be subsumed under the idea of Relative Advantage.  Kearnes (1992), 

for example, proposes no fewer than twenty-five attributes.  Together, these twenty-five explained 27% of 

the variance in rates of adoption in Kearns’ study, though 26% was explained by Rogers’ five attributes 

alone.   

Tornatzky and Klein (1982: 34) argue, however, that if "Relative Advantage is measured in terms of 

profitability, or social benefits, or time saved, or hazards removed, why bother to refer to Relative 

Advantage at all?"  Moore and Benbasat (1991: 197-8) concur: “Traditionally, the construct has not been 

well explicated nor measured, which has led to it becoming a "garbage can" into which a variety of 

advantages can be tossed.”   

It seems prudent to retain Relative Advantage for its generalisability in the sense of developing a generalised 

framework of innovation attributes.  But it is equally prudent to identify the characteristic attributes of 

innovations with greater specificity where they have relevance for that innovation.  CHAPTER 5 argues the 

broad influences constituting the Relative Advantage attribute obfuscate more fine-grained understanding, 

and that many of these influences are better explained in the proposed synthesis with EM theory. 

The second issue that is worthy of consideration in terms of the supplementation of Rogers’ factors 

concerns  Rogers' basing the factors on perceptions of the innovation itself, and not on perceptions of 

actually using the innovation.  As argued by Ajzen and Fishbein (1980: 8), however, attitudes towards an 

object can frequently differ from attitudes toward a particular behaviour concerning that object.  The 

relevance to the study of innovations is clear. Innovations diffuse because of the cumulative decisions of 
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Adopters to use them.  It seems reasonable to assert that the consideration given to adoption of an 

innovation would concern its use, rather than its mere acquisition. Thus, it is not the potential Adopters' 

perceptions of the innovation itself, but rather their perceptions of using the innovation that are key to 

whether the innovation diffuses.  Moore (1987) argues that the perceived attributes of innovations can 

easily be recast in terms of using the innovation.  This conceptual modification of Rogers’ approach to 

attributes of innovations does refine, but does not conflict with his established attributes.  It is also 

reasonable to assert that these perceptions may change with the actual use of the innovation.  Moore and 

Benbasat (1991) therefore include a post-adoption assessment, which they call Demonstrable Benefit.  

Demonstrable Benefit effectively checks the adoption reality of the innovation against the pre-adoption 

expectations of its performance. 

Following revision of supplementary attributes to the five proposed by Rogers, conceptual redefinition and 

reoperationalisation of the attributes of innovations appropriate for this study were considered.  Relative 

Advantage and Complexity were redefined and five new attributes of innovations considered appropriate 

for inclusion.  The first four of these new attributes are Cost and Economy, with cost representing an 

upfront expense and economy representing an ongoing financial effect (Griliches (1957; Tornatzky and 

Klein, 1982); Image (Holloway, 1977); and Voluntariness and Demonstrable Benefit (Moore and Benbasat, 

1991).  Relative Advantage was subsequently redefined and operationalised to position RH technologies 

against other water provision technologies, an operationalisation closer to the semantic implication of the 

construct.  In addition, Davis’ Technology Acceptance Model (TAM), which was introduced in a doctoral 

thesis in 1986 and first published in 1989, is quite similar to a diffusion of innovation model. Davis included 

two constructs, Perceived Usefulness and Perceived Ease of Use, which he defined as follows (1989):  

Perceived Usefulness:   The degree to which an individual believes that using a particular 
system would enhance his or her job performance.   

Perceived Ease of Use: The degree to which an individual believes that using a particular 
system would be free of physical and mental effort.  

The similarities between these constructs and Rogers' perceived Relative Advantage and perceived 

Complexity are clear.  A further decision was made to include and develop Davis’ (1989) Ease of Use 
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because this construct further developed Moore’s (1987) argument, that attributes of innovations can 

easily be recast in terms of using the innovation.  The Ease of Use attribute is discriminated from the 

Complexity attribute by applying Ease of Use to post-adoption expectations of use of the innovation 

cluster.  Complexity was consequently redefined and operationalised as (RH) System Sophistication, so 

that it was concerned with the wide range of possible applications of a RH system, ranging from say, a 

gravity fed system used for garden watering to a system that supplies whole-of-household needs, 

integrated with internal plumbing and so requiring additional component technologies like pumps, filtration 

and disinfection.  A decision was made to include these supplementary attributes in the interest of 

discerning greater specificity in the adoption decision.  It may be that they simply cannibalise the variance 

otherwise attributable to Relative Advantage or Complexity.  However, if they are not subjected to 

separate statistical analyses, it cannot be concluded whether or not they are discrete constructs of the 

adoption decision.   

Existing Measurement Instruments 

Prior to developing the survey instrument, the literature was searched for tests or scales that were already 

developed.  Rogers’ concession that the dimensions are not discrete: “Each of these [constructs of 

adoption] is somewhat empirically interrelated with the other four” (1983: 211), and his concession that “as 

yet, there has been very little diffusion research designed to determine the relative contributions of each of 

the five types of variables” (1983: 234) both flag a penury of psychometric development of these attributes 

of innovations in the research literature.  Rogers and his colleagues revealed that they were aware of very 

few studies which had explicitly measured the five attributes as defined by Rogers (Rice, 1987).  Additionally, 

Hurt and Hubbard (1987: 2) reported that measurement of these factors to date had been "troublesome" 

and that the "relationships among innovation characteristics have not been systematically investigated."   

Those studies that explicitly discussed psychometric development were then evaluated in terms of their 

relevance, validity and reliability.  Among the first to explicitly use Rogers' taxonomy was Ostlund (1969).  

In his doctoral thesis he included Rogers' five factors in a study of the adoption of a variety of new 
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consumer goods. The scales in his study, however, used only two items per perceived characteristic, with 

no reliability coefficients reported.  Bolton (1981) extended Ostlund's instrument to examine perceptions of 

videotext technology.  By adding new items, he eventually had approximately five items for each scale, 

though the psychometric properties of the instrument remained below levels deemed appropriate for wider 

use. Moore and Benbasat (1991: 196) report that: “of 18 Cronbach's Alpha coefficients from three different 

replications of the survey, only four were above 0.80.” Of these, three were for the same factor - 

Compatibility.  

Holloway (1977) also used Rogers' taxonomy and developed his own scales. Nevertheless, 

operationalisation of the constructs in this study still appeared to be inadequate in that factor analysis 

revealed that several items which ought to have loaded separately on either Relative Advantage or 

Compatibility loaded on the same construct (Rogers, 2003).   

Hurt and Hubbard (1987) attempted to create an instrument based directly on Rogers' classification. 

Although high reliability figures were obtained for Complexity and Compatibility, with Cronbach’s alpha 

coefficients of 0.93 and 0.86 respectively, the subsequent factor analysis did not support the overall 

classification, with Relative Advantage, Rogers’ principal factor, failing to emerge, and an additional 

confluence of Trialability and Observability. 

Davis (1986) undertook an instrument development process resulting in two scales with eventual 

reliabilities in excess of 0.90 for each.  The TAM has had reasonably widespread use in the research 

addressing the diffusion of information technologies.  However, because it was developed for this specific 

application, its use was limited for application to RH. 

The most influential of existing instruments is that developed by Moore and Benbasat (1991).  Their 

comprehensive approach to the psychometric development of an instrument specific to their enquiry (use 

of computers at work) was moderated by a desire to produce an instrument generalisable to other fields of 

enquiry.  Moore and Benbasat concluded eight dimensions in accounting for how the attributes of an 
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innovation contribute to the proliferation of its adoption (TABLE 4.1).  Note that the two alpha coefficients 

represent split half analyses.   

TABLE 4.1: Innovation characteristics: Alpha coefficients and construct operationalisations. 
                    Source: Moore and Benbasat (1991: 206, 216) 
 

 

Innovation Characteristic Items Alpha Coefficient Construct Operationalisations 
 

Voluntariness 4 0.82 0.87 The degree to which the use of the adoption is perceived as being 
voluntary. 

Relative Advantage 9 0.95 0.92 The degree to which the use of the adoption is a benefit in one's job 
Image 5 0.79 0.80 The degree to which the use of the adoption enhances one's image or 

status within the organization. 
Compatibility 4 0.88 0.83 The degree to which use of the adoption is compatible with, or 

requires change, in one's job. 
Ease of use 8 0.81 0.80 The degree to which the adoption is easy to learn and use. 
Result Demonstrability 4 0.81 0.77 The confidence with which the effect of adoption may be 

communicated 
Visibility 4 0.72 0.73 The ability to observe the impact of the adoption elsewhere 
Trialability 5 0.73 0.71 The degree to which it is possible to try using the adoption. 

It is premature to provide a set of innovation attributes from the preceding discussion.  Most comparative 

studies with large samples have examined short lists of predictor variables.  Consequently, little is known 

about the relative influence of predictors (Baldridge and Burnham, 1975; Kimberly and Evanisko, 1981), 

and virtually nothing about how they interact (Downs and Mohr, 1976; Meyer and Goes, 1988).  Attributes 

relevant to the thesis enquiry are further adapted through integration with EM perspectives in CHAPTER 5, 

and more comprehensively operationalised in CHAPTER 6, together with subsequent item development. 
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Diffusion of Innovations  

Meyer and Goes (1988: 897) offer the following critique of our understanding of DI:  

Why and how do organisations evaluate, adopt and implement innovations?  Few research 
questions have spanned so many social science disciplines, elicited such an outpouring of 
empirical research and yielded so few unequivocal findings.  The literature on innovation 
has been described as “fragmentary” (Kelly and Kranzberg, 1978: 164), “contradictory” 
(Kimberly and Evanisko, 1981: 698) and “beyond interpretation” (Downs and Mohr, 1976: 
700).  No real theory has emerged that permits researchers to predict the extent to which a 
given organisation will employ a given innovation (Mohr, 1982).  The literature offers little 
guidance to those seeking to influence the rate or direction of technological change 
(Tournatsky et al, 1983).  From both theoretical and practical perspectives, our cumulative 
knowledge of why and how organisations adopt and implement innovations is considerably 
less than the sum of its parts. 

Despite this failure of the gestalt, the maxim ‘divide and conquer’ continues to be applied to the Sisyphean 

task of understanding diffusion of innovations.  DI research is defined as “the process by which an 

innovation is communicated through certain channels over time among the members of a social system” 

(Rogers 2003: 11).  There are five key variables in this definition: (1) the innovation, (2) being 

communicated through (3) certain channels (4) over time, among (4) the members of a social system.  The 

preceding section established that innovations could be understood in terms of their attributes, and that 

these attributes moderated the adoption of the innovation cluster.  This definition of DI confirms that 

variables beyond the innovation cluster itself also moderate adoption. 

More than a century ago, French lawyer, judge and forefather of sociology, Gabriel Tarde, originally 

claimed that the most basic and fundamental explanation of human behaviour change was based on a 

sociological aggregation of small psychological interactions among individuals, especially imitation 

(diffusion) and invention (innovation): “Invention and imitation are, as we know, the elementary social acts” 

(Tarde, 1903/1969: 178).  Tarde observed and published generalisations about the diffusion of 

innovations, calling these “the laws of imitation” (Tarde, 1903/1962).   
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Tarde aimed to understand “Why, given one hundred different innovations conceived at the same time – 

innovations in the form of words, in mythological ideas, in industrial processes etc – ten will spread abroad 

while ninety will be forgotten” (Tarde, 1903/1962: 140).   

Tarde made several key discoveries in the diffusion field.  Social change (diffusion through society), he 

argued, followed a recognisably consistent pattern which was characterised by “a slow advance in the 

beginning, followed by a rapid and uniformly accelerated progress, followed again by progress that 

continues to slacken until it finally stops: These are the three ages of … invention.  If taken as a guide by 

the statisticians and sociologists, [they] would save many illusions.” (Tarde, 1903/1962: 127).  Tarde had 

recognised what is now commonly referred to as the S-Curve of diffusion (FIGURE 4.1).  Tarde also 

recognised diffusion as a process that occurred along social networks and identified the role of opinion 

leaders in accelerating diffusion.  He recognised the adoption or rejection of innovations as a crucial 

variable, and that with similarity of an innovation to currently accepted ideas, adoption is more likely.  

However, Tarde’s insights lay dormant for half a century. 

      
 
 

FIGURE 4.1: The S-curve of diffusion. 
                      Original graphic 

DI research recommenced in independent intellectual enclaves across different disciplines in the 1940s 

and 1950s.  As similarities like the S-Curve appeared in separate diffusion activity, Rogers’ original 

Diffusion of Innovations publication (1962) aimed “to describe a general diffusion model and to argue for 

greater awareness among the various research traditions” (Rogers, 2003: 39).   
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Whereas as Katz, Levin and Hamilton (1963: 240) argued that diffusion research appeared to have been 

“independently invented” across disciplines, Rogers and Shoemaker (1971) identified, by comparing 

cross-disciplinary citations in published research, that the “formerly impenetrable boundaries between the 

diffusion research traditions had started to collapse.  This trend towards a cross-disciplinary viewpoint in 

diffusion research grew, and continues today.  The wealth and volume of cross disciplinary diffusion 

studies have revealed a remarkable degree of commonality in the diffusion process.  The extent of this 

commonality is valuable, because the attributes of innovations proposed by Rogers have been broadly 

confirmed in this process.  It also reveals that there are reliable systemic issues in the diffusion process, 

independent of the particular innovation or innovation cluster to which it pertains, that also affect diffusion.   

Following through the key variables in the definition, and having addressed the attributes of the innovation, 

we turn to how, (2) over time, (3) the members of a social system (4) process communication on an 

innovation, which is obtained through (5) certain channels, respectively.  This definition reveals and allows 

consideration of the commonalities apparent in the characteristics of the members of a social system, the 

progressive nature of diffusion, the adoption decision process and communication and communication 

channels.  The point is made that, whereas these factors are also recognised as significant and the role 

they each play is a part of the overall assessment of household decision making pursued in this thesis, 

they have already attracted scholarly attention elsewhere.  The central aim of this thesis lies in 

understanding the effects of the innovation cluster itself.   

Innovations, and even more so, adoption of innovations do not spread throughout a population 

instantaneously. The S-Curve of diffusion that Tarde had recognised replots a standard Gaussian (bell) 

curve, so that the Y-axis is a cumulative measure of adoption, rather than the frequency of adoption used 

in the bell curve (see FIGURE 4.2).  Sixty years after Tarde’s discovery, Rogers (1962) popularised the 

recognition that adoptions spread through populations in the S-Curve.  Rogers further developed the idea 

that each innovation follows its own paths of diffusion along the curve.  This provided that the shape of the 

curve varies with saturation of the innovation and differing rates of adoption: rapid diffusion is marked by a 

steep curve, sluggish diffusion graphs as a shallower curve, or more precisely, the shape of the curve is 



 135 of 457 

determined by the speed at which adoption takes off, and the speed at which later growth occurs.  A host 

of factors further influence this interaction, for example a cheaper technology might have a higher initial 

growth, facilitating faster adoption earlier, while a technology that has network effects (such as the world 

wide web, where the value of the item increases as others get it) may drive faster later growth. 

 
 

  

FIGURE 4.2: The bell-curve and S-curve of diffusion. 
                      Original graphic 
 

In addition, Rogers (1983) theorised that ‘standard deviations’ of the Adopters of any new innovation or 

idea could be progressively and respectively categorized into discrete groups.  First, as Innovators (the 

first 2.5%), then Early Adopters (the next 13.5%), Early Majority (the next 34%), coming to the mid point of 

the population, followed by the Late Majority (the next 34%) and the Laggards (the final 16%), as the 

adoption of innovation spread throughout the population (see FIGURE 4.3).   

 
 
FIGURE 4.3: Adopter categories on the bell curve. 
                      Source: http://www.s-m-a-r-t.com/SMARTForecasting.htm SMART (2006)  
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Rogers further theorised on commonalities apparent in the characteristics of these groups as members of 

a social system, that the different characteristics of each category of Adopters would broadly be reflected 

by differing sets of factors that motivated that category of Adopters. In the decades of diffusion research 

since, Rogers notably identified that approximately 58% of diffusion research in this period focused on 

these characteristics (2003: 96), and features attributed to each category of Adopter have formed them 

into archetypes which are characterised as: 

• Innovators - venturesome, educated, multiple info sources, greater propensity to take risk 
• Early Adopters - social leaders, popular, educated 
• Early Majority - deliberate, many informal social contacts 
• Late Majority - sceptical, traditional, lower socio-economic status 
• Laggards - neighbours and friends are main info sources, fear of debt 

Rogers’ category archetype of Innovators, comprising 2.5% of a population, appears to rebuff the ‘unique’ 

nature that featured in the operationalisation of innovation.  The ‘innovator’ nomenclature remains 

acceptable for three reasons – first, because it is only a name given to this group; second, because these 

very early Adopters can, and often do adopt an innovation in isolation from each other; and third, at two or 

more standard deviations out from the mean, they are distinct from those that follow, as evidenced by the 

ongoing replication of the characteristics of the archetype.  One of the most important characteristics of 

the Innovator archetype is that they require a shorter adoption period, i.e. the time they require to consider 

adoption of the innovation than any other category (Beal and Rogers, 1960).  Rogers (2003) identifies 

several additional characteristics dominant in the innovator type.  They tend to be (1) venturesome, 

demonstrating a desire for the rash, the daring, and the risky.  (2) They exercise control of substantial 

financial resources to absorb possible loss from an unprofitable innovation. (3) They command the ability 

to understand and apply complex technical knowledge, and (4) the ability to cope with a high degree of 

uncertainty about an innovation. They are (5) active seekers of information on new ideas, have (6) a high 

degree of mass media exposure, and (7) their interpersonal networks extend over a wide area, reaching 

outside their local system (Rogers, 2003: 22).  However, they may also be perceived as deviant and 

accorded low status by the average members of their social system (Rogers, 2003: 26).  It is also 
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recognised that an individual’s classification in the Innovator archetype for any one particular innovation 

does not necessarily translate to classification as an Innovator with respect to the diffusion of other 

innovations.  This is true for other categories of adopters, also. 

The characteristics of other archetypes are similarly replicated and well understood.  Rogers (2003) 

identified in the Early Adopters characteristics including (1) their integration as part of the local social 

system, (2) in which they exercise the greatest degree of opinion leadership in most systems, (3) and 

often serve as role model for other members or society.  They are typically also (4) respected by peers, 

and (5) successful. Whereas the Innovators are the first to adopt, they remain marginalised in their 

valuation of an innovation.  As Tarde (1903/1962) recognised, it is not until the Early Adopters (who are 

also opinion leaders) begin adoption that adoption of the innovation accelerates, reflecting Tarde’s notion 

of imitation.   

Rogers (2003) identified the Early Majority archetype tends to (1) interact frequently with peers, (2) though 

they seldom hold positions of opinion leadership.  (3) They constitute one-third of the members of a 

system, making the early majority the (equally) largest category, and they (4) deliberate before adopting a 

new idea.  

The Late Majority Rogers identified also (1) constitute one-third of the members of a system, though they 

are (2) more subject to pressure from peers, (3) driven by economic necessity, being of lower socio-

economic status, (4) sceptical, and (5) cautious.  They make (6) less use of mass media channels and (7) 

learn about most new ideas through interpersonal communication (Rogers, 2003: 22). 

The final group of Adopters, Rogers (2003) identified that Laggards: (1) possess no opinion leadership, (2) 

tend to be isolated, (3) fixing their point of reference in the past.  They are generally (4) suspicious of 

innovations, (5) and consequently their innovation-decision process is lengthy, and (6) that their activity 

may be subject to limited resources.  

Inevitably, each Adopter learns of an innovation through some form of communication.  When an  
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individual transfers a message to a recipient, we may consider the isolated message to be a one-way act.  

However, when the context of that message is also considered, what existed before the exchange, and 

what follows from it, then rather than a one-way linear action, communication is a two-way process of 

convergence (Rogers and Kincaid, 1981).  Rogers argues that diffusion is a special type of 

communication, in which the messages are about a new idea, and that newness consequently invokes 

uncertainty in the communication.  An innovation usually has at least some benefit to potential Adopters, 

but this advantage is not always clearly discernable.  Moreover, “they [immediately] are seldom certain 

that an innovation represents a superior alternative to the practice it would replace …. Thus, the 

innovation decision process is essentially an information-seeking, information-processing activity in which 

an individual is motivated to reduce uncertainty about the advantages and disadvantages of the 

innovation” (Rogers, 2003: 14).   

Rogers also argues that “diffusion is a kind of social change, defined as the process by which alteration 

occurs in the structure and function of the social system” (Rogers, 2003: 6).  Diffusion investigations show 

that most individuals do not evaluate an innovation on the basis of scientific studies of its consequences 

(Rogers, 2003), although such objective evaluations are not entirely irrelevant, particularly to the very early 

Adopters.  Instead, most people depend on the subjective evaluation of an innovation obtained from other 

Adopters (and Nonadopters).  “This dependence on the experience of near peers suggests that the heart 

of the diffusion process consists of … modelling and imitation” (Rogers, 2003: 19).   

The sources of information that Adopters consider, and the value they attach to each has also been 

comprehensively studied.  The Bass Model (Bass, 1969) of marketing communications, one of the most 

widely utilised theoretical models in marketing, contends that potential Adopters of an innovation are 

influenced by two types of communication channels: interpersonal and mass media.  Individuals adopting 

a new product because of a mass media message are concentrated in relatively early time periods, and 

tail off to a residual effect throughout diffusion across the population.  Bowers (1938) was the first 

researcher to identify that interpersonal channels are more important for later Adopters than mass media 

channels.  Conversely, adoptions that occur as a result of interpersonal communication expand in 
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frequency during the first half of the diffusion process and are more significant across later adoption.  Of 

course, interpersonal channels also decline in the latter stages, creating the bell shaped curve (FIGURE 

4.4) as the innovation reaches a saturation of adoption.   

An important aspect of FIGURE 4.4 is that is omits the Innovators and to some extent the Early Adopter 

stages in its conceptualisation.  In pragmatic terms, this is consistent with Bass’ orientation, since the cost 

and inertia of the marketing engine is generally not feasible before opinion leaders have started to shift the 

innovation into wider attention.  Although Bass developed the model based on the Riccati differential 

equation, a less technical interpretation of the curves shown below is that for the relatively early adoptions 

with which it is concerned, there are few others with experience of the innovation to personally 

communicate with, whilst later Adopters need not rely on mass media because they have sufficient access 

to more trusted, localised or interpersonal sources of information. 

 
 
FIGURE 4.4: Bass Model showing mass media- and interpersonally-led adoptions. 
                      Source: Adapted from: http://en.wikipedia.org/wiki/Bass_diffusion_model 

Whether awareness of the innovation is obtained through interpersonal or mass media sources, the 

adoption decision exercised by each Adopter category archetype is essentially a similar process of 

acquiring and processing information about an innovation.  The most significant difference in the decision 

making of these archetypes is the length of time taken to acquire and process information, Rogers’ 

‘adoption period’.  Rogers identifies that the adoption period takes time while information on the innovation  
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is collected and evaluated by the potential Adopter, even if the end result is rejection of the innovation.   

The adoption decision process 

The notion of stages in an innovation decision process was proposed by Ryan and Gross (1943).   The 

stages denote a process that occurs over time, and that consists of a series of different actions.  Most 

diffusion research that has probed the adoption decision has arrived at similar stage models, though some 

differences among these conceptions are apparent.   

Some theorists have questioned the validity of stage models (Mintzberg, Raisinghani and Theoret, 1976; 

March and Olsen, 1976; Witte, 1972).  Although available evidence is scant, stage models seem more 

applicable to innovations embodied in concrete products than to those embedded in adaptable processes 

(Pelz and Munson, 1982).  They also seem more applicable to innovations triggering routine behaviour 

(Norman, 1971).  These factors suggest that a stage model is appropriate for investigating RH adoptions. 

Gollwitzer (1990) suggested chronological transit of a pre-decision, a pre-action, action, and post-action 

phases which correspond to: (a) setting preferences among competing wishes and turning a wish into a 

chosen goal and commitment to achieve the end state; (b) the volitional task of promoting goal directed 

actions by instigating goal-directed behaviours before the situational elicitation of habitual behaviour; (c) 

the volitional task of bringing goal directed actions to a successful result; and (d) evaluating what has been 

achieved versus what was desired.   

Heckhausen (1991) similarly suggests three tasks: (a) maintaining the intention until a suitable action 

opportunity is encountered, (b) initiating the action when the opportunity is met, and (c) investing additional 

energy to overcome unanticipated action barriers when performing the behaviour.  The higher the 

incentives for performing a behaviour, the more people overcome the volitional problem of action initiation, 

for example by stimulating themselves to form an implementation intention. 

Similar to the models of barriers to adoption of more sustainable consumption practices presented in 
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CHAPTER 3 by Gollwitzer (1990) and Heckhausen (1991), Rogers proposed a five stage model to 

explicate the process of an adoption decision, summarised in FIGURE 4.5a.  Rogers’ adoption decision 

model offers no particular conceptual advantage over either of these.  However, the ubiquity of Rogers’ 

influence in the DI literature requires consideration of the typology he proposes.  FIGURE 4.5b depicts 

Rogers’ integration of the innovation decision stages with other aspects of DI theory. 

 
 

FIGURE 4.5a: A five stage model of the adoption decision process. 
                        Source: Rogers (2003: 170) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4.5b: A five stage model of the innovation decision process. 

 Source: (Rogers, 2003: 170) 
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Knowledge Stage 

Rogers suggest that Adopters move through three types of knowledge in coming to an adoption decision.  

In the first instance, the knowledge is simply the fundamental that the innovation exists, which he terms 

‘awareness knowledge’ (Rogers 2003).  Mass media channels are good at creating awareness 

knowledge, but less useful as the decision making advances (Katz, Levin and Hamilton, 1963).  With 

awareness knowledge an Adopter may be motivated to seek further knowledge, and progresses to ‘how-

to’ knowledge, the information necessary to use the innovation.  The role of complexity in characterising 

an innovation has implications for this transition, since a more complex innovation requires that greater 

effort be put into understanding how to use the innovation.  This may require assessment of the acquired 

knowledge in addition to its actual acquisition.  For example, (lawfully) using a vehicle requires that an 

Adopter pursue a process of obtaining a licence, whereas using a bicycle does not.  Volition must 

therefore overcome any resistance to the cognitive processes that characterise the Knowledge stage.  A 

significant consequence of this stage of knowledge is that with inadequate accumulation of how-to 

knowledge prior to trialling or adoption of an innovation, rejection or discontinuance of the adoption is 

correspondingly more likely.   The tertiary stage of knowledge, which Rogers (2003) argues is not a pre-

requisite for adoption, is ‘principles’ knowledge.  This is, to continue the previous example, an awareness 

of what happens under the bonnet to make the car go.   

Persuasion Stage 

Though some innovations may not be relevant to any given Adopter, most Adopters know about many 

innovations that they have not adopted, so volition and resistance frequently intervene between the 

knowledge and decision stages of the adoption decision.  Rogers’ adoption decision model “assume[s] 

that persuasion will lead to a subsequent change in overt behaviour (that is, adoption or rejection) 

consistent with the individual’s attitude” (Rogers, 2003: 176). However, it is perhaps more complex than 

this.  This returns us to the alternate adoption decision models, where the argument was made that 

realisation of an intention is a complex volition, especially in the case of a new behavioural intention 
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whose enactment is associated with considerable effort or has to compete with deeply rooted habits 

(Gollwitzer, 1990; Heckhausen, 1991; Eagly and Chaiken, 1993; Verplanken and Aarts, 1999 and 

Bamberg, 2001).  The effort of volition and the resistance of habit are particularly important when the 

innovation is characterised as having poor or moderate compatibility with the existing preferences (beliefs, 

attitudes, behaviours) of the Adopter.  Volition must overcome resistance at the Persuasion stage also 

(Rogers, 2003).  The Adopter becomes more ‘involved’ with the innovation and throughout this process 

decides how to interpret information and what information to value or weight.  The Adopter tries to address 

the advantages and disadvantages of their own adoption and tends to seek reinforcement about 

developing beliefs through channels that have personalised meaning.   

Decision Stage 

Adoption is a decision to use the innovation, while Rejection concerns the obverse.  The passage between 

the Persuasion and Decision stages may be moderated by the opportunity for potential Adopters to trial 

the innovation (Trialability).  Rogers (2003: 177) identifies that innovations that can be trialled tend to be 

more rapidly adopted, and that most Adopters with the ability to trial move to an adoption decision as a 

result of the trial.  Trial by a peer or similar vicarious trialling may also be effective.   

Rogers discriminates between passive rejection, characterised as the absence of active consideration of 

the innovation, and active rejection, which follows on from the active engagement in the decision-making 

process.  CHAPTER 2 recognised the failure of the ABS 4602.0 Report to distinguish between active and 

passive rejection by households of RH systems, and Rogers argues that a common failing of diffusion 

research is that investigation of rejection behaviour has not received much scholarly attention (2003: 178).  

It was noted in that section that the survey instrument developed for this thesis would include measures to 

ascertain the activity involved in nonadopting households. 

Implementation Stage 

The Implementation stage is characterised by a new round of information seeking and processing, as the  
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Adopter attempts to close knowledge gaps, typically of a more technical nature than preceding 

considerations, about the actual using of the innovation.  The value of the Moore and Benbasat’s (1991) 

reframing of characteristics of an innovation in terms of the actual using of the innovation has obvious 

merit here.  In this stage an interesting feature of adoption may emerge; that of ‘reinvention’.  Reinvention 

occurs when the Adopter, having reached the Implementation stage seeks to modify the innovation in 

some way.  Early adoption research failed to recognise reinvention, and consequently treated Adopters 

themselves more passively.  Because of the range of RH systems components currently commercially 

marketed and the relative simplicity of RH as an adopted innovation, it is not anticipated that incidences of 

re-invention are as likely as they have been in other contexts.  What is more likely is that Adopters will 

select a combination of existing components relative to their specific aims in the RH adoption.  Since there 

is no ‘one right way’ to establish a system of integrated components, or for the end uses of harvested 

water, it seems that it is something of an overstatement to classify differences among adoptions as ‘re-

inventions’ in the sense proposed by Rogers.   

It does however, more closely conform to his notion of ‘technology clusters’.  Rogers (2003: 249) identifies 

that “although it makes intuitive sense” clustered innovations have received little scholarly attention.  The 

integration of pumps, switching devices and reticulation systems, for example with the adoption of a 

rainwater tank represents a technology cluster in that RH can operate quite effectively without these 

additions, but with their inclusion, can be more effectively utilised.  Data collection in this thesis 

accordingly accommodates Rogers recognition for the need to “analyse complexes of innovations … and 

to determine the degree of compatibility perceived by individuals among inter-related ideas (2003: 250). 

Confirmation Stage 

Many Adopters continue to seek and process information regarding the innovation after they have adopted 

(and used) it.  This information may be used to evaluate the process or consequences of the adoption, or 

changes to circumstances that affect the continued use or the adoption.  In some cases this may result in 

discontinuance, the temporary or permanent abandonment of the adoption.  The data collection instrument 
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contains items that reflect the type of considerations that characterise this stage for the specific application 

to RH.  They include, for example, questions about satisfaction with yield and more open-ended, what 

aspects of the adoption the household would execute differently, were they to have the knowledge they 

now have earlier in their adoption decision.   

Extent of Change Agents Promotion Efforts.   

Innovations, whether they are in the realm of hard technologies or more intangible social practices, 

happen every day.  A classic problem for technicians and engineers (as well as every other profession) 

that may develop a high quality innovative solution to a problem is that superior solutions may languish, 

while inferior solutions remain dominant.  “Getting a new idea adopted, even when it has obvious 

advantages, is difficult.” (Rogers 2003: 1).   

Two issues emerge from this.  First, the adoption decision process confirms that what constitutes 

‘superiority’ is a value-laden reasoning.  The points of difference among competing technologies must be 

salient and relevant to the intended Adopter.  The values served by a technology or innovation may not be 

appreciated or may not precisely conform to the values held by the intended beneficiary.  Following from 

this, the second issue is that the culprit of this situation is often consequently perceived to be the intended 

consumer or beneficiary of the technology, who is thought to be ‘resistant to change’ or ‘ignorant of the 

benefits’ or ‘bloody minded’.  It is reasonable to consequently ask: is this fair?   

To address this issue, considerable effort in the social sciences has focused on educating the intended 

consumer/beneficiary.  Change agents who act towards the diffusion of an innovation are one approach to 

facilitating greater acceptance.  In particular, leadership of this role has been of State and Local 

Governments through their advertising campaigns and policy initiatives. The role of change agency as an 

influence on adoption is largely subsumed in the scope of other variables in this thesis, since it is better 

considered as a governance dimension under the influence of EM, or of the community leadership 

exercised by the household, as discussed in CHAPTER 5. 
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While educating the consumer/beneficiary seems conceptually sound from the perspective of those 

supporting the further diffusion of a given innovation, innumerable studies have failed to adequately link 

education programs with effecting actual adoption.  What has been learned is that changes in consumer 

knowledge and corresponding changes in consumer behaviour are heavily moderated and complex.  

Ajzen and Fishbein’s Theory of Reasoned Action (TRA) and subsequent Theory of Planned Behaviour 

(TPB) show that even with explicit intention, the change in behaviour can evaporate.  The Technology 

Acceptance Model (TAM) mentioned previously is one of the most influential extensions from the work of 

Ajzen and Fishbein.  The TAM replaces the TRA’s attitude measures with technology acceptance 

measures, reflecting the nuance between holding an attitude to an innovation and more pragmatically, 

actual acceptance of the innovation. Among the most significant of the recognised shortcomings of these 

psychological approaches is that, as a theory framing individual behaviour, they fail to account for factors 

beyond individual motivation.   

Social System Norms.   

Many aspects of diffusion cannot be explained by individual behaviour alone.  There are also differences 

in the rate of adoption for the same innovation in different social systems.  The TRA and TAM, both of 

which have strong behavioural elements, assume that when someone forms an intention to act, that they 

will be free to act without limitation. So, they undervalue relevant structural elements in the systems in 

which the individuals are situated. In the real world there will be many constraints, such as limited ability, 

time constraints, environmental or organisational limits, or unconscious habits which will limit the freedom 

to act (Bagozzi et al., 1992).  The values and norms ascendant in the social system in which the potential 

Adopter is contextualised obviously also play a role in the proliferation of the innovation.  As is discussed 

more fully in CHAPTER 6, it is reasonable to expect that these values are plural, reflecting membership of 

the Adopter in multiple social systems, for example, of the household, immediate neighbourhood, social 

and work networks and the wider community.  Moreover, social systems also have structures, the patterns 

of relationships within and across groups in the system (Rogers, 2003: 24).  Katz (1961) remarked “It is as 

unthinkable to study diffusion without some knowledge of the social structures in which potential Adopters 



 147 of 457 

are located as it is to study blood circulation without adequate knowledge of the veins and arteries.” Items 

reflecting the impacts of values, norms and social structures are consequently developed in the survey 

instruments.   

Beyond the capacity of social norms to exercise a degree of pressure to adopt or reject an innovation, one 

of the important effects of the social system is its capacity to remove or enable freedom of its members 

over the adoption decision.  Since Moore and Benbasat (1991) frame the innovation in terms of the 

Adopter using that innovation, and not as the innovation as a stand-alone object, this factor is already 

contained in the approach adopted by this thesis and operationalised as adoption of the RH system being 

mandated through building conditions, the absence of a mains water supply or in the voluntary installation 

or retrofit of the RH system by the household.   

A lurking risk identified by Rogers (2003: 206) is that of a potential for pro-innovation bias.  Pro-innovation 

bias was among the first of the problems identified in diffusion activity (Rogers and Shoemaker, 1971), 

though little has been done to address the problem.  It concerns an implication that an innovation should 

be rapidly diffused, never rejected and so, universally adopted - resulting in the potential for placing blame 

with households that, for whatever reason, are not inclined to adopt RH technologies.  In fact, Rogers 

(2003: 110) argues that the conventional methodologies themselves which are used by diffusion 

researchers led to an emphasis on the study of successful diffusions.  Though innovations may seem to 

be of unquestionable benefit, closer analysis might identify certain disadvantages that accompany the 

advantages for some Adopters – for example, an elderly or handicapped resident may have seriously 

comprised ability to effectively maintain a rainwater tank.  Over time, this could result in mosquito breeding 

leading to vector-borne disease, or to ingress and death of an animal in the tank resulting in unacceptable 

toxicity in the harvested water. 

As a result of diffusion bias, we know more about rapid than sluggish diffusion, more about adoption than 

rejection, more about continued use than discontinuance, more about success and less about failure.  The 

actor-centred approach taken by this research considers the merits of adoption from the household 



148 of 457 

perspective and so, is sensitised to the situational variables that influence each household’s adoption 

decision.  The consequences of this bias are insidious.  Rogers (2003:119) says: 

 “Some factors underlying a particular social problem may be individual in nature, and any 
effective solution to the problem may have to change these individual factors.  In many 
other cases the causes of a social problem lie in the larger context or system of which the 
individual is a part.  Ameliorative social policies that are limited to individual interventions 
cannot be very effective in solving system-level problems. … A frequent error is to 
overstress individual blame in defining a social problem, and to underestimate system 
blame.” 

Rogers (2003) therefore also challenges that the broader system be studied simultaneously with diffusion 

of an innovation.  This thesis accommodates this challenge, since the systemic perspectives of EM and 

the actor-based perspective of DI mutually scaffold the other, a synthesis that is explored and developed 

in Chapter 5.   
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Diffusion of Household Rainwater Harvesting 

While rainwater tanks are iconic of rainwater harvesting, CHAPTER 2 showed that RH is more accurately 

a system, comprising a technology cluster of catchment, conveyance, storage, treatment and quite 

arguably, end-use technologies.  Each of the technologies in each stage of this systemic approach affects 

the efficacy of RH system.  So, the first element of operationalising innovation in this thesis recognises 

that the thesis is concerned with the innovations of the technology cluster relevant to entire RH systems, 

and not merely rainwater tanks. 

Diffusion research shows that the attributes of the innovation (or in the case of RH, of the innovation 

cluster) are particularly significant in explaining progressive adoptions.  Although there are elements of 

these attributes that require specific refinement to their operationalisations for use in the present study, DI 

provides a clear and testable framework for exploring the issues in household adoption of RH systems.   

Drawing on the data on household rain harvesting system applications discussed in CHAPTER 2, and 

following on from the development of attributes of innovations discussed so far, several hypotheses may 

be proposed.  It is anticipated that (1) a primary advantage of the RH technology to households will be a 

household ability to exercise greater control over the water supply than is otherwise available; (2) the 

adoption of retrofitted RH installations will be perceived as voluntary, whilst (3) subject to potential 

pressure form social norms; that (4) there is some pro-environmental Image status associated with 

adoption; (5) RH installation can pose challenges to physical compatibility with the existing household in 

terms of space and siting constraints for tank storages, and for integration with internal fixtures when this 

is a desired end use; that RH installations have variable chreseology with (6) greater demands in 

installation than actual use and (7) ease of use increasing with greater system sophistication reflecting the 

convenience of switching devices and pumps providing access to harvested rainwater; (8) demonstrable 

efficacy, with sterilisation and filtration providing confidence in the quality of harvested rainwater; that RH 

systems are (9) increasingly visible through tank placement and ‘rainwater in use’ signage, which 
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according to DI principles promotes further diffusion, and (10) at least vicariously trialable.   It might also 

be predicted that (11) there is a congruence in advocating the adoption of RH systems among system 

norms, mass media and interpersonal channels, with little if any disadvocation; and that (12) available 

financial incentives facilitate adoption by ‘bringing forward’ households that might otherwise have 

considered RH adoption at a later stage. 

The robust DI framework means that each of these hypotheses is unambitious.  It is an easy enough task 

to extend the list of predictions, for the simple reason that they are simply the correlates of adoption, as 

confirmed by the multiple replications of the diffusion literature.  In fact, with the application of the 

Extended Case Method laying out what findings are expected, they are effectively assumed.  However, 

the aim of the thesis goes deeper than simple confirmation of these hypotheses, to seek their integration. 
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CHAPTER 5: SYNTHESISING ECOLOGICAL MODERNISATION 
                      AND DIFFUSION OF INNOVATION 

 

Chapter Overview 

The preceding Chapters established that the existing perspectives of ecological modernisation (EM) and 

diffusion of innovation (DI) were relevant to understanding the proliferation of household RH as an 

environmental technology.  Nonetheless, Buttel (2000) counselled that EM research would do well to 

contextualise analyses of EM perspectives in more established frameworks of enquiry.  Rogers (2003) 

similarly warned that DI research – particularly that concerned with motivation for adoption – would benefit 

from greater attention given both to systemic perspectives and integration with existing perspectives.  With 

some modifications made to sensibly integrate these perspectives, the synthesis of the EM and DI, and 

their application to the study of household adoption of RH systems is intuitive and compelling.   

The synthesis provides an actor-based perspective on household RH adoption that is sensitised to 

systemic influences.  It also recognises conceptual weaknesses in these component perspectives that are 

resolved by the synthesis.  EM and DI are experiential, positive and operate from a shared paradigm of 

structural functionalism (societies are coherent, bounded and fundamentally relational constructs, with 

their various parts (social institutions) working together to maintain and reproduce them).  Their synthesis 

provides a highly effective way of organising structural and cultural elements in studying the motivations 

and effects on the household RH adoption process.  Together, they are the spider and the web.   

CHAPTER 6 is structured around the integration of constructs derived from the EM and DI perspectives.  

To appreciate the integrated development of these constructs, this Chapter first summarises the elements 

that EM and DI contribute to a synthesis.  Secondly, it articulates a set of constructs that characterise the 

proposed synthesis.  Third, as a final check prior to Pilot data collection, the framework synthesised from 

these two perspectives is compared with the existing Australian Bureau of Statistics data on the inhibitors 
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to household RH adoption (i.e. ABS 4602.0: 2005).  Coherence between the framework of the proposed 

synthesis and the ABS data is checked to assure a set of constructs that operationalise the attributes of 

RH systems, household values and the broader context. 

Fourth, this Chapter briefly notes changes to the operationalisation of constructs, made on the basis of the 

Pilot study and supporting subsequent development of the data collection instruments.  The principal 

discussion on the redevelopment of the data collection instruments and evidence used as the basis of 

these changes is more appropriately reserved to Chapter 6: Methodology.  Nonetheless, assuring 

congruity between the framing of the research problem and interrogation of this framework, the actor-

based perspective allows appropriate use of a self-report methodology to collect data on motivations of 

individual Adopters in their installation and use of RH systems.   

Finally, this Chapter provides a detailed description of each of the constructs proposed in the synthesis of 

the EM and DI perspectives for the principal survey administration.  As well as providing an insight into the 

specific factors motivating household RH adoption, it is anticipated that the theoretical framework of this 

approach may also be applied to understanding factors that moderate the proliferation of other pro-

environmental technologies at the household level.   
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Contributions of Ecological Modernisation and Diffusion of Innovation 

Chapter 3 showed that EM provided a conceptual decoupling of environmental degradation from economic 

growth through the combined influences of pro-environmental technological innovation (Huber, 1985), 

adoption of pro-environmental social policy (Christoff, 1996) and consumption choice (Giddens, 1984). EM 

is no longer viewed as a radical theory, but it is a highly effective way of organising technical, structural 

and cultural elements in exploring their effects on consumption. FIGURE 5.1 shows that the constituent 

elements of EM essentially provide a complex systems perspective that recognises the triple-bottom-line 

approach (of interactions among environment, economy and society).  EM contends that private sector 

innovation, governance, and consumption mutually influence each other and can exert a positive influence 

on the environment.   

CHAPTER 3 clearly showed that the decentralised household adoption of RH technologies satisfies the 

central ideas in the EM perspective.  Household RH adoptions appear no less than an idiomatic 

manifested confirmation of EM principles.  According to EM principles, more prolific RH adoption is 

intrinsic when these requirements are met.   

 

 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 5.1: Graphic integration of ecological modernisation systems. 

This systemic perspective contributes five constructs as systemic/structural variables to the synthesised  
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theoretical model of household RH adoption.  These are: (a) the environment, (b) innovations in 

technology, (c) economy and markets, (d) public policy incorporating governance and regulation, and (e) 

community/society, encompassing social norms.  From the perspective of the household as consumer, 

markets, technologies and social policy together form the ‘supply side’ system.  With FIGURE 5.1 centred 

on the population of a society, each of these constructs ultimately impacts on consumption.  This is 

complemented by the third stage in the development of EM – household consumption.  EM contends that 

the choices of the so-called ‘citizen-consumer’ enable incremental adoption of a ‘greener lifestyle’ through 

household behaviour and consumption decisions.   

Rather than re-invoking the EM construct of ‘lifestyle and lifestyle choice’, the approach taken in this thesis 

reframes the household as a consumer exercising consumption choice.  RH technologies are presented 

simply as consumer goods.  By rejecting the post hoc ergo propter hoc theorisation of ‘lifestyle’, the focus 

returns to seeking patterns in the diverse and idiosyncratic motivations of the household as a potential 

adopter of a rainwater harvesting system.   

In a nutshell, synthesis of EM theory with DI theory, allows a more fine-grained analysis by empirically 

collaborating further constructs as variables of adoption in a framework that is especially sympathetic to a 

social DI.  FIGURE 5.2 graphically depicts the way that DI is integrated with the EM perspective.   

 
 
 
 
 
 
 
 
 
 
 

 
 
FIGURE 5.2: Integration of diffusion of innovation and ecological modernisation perspectives. 
                      Original graphic incorporating Rogers (2003: 170). 
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Rogers’ (2003) perspective on the accumulated body of DI research recognises that diffusion is influenced 

by five key issues.  These are (a) the type of innovation decision, (b) the communication channels through 

which information on the innovation is spread, (c) social system norms, (d) the extent of change agents’ 

promotion efforts, and (e) the characteristics of the innovation itself.  Items reflecting each of these key 

issues are incorporated into the data collection instruments.  Note that these factors are not presented as 

equivalent in their effect on adoption.   

Differences among households are of interest in the context of an adoption decision typology.  Adoption 

may be voluntary, mandated or serendipitous.  Non adoption, similarly, may constitute rejection of RH, 

neglect of the adoption decision or a desire for RH adoption that is nevertheless prevented by external 

factors.  This aspect of the adoption decision is explored through development of the Voluntariness 

construct proposed by Moore and Benbasat (1991). 

The second factor identified by Rogers’ concerns communication channels.   Data are collected on the 

sources of information used, the mode by which this information is accessed, and the household 

perception of the quality of information obtained from these sources.  Communication channels 

themselves are of secondary interest in the present enquiry.  Nevertheless, differences in the emphasis 

given to different communication channels may reveal useful information about facilitating adoption.   

Rogers’ third factor, social system norms, is developed in the current enquiry as the Community construct.  

The EM and DI perspectives both broadly recognise the influence of society on consumption within that 

society, and more specifically, the role of citizen consumer in moderating individual household decisions. 

Rogers’ (2003) fourth factor, the influence of change agents, is largely subsumed under the Governance 

and regulation construct in the integration of the DI and EM perspectives.  This reflects Queensland 

Government and local Council promotion of rebates for RH installation.  Social change agency may also 

be significant and is operationalised in the Community construct.   

DI research suggests that the fifth of these factors – the attributes of an innovation – have the most  
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significant impact on adoption.  Five DI constructs have been “for the past fifty years” (2003: 223) and 

explain 49% to 87% of the variance in adoption of innovations (Rogers, 2003: 221).  However, Rogers 

also observes: “As yet, there has been very little diffusion research designed to determine the relative 

contributions of each of the … variables” (2003: 223).   

Moore and Benbasat’s (1991) advance on this problem recognised some weaknesses inherent in Rogers’ 

characterisation.  Most of the constructs relevant to the attributes of innovations which are developed in 

this thesis are directly adapted from Moore and Benbasat’s (1991) conceptual and psychometric 

development of Rogers’ (1983) characterisation of the attributes of innovations.  Moore and Benbasat’s 

operationalisations consider the actual use of the RH technology in the adoption decision.  The constructs 

themselves are: Relative Advantage, Image, Compatibility, Ease of Use, Result Demonstrability, Visibility 

and Trialability.   

The broad and remarkably inclusive definition of Relative Advantage has allowed generalisations to be 

made across a wide range of diffusion research.  However, this confounds more fine-grained analysis of 

the specific actual motivators of adoption, and Rogers (2003: 115) has recognised it as a shortcoming of 

diffusion research.   

Since the aim of this thesis is discriminate identification of specific motivators of household RH adoption, 

and to explore the nature of their respective influences on adoption, it is prudent to discriminate also 

amongst factors in the multidimensionality of Relative Advantage.  Moore and Benbasat proposed the 

additional constructs of Image, Cost, and Result Demonstrability be independently accepted and extracted 

from Rogers’ original Relative Advantage construct, and these additional variables are used here.  Most 

importantly, the relatively specific constructs of the EM perspective can additionally be substituted in to 

replace the original operationalisation of Relative Advantage.   
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Synthesising Ecological Modernisation and Diffusion of Innovation 

While limited, but reliable and recent statistical data on the proliferation and use of household rainwater 

tanks in South East Queensland does exist (ABS Cat No. 4602.0, 2005) this thesis sharpens the focus on 

decision-making aspects of the household RH adoption process, household use and maintenance of RH 

systems, and differentiates among RH adoptions in terms of performance capabilities.  These mutually 

form a more fine-grained impression of ‘the household experience’ of RH.   

In pursuit of this fine-grained understanding, the reasonable justification for attempting a synthesis of 

these two theories is a belief that the synthesis of the two theories provides a qualitatively, quantitatively 

better account of household RH adoptions than either of the theories alone.  Confirmation of the value of 

the synthesis therefore lies in a demonstration of the extent to which the data obtained in interrogating the 

synthesis bear this belief out. 

Whereas the DI and EM frameworks derive from quite separate viewpoints, being respectively actor-based 

and system-based, and deductively and inductively developed, they both apply to an explication of factors 

moderating the proliferating household adoption of RH systems as an environmental technology and they 

are surprisingly sympathetic.  They provide a host of factors, variously derived from RH technologies 

themselves, the character and perceptions of the household, and the society in which the household 

exists.  Perhaps the most pressing issue created by the act of synthesising two different perspectives is 

the problem of conceptual overlap.  Despite separate ‘points of origin’, the perspectives often overlap and 

often mutually (if broadly, implicitly or indirectly) contribute to the individual constructs that are theorised as 

potentially catalysing and moderating the household RH adoption decision.   

Simply ‘adding’ the construct dimensions of EM to those of DI results in the problem of a single item, issue 

or data point potentially conforming to the existing operationalisations of more than one construct 

dimension.  Both adequate domain sampling and parsimony are important to obtain content and construct 

validity (Cronbach and Meehl, 1955).  To ensure the construct dimensions are discrete, some sort of 
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decision process having both perspicacity (acute discernment) and perspicuity (clarity of expression) is 

required to discriminate amongst the factors, establishing a ‘single point of truth for data’ through improved 

information management.  With respect to achieving Research Aims 3 and 4, constructs are attributed to 

the theory from which they are principally derived. 

This is clearly not a one right answer problem, and so the decision on the pertinence of any given item to a 

particular dimension may be open to criticism.  The process needs to be systematic, so that it can at least 

be justified on that basis.  However, two points are made.  First, both the EM and DI perspectives required 

refinement of the existing operationalisations of their construct dimensions.  Second, this synthesis is 

exploratory. The original synthesis attempted here seeks a specific empirical exploration of the issues that 

influence household RH adoption decision-making.  It aims to confirm these variables by addressing 

identified weaknesses in the approaches of EM and DI.   

The synthesis lacks the surety of a solid foundation that obtains from simply replicating an established 

order.  Since the knowledge of the causal structure of RH adoption is incomplete, misspecifications can 

introduce unobtrusive errors that cascade through the research design (Meyer and Goes, 1988).   

In response to this, the assessment of the synthesis attempted here is dispassionate, in the sense that 

field data obtained to interrogate the synthesis may disconfirm its wisdom.  Although the ‘scientific method’ 

has historically developed to favour a ‘result’ over no result, there is no less integrity in a ‘no result’ 

conclusion.  The value inherent in the scientific method derives from its empiricism, in which the decisions 

and rationale of such choices are explicitly presented, and in the tradition of scholarship, may successively 

be built upon.   

With this caveat to any inadvertent missteps of judgement, a decision is taken that a parsimonious 

specificity form the basis of discriminating amongst how individual factors are allocated among competing 

constructs in the synthesis of perspectives.  To achieve this conception, inductive reasoning provides a 

connection from issue to construct, while deductive reasoning provides the obverse.   
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Subsequently, empirical methods are used to muscle the conceptual construction.  Scale development 

allows calculation of internal consistency and the proposed analyses provide that both qualitative and 

multivariate statistical methods will be used to extract factors in the adoption decision, providing evidence 

not simply for the conceptual existence of these factors, but also a measurement of their significance.  

This process therefore has a deductive component, through analysis on the basis of the theorised factors, 

and an inductive component, with analysis of patterns emerging from the data.   

There are a number of changes from the constructs as they are operationalised in the original theoretical 

perspectives.  These concern the development of new, sometimes subsidiary constructs and the effective 

substitution of constructs between the perspectives.  The development of new constructs and the 

synthesis of these constructs requires that all of the original constructs were redefined and refined to 

preserve convergent and discriminant reliability.  

From the EM perspective, the constructs of Cost and Economy, Environment, Governance and Regulation 

and Technological Innovation are preserved. The construct of System Sophistication is proposed in 

connection with performance standards such as the ADWG (2004).  It is attributed to the EM perspective, 

since it reflects varying sophistication of RH technologies, and is associated with Technological 

Innovation.  System Sophistication reflects the desirability of discriminating among different standards of 

RH performance, whereas technological Innovation considers the impacts of emergent technologies on 

the RH adoption decision.   

The EM Lifestyle construct was disaggregated.  This disaggregation takes the form that the several of the 

constructs derived from the DI perspective provide more fine-grained perspective on the idiosyncrasies of 

the adoption decision.  On the basis of specificity, Community, Compatibility, Ease of Use, Experience and 

Image constructs replace the Lifestyle construct.  The construct of Community (including household regard 

for community and norms) was added because these issues had ceased to fit within the revised construct 

operationalisations. 
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From the DI perspective, a similar disaggregation of the DI construct of Relative Advantage is made.  On 

the basis of specificity, the multiple aspects comprising Rogers’ operationalisation of Relative Advantage 

are replaced by the more specific issues in the construct operationalisations of Cost and Economy, 

Environment, Image, Governance and Regulation and Technological Innovation and System 

Sophistication.  Relative Advantage is retained in a highly modified form that compares RH with alternative 

water supply technologies.   

The remaining DI constructs reflect the specific operationalisations proposed by Moore and Benbasat 

(1991) who redefined Rogers’ characteristics of the innovation to concern the actual use of the innovation.  

Observability is renamed Visibility, Trialability is renamed Experience, and Complexity is inverted as Ease 

of Use (facilitating rather than inhibiting adoption).  The additional construct of Voluntariness is also 

derived from Moore and Benbasat (1991).   

ECOLOGICAL MODERNISATION   DI 
 

Rogers (1983)          Moore and Benbasat (1991) 
Cost and Economy 

Environment        System Sophistication  

Governance and Regulation      Voluntariness  

Technological Innovation        

Lifestyle                 Relative Advantage  Image 

Compatibility   Community 

Complexity   Ease of Use 

Observability   Visibility 

Trialability   Experience  

FIGURE 5.3: Derivation of theorised constructs for pilot study. 

FIGURE 5.3 presents a summary of the ‘initial solution’ for the constructs proposed in this synthesis. 

Together, these constructs are ultimately developed as the dependent variables of Research Aims 1 and 
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2, and the independent variables of Research Aims 3, 4 and 5.  The constructs variously apply to the 

adoption decision itself (Cost and Economy, System Sophistication, Voluntariness); attributes of the RH 

installation (Compatibility, Cost, Relative Advantage, System Sophistication); to aspects of the systemic 

context (Community, Environment, Governance and Regulation); and to idiosyncrasies of the household 

(Compatibility, Ease of Use, Experience, Image, Visibility).  
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Test Driving the Synthesis 

In the style of Thomas Kuhn (1922), Michael Burawoy and his colleagues suggest “to lay out as coherently 

as possible what we expect to find in our site before entry” (Burawoy, 1991: 10).  With the synthesised 

framework a freshly blueprinted chassis, it is an appropriate point to ‘road-test’ the creation to ‘eyeball its 

goodness of fit’ (Glover, Jenkins and Doney, 2002).  

The best available data on existing RH practices in the region is the ABS 4602.0 (2005) report discussed 

in CHAPTER 2.  The ABS data is limited in its generalisability, given that it concerns only 31% of the 

surveyed sample (FIGURE 5.4).  The ‘adoption decision’ data is based on responses from Nonadopters 

who had reportedly considered RH installation, though no operationalisation of the nature of this 

consideration was reported. 

ABS Sample                                    Adoption Decision          Acceptance 

         No reported consideration                      Rejection (see FIGURE 5.5) 

FIGURE 5.4:  Rainwater harvesting adoption decision (Queensland data) (2004). 
Source: ABS Environmental issues Cat. No. 4602.0 (2005: 52) 
 

 

 
 
FIGURE 5.5: Reasons for not installing a rainwater tank (1994-2004). 
                      Source: ABS Environmental issues Cat. No. 4602.0 (2005: 52) 

61% 
39% 8% 
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In terms of the inhibitors to adoption cited by this sub-sample as they are reflected in the constructs 

proposed in the thesis, Cost has its own construct in the theoretical synthesis; Space is specifically 

operationalised as an element of Compatibility construct; Time loads on two constructs, Ease of Use and 

Relative Advantage, and is considered both in terms of installation and chreseology of daily use.  Not 

permitted is a function of the Voluntariness and the Governance and Regulation constructs, where the 

reason for non-permission lies in an aspect of governance and regulation.  This contrasts with the next 

ABS inhibitor, Not Responsible, which may be attributable to different permission sources such as dwelling 

ownership and is addressed by the Voluntariness construct and other aspects of respondent demographic 

data.  Health issues as an inhibitor, depending on their nature, are variously accommodated by Relative 

Advantage, System Sophistication, Experience and Result Demonstrability.  Insufficient rainfall is 

addressed by the Environment construct.  FIGURE 5.5 shows that collectively unspecified other reasons 

diminished in significance as relevant and specific alternatives such as Time and Responsibility were 

added to the available response set.  Ideally, the additional factors proposed in the theoretical synthesis 

will substantially diminish the proportion of uncategorised responses. 

Clarke and Brown (2007) in their study of domestic water re-use in Melbourne found that Difficulty (‘too 

difficult to organise’), Cost and Renter Status were revealed as key barriers to widespread implementation, 

rather than poor awareness and attitudes.  Clarke and Brown (2007) reported that overall, most respondents 

agreed that they had some individual responsibility for reducing domestic potable water consumption and 

were generally positive that their individual contributions could make a difference. Though the Clarke and 

Brown study concerns different water supply technologies, the inhibitors found by Clarke and Brown are 

similarly accommodated in the synthesised framework. Only 5% of their respondents had installed a 

rainwater tank and/or greywater reuse system. The respondents who had installed these technologies, 

compared to other respondents, had higher household incomes and were more likely to live in separate 

houses which were owner-occupied.  This finding confirms Cost as a significant construct in the adoption 

decision.  

Given that the ABS inhibitor categories already exist (and specifically for RH installation), what value lies  
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in promulgating the alternative constructs in the present analysis?  Of course, the answer is a systematic 

theoretical perspective is superior to the adhocratic addition of inhibitors for several reasons.  First, the 

ABS inhibitors are not identified as connected with the remaining 69% of the population surveyed by the 

ABS.  Operationalisation for categorisation into this ‘considered but rejected’ sub-sample is unstated, and 

the balance of the population comprises households for whom the extent of consideration given to an 

adoption decision is not illuminated.   

Critically, the factors motivating the Adopters themselves must be an essential element of understanding 

the adoption/nonadoption situation implying that other, more significant issues may also therefore be 

present, but unrepresented in the ABS report.  The inhibitors of cost, space, time and so on are all issues 

that must be transcended by Adopters.  They are therefore, not sufficient as universal reasons for 

nonadoptions.   

Finally, the constructs in the proposed theoretical framework embed understanding in a context that allows 

deeper understanding of relationships to be drawn.  Third, the improved understanding offered by 

contextualising the factors that moderate the adoption decision within a more comprehensive and 

systematic framework provides an opportunity for more purposeful responses to any approach to the 

adoption/nonadoption situation. 

Pilot Study 

Although detailed discussion of the results of the Pilot study is reserved to CHAPTER 7, the Pilot Study 

provided evidence that substantially modified the pre-pilot operationalisation of the theorised constructs.  

In particular, the pilot study was instrumental in identifying that freedom from water restrictions and other 

aspects of greater household independence were a significant motivator in the considerations of both RH 

adopting and non RH adopting households.  In the pilot study this was included in the operationalisation of 

Relative Advantage.  However, after consideration of the pilot data, it was considered post-pilot, that the 

specificity and significance of a desire for greater household independence on the RH adoption decision 
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presented sufficient argument to disaggregate matters of Independence from other aspects of Relative 

Advantage.  Together with some other minor modifications that proceeded from pilot analyses, this 

concluded the formation of the theorised constructs.   

TABLE 5.1: Integration of ecological modernisation and diffusion of innovation constructs. 
                    Multiple sources as noted. 
 
Construct Source Summary Description 

Cost and Economy EM and DI 
(Griliches, 1957; 
Huber, 1985) 

The cost benefit of an innovation influences its adoption, with 
lower initial outlay and conducive to adoption and ongoing 
financial benefit conducive to continuity. 
 

Environment EM 
(Huber, 1985) 

Environmental awareness facilitates adoption of pro-
environmental technologies and behaviours so that households, 
ceteris paribus, seek to reduce their ecological footprint. 
 

Governance and 
Regulation  

EM and DI 
(Janicke, 1988) 

Pro-environmental policy initiatives including mandates and 
rebates indirectly facilitate RH adoption. 
 

System Sophistication Sonnenwald, 
Maglaughlin and 
Whitton (2001) 

RH systems vary in their capabilities and end uses.  It is 
appropriate to discriminate among RH system sophistication. 
 

Technological Innovation EM and DI 
(Huber, 1985; 
Rogers, 1983) 

Innovation of RH system component technologies facilitates 
adoption by providing access to better (more efficient and 
effective) technologies.  
 

Community DI 
(Hardin, 1968; 
Rogers, 1983) 

If normative societal values support an innovation it is more likely 
to be adopted. The value attached by the household to social 
system norms is also considered. 
 

Compatibility DI 
(Rogers, 1983; 
Otnes, 1988) 

Innovations that are compatible with the physical parameters and 
values of the household are more likely to be adopted. 
 

Ease of Use DI 
(Rogers, 1983; 
Otnes, 1988; 
Moore and 
Benbasat, 1991) 

Difficulties experienced or perceived in understanding, installing, 
use and maintenance of RH inhibit its adoption. 
 

Experience DI 
(Rogers, 1983) 

Past experience and/or the ability to trial an innovation facilitates 
adoption. 
 

Image DI 
(Holloway, 1977) 

Many adoptions of innovations are facilitated by a status or other 
image component. 
 

Independence DI, pilot data One of the principle advantages gained by household RH 
installation is at least partial independence from the mains water 
supply.  This has volumetric and temporal dimensions. 
 

Relative Advantage DI 
(Rogers, 1983) 

The perceived advantages conferred by adoption of RH directly 
facilitate household adoption. This construct has been modified 
to concern RH relative to other water supply technologies. 
 

Visibility DI 
(Whyte, 1954) 

Visible innovations are more likely to be adopted than those that 
are unseen. 
 

Voluntariness DI 
(Rogers, 1983; 
Moore and 
Benbasat, 1991) 

Objective and subjective freedoms in making the adoption 
decision influence adoption and continuity. 
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TABLE 5.1 and FIGURE 5.6 respectively present summaries of the nature and derivation of the finalised 

constructs. 

Cost and Economy 

Environment        System Sophistication  

Governance and Regulation      Voluntariness  

Technological Innovation       Independence  

Lifestyle                 Relative Advantage  Image 

Compatibility   Community 

Complexity   Ease of Use 

Observability   Visibility 

Trialability   Experience 
     

FIGURE 5.6: Post-pilot derivation of theorised constructs 
  Original graphic 

 

The theorised constructs are discussed below, as they are operationalised in the principal survey 

administration.  The perspective from which each variable is derived is also noted, consistent with 

Research Aims 4 and 5, which concern the explanatory power ultimately attributable to each of the 

theories on household RH adoption. 

Cost and economy 

Both theoretical perspectives provide that upfront cost and ongoing economy issues are important, since 

the cost benefit of an innovation influences its adoption.  Cost is integral to the EM perspective.  Moore 

and Benbasat’s (1991) specific use of a cost and economy variable confirms its importance to the DI 

perspective. In fact, it is difficult to appreciate why Rogers did not segregate cost and economy issues 

from relative advantage given the relative insignificance of the four other factors in his meta-analysis and 

the significance of cost and economy.   
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Given agreement on its influence, and the considerable costs associated with RH installation, financial 

issues are expected to figure significantly in the household adoption of RH.  The ABS 4602.0 (2005) 

identifies cost to the household as the most significant single inhibitor of adoption, currently cited by 42% 

of households who rejected, but report having considered RH installation.   

However, it is also notable that citation of cost as an inhibitor has fallen by around 15% since the 

preceding ABS 4602.0 study in 1994.  Has the proportion of households that figure cost as an inhibitor 

dropped significantly from the current (2005) ABS data in the context of a reinvigoration of household RH 

adoptions?  Does melioration of household borne costs through the government rebate program explain 

the stunning acceleration in household RH adoptions? 

The Cost and economy construct considers issues such as: (a) What effect do perceptions of RH system 

cost have on the household RH adoption decision and why?; (b) Are RH systems considered cheap or 

expensive in the household RH adoption decision relative to their other needs or demands and how does 

this influence the household RH adoption decision?; (c) Is the upfront cost of the RH system determined 

by a budget, does a budget determine the RH system that households choose or a combination of both?; 

(d) What effect do expectations of savings on future water bills have on the household RH adoption 

decision?; and (e) Is there some sort of process where the ‘payback’ period is considered in the household 

RH adoption decision through its impact on future water bills?   

If the Cost and Economy construct is the only factor of significance in explaining household RH adoptions, 

a hypothesis of household governance by microeconomic rationalism would be supported.  With respect to 

Research Aims 4 and 5, the influence of Cost and Economy on the household RH adoption decision is 

attributed to the EM perspective, since it is ignored in the classic operationalisations of DI. 

Environment 

Across Australia, the profile of water resource management and climate change has boomed.  In South 

East Queensland, dam levels – the principal water source – are at 20% of capacity and falling.  It is little 
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wonder that the state of the environment is ascendant in the public psyche.  Whether and how this 

growing awareness influences household RH adoption decisions is not well understood.  Through its 

perspective on consumption choice, EM implies that growing community awareness of the environment 

facilitates adoption of pro-environmental technologies and behaviours as households seek to reduce their 

ecological footprint.  Though the historic breadth of DI research has meant that the Environment is not 

discretely considered as a motivator of adoption, Rogers (1983) identified that the nature of an innovation 

invokes the constructs that are most relevant to it.  Since RH is recognised as a pro-environmental 

technology, the syllogism concludes that environmental values may play a role in household RH adoption: 

households are motivated to adopt RH by a belief that benefit to the environment is obtained through RH 

installation (reducing stormwater runoff, demand on the mains supplies, delaying new water supply 

infrastructure etc).  Rogers’ original operationalisations subsumed such ‘miscellaneous’ benefits to the 

Relative Advantage construct.  With a synthesis of EM and DI, the parsimony used to operationalise 

discrete constructs requires that the influence on adoption of any perception of benefit to the environment 

subsume to the Environment construct.   

The Environment construct considers issues such as: (a) What effect do specific perceptions of drought 

and climate change or general regard for the environment have on the household RH adoption decision 

and why?  (b) Does household RH adoption reflect intrinsic concern for the environment, or simply for the 

water supply limitations that may follow?  (c) Is the household RH adoption decision aimed at conserving 

water?  (d) Are broader environmental water needs, such as environmental flow in waterways considered 

by households?   

What other pro-environmental technologies or behaviours are adopted by households and why? Alongside 

RH is a suite of pro-environmental technologies, ranging from the more sophisticated (such as household 

use of solar power or environmentally sympathetic housing architecture) to simpler forms with greater 

behavioural components (such as composting waste, mulching and so on).  It is of interest to identify the 

additional pro-environmental technologies and practices adopted by RH adopting and RH nonadopting 

households. 
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With respect to Research Aims 4 and 5, any environmental influences on household RH adoption are 

attributed to EM, since it is an essential tine in the EM perspective and would otherwise be subsumed 

under Rogers’ operationalisation of relative advantage in the DI perspective.  It is noted that biocentric 

perspectives (such as Dunlap and Van Liere’s (1978) New Environmental Paradigm), would be supported 

if Environment turned out to be the only factor of significance in explaining household RH adoptions.   

Governance and regulation  

The EM perspective provides that RH adoption is facilitated by pro-environmental policy initiatives at a 

societal scale.  Their influence is considered indirect, but the local experience with rebates for rainwater 

tanks confirms the impact of pro-environmental governance and policy initiatives can be significant.  The 

adoption rebates, particularly, have clearly coincided with the proliferation of RH system adoptions in 

South East Queensland (Gardiner, Skoien and Gardner, 2008).  The claims of Janicke (1988) and others, 

that adoption of pro-environmental technologies is most effectively facilitated by pro-environmental public 

policy initiatives, would be confirmed if this turned out to be the only construct of significance in explaining 

household adoptions.   

The Governance and Regulation construct is also concerned with decision making aspects of RH 

adoption.  On one hand, mandating RH systems in new homes removes a decision from households.  On 

the other hand, it is also concerned with understanding the effect of rebates on the household decision to 

voluntarily retrofit RH systems.  Do rebates genuinely cause adoption, that is, cause households to adopt 

RH systems when, in the absence of a rebate they would delay or avoid adoption?  Their effect may be 

less direct, to simply raise awareness of household rain harvesting.  Perhaps even the simple advertising 

and promotion of the rebates is effective in raising the profile of RH in the community. 

Another aspect of governance is the effect that compliance regulations may have on the household RH 

adoption decision.  A large majority of RH Adopters, at least including those who seek a rebate and those 

required to install RH as part of a building condition, are also required to conform with siting conditions and 



170 of 457 

installation conditions of the RH system, such as correct integration with existing plumbing.  How do 

issues of such compliance, for example including cost, or perceptions of bureaucratic interference like 

limiting or removal of household choices, influence household RH adoption decisions?  

A third issue of governance and policy deserves mention.  As it is operationalised, the influence of the 

Governance and Regulation construct is confined to those policies, incentives, regulation and mandates 

specifically concerned with RH installations.  As such, the Governance and Regulation construct does not 

include the influence of water restrictions on the household decision.  In keeping with the parsimony used 

in developing discrete constructs, the impact of water restrictions is deferred to the Independence 

construct.   

With respect to Research Aims 4 and 5, the influences of governance and regulation are attributed to EM, 

since this is an essential tine in the EM perspective and otherwise simply subsumed under Rogers’ 

operationalisation of relative advantage in the DI perspective.   

System sophistication 

Research Aims 1 and 2 consider the level of sophistication afforded by the adopted RH technology.  RH 

technology sophistication reflects the functionality of the system in a cycle from rainwater collection and 

conveyancing, to technologies applied at the tank, treatment, and finally, to the end use application for the 

household.  As much as motivation to own a sports car differs from motivation to own a 4WD vehicle, the 

analysis must differentiate adopted RH systems on the taxonomic basis of what they can actually do for 

the household; supplying water to the whole house or the garden.  One element of this concerns 

standards of good practice derived from the NH&MRC Australian Drinking Water Guidelines (2004), 

EnHealth’s Guidance on the Use of Rainwater Tanks (2004), and the draft CRCWQT Best Practice 

Manual for the Design and Installation of Roofwater Harvesting Systems in Urban Areas of Australia 

(2005) documents.  These may be used to categorise good practice in terms of appropriate system 

components and of the suitability of harvested water for end uses.   
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The permutations offered by RH system components provide substantial variability in the capacities and 

capabilities of RH systems.  However, an appreciation of RH system sophistication is important because it 

follows that a system that provides all-of-household needs is not directly comparable with one used to 

water the roses on Sunday afternoons.  Perhaps the most important consequence of this variability is 

appropriate end use, though allowances for cost difference and chreseology are also important.   

What do households want the RH systems they install to actually do for them?  Do the RH systems 

adopted constitute good technical practice in terms of being fit for use? Household RH systems should 

ideally be fit for the purposes they supply and it is reasonable to expect that households adopting RH 

systems would seek to install a system that was appropriate to their intended use by considering physical 

dimensions like water quality, yield and system components.  While benchmarking against good practice 

standards (cf Australian Drinking Water Guidelines NH&MRC, 2004; Tripodi, Cartwright and Cox, 2005) is 

probably a level of expertise beyond the conceptualisation of a majority of Adopters, it may contribute to a 

deeper understanding of the treatment capabilities and potential risk associated with household RH 

installations.   

Sonnenwald, Maglaughlin and Whitton (2001) reported on incomplete development of a ‘system quality’ 

scale, similar in its operationalisation to System Sophistication, as a factor moderating adoption.  While 

reporting it only accounted for 2.8% of the total variance, their instrument was still in development, and 

Sonnenwald and her colleagues suggest that future diffusion research consider this as a potential 

component. Effective operationalisation of system sophistication must recognise a ‘goodness of fit’ 

between desired and actual end uses of the household, the consistency of end use with good practice, as 

well as accommodating and differentiating the capacity of RH systems to provide qualitatively different 

services to the household.   

With respect to Research Aims 4 and 5, determining the appropriate level of System Sophistication to suit 

household preferences for end use of harvested rainwater is attributed to EM, since this concerns the 

extent of the EM desired or required by the household.   
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Technological innovation 
 

Both EM and DI perspectives are concerned with technological innovation.  Innovations in RH system 

component technologies facilitate adoption by providing access to better RH systems. However, the 

important questions are what specific RH technologies influence the household RH adoption decision and 

why? 

The ABS 4602.0 report identified that space was an increasingly significant inhibitor in household RH 

adoption decision, in fact, the only inhibitor reported as rising in the last ten years (ABS 4602.0: 2005: 52).  

Alternative designs for storage technologies include ‘slimline’ and ‘underfloor’ varieties.  New designs may 

have influenced household RH adoption decisions where space required for a traditional tank may have 

inhibited installation.  Additionally, newly developed RH system components may influence household RH 

adoption decisions by making the chreseology of a supplementary rainwater supply more manageable and 

reliable, for example, including tank top-up or switching devices that alternate the supply between mains 

water and rainfall. 

With respect to Research Aims 4 and 5, the difficulties inherent in the inadequate operationalisations that 

characterise the existing DI variables are especially apparent here.  Technological innovation is most 

relevant to EM when the innovation has a pro-environmental benefit, such as a reduction in embodied 

energy or improved life-cycle cost.  Yet DI effectively deals only with innovative technology as a concert of 

variables.  Some aspects of technological innovation come under the DI operationalisation of Compatibility 

(such as innovative storage tanks that overcome siting constraints).  Technological innovations that 

minimise maintenance such as leaf diverters or switching devices come under the DI operationalisation of 

Ease of Use.  A final group of technological innovations (such as treatment innovations, materials 

development etc) would be subsumed in the miscellany of Relative Advantage.  Since the research 

centres on the household experience, household RH adoption that is attributed to technologies relevant to 

Compatibility and Ease of Use are attributed to those variables.  Relative Advantage is reoperationalised 

to have a specific meaning in this research, but which remains consistent with household perspectives on  
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most other technological innovations.    

However, to disaggregate all of these technological innovations would also mean that the collective 

influence of the innovations is lost.  Therefore, the perspective that the household has on technological 

innovation as an influence on the household adoption is also significant.  The Technological Innovation 

construct is a measure of this influence.  A technophilic perspective termed the Epidemic Model (Geroski, 

2000) (adoption is facilitated by the creation and very existence of new technologies), would be supported 

if the Technological Innovation construct eventuated as the only factor of significance in explaining 

household adoptions.   

Community 

The influence of social system norms is considered in the DI perspectives, though it is neither EM nor DI, 

regarded social system norms as a significant influence on adoption.  While not directly an attribute of RH 

innovations, community values may support the greater likelihood of adoption of an innovation.  For 

example, a household may regard RH adoption as demonstration of community values, and may also 

seek to influence the community by advocating RH and the outcomes for the community by conserving 

mains water.  In turn, a positive community attitude toward household adoption of RH could constitute a 

pro-adoption bias that acts on the household decision.  The Community construct is concerned with issues 

such as (a) What community values associated with RH do households consider in the household RH 

adoption decision and why?   

With respect to Research Aims 4 and 5, household values regarding RH and their fit with community 

norms are attributed to DI, since the influence of norms is an explicit tine of the DI perspective but not 

specifically mentioned in the EM perspective.   

Compatibility 

Compatibility concerns both (a) the consistency of the innovation with Adopter psychology such as existing  
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values and past experiences as well as (b) with physical parameters such as ease of installation on the 

basis of available space, existing plumbing or yard access.  Compatible technologies are easier to 

accommodate physically and psychologically, and more likely to be adopted.  In this way, Compatibility is 

recognised to have a cognitive or affective component that goes beyond the simple effect of technological 

innovations in storage shape and size that allow RH installations in previously difficult sites.   

Although RH adoptions have only recently proliferated, it is a long-standing technology in the national 

psyche.  In that sense, it is not an unfamiliar technology (familiarity is often a cause of uncertain 

compatibility), though the adoption decision process recognises that there is some distance between 

awareness, and actual adoption and use. 

The Compatibility construct is concerned with issues such as: (a) Are household members comfortable 

with using rainwater?  (b) In what ways do the adoption decision and consumption choices reveal that RH 

technology may be compatible with values, beliefs and expectations of the household without being so 

grand as a new value system or lifestyle choice.  (c) How easily is the RH system physically integrated 

with existing household infrastructure where desired?   

In terms of Research Aims 4 and 5, the influence of the Compatibility construct is attributed to the DI 

perspective. 

Ease of use 

Complexities experienced by the household either in understanding an innovation or in using it both inhibit 

adoption.  Rogers’ initial operationalisation of Complexity requires modification to reflect Moore and 

Benbasat’s (1991) operationalisation of the attributes of the innovations as they are actually used.  

Technological innovations may also impact on chreseology since more convenient end use is facilitated by 

the addition of component technologies like pumps, which provide better flow and wider use of the stored 

rainwater and so on.  The subjective perception ‘ease of use’ is therefore differentiated from a more 

objective assessment of the RH system capabilities (which is operationalised as the System 
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Sophistication).  As RH systems become more sophisticated, they typically become more complex (such 

as transition from a stand alone storage facility to integration with subsurface garden reticulation, 

household plumbing or interconnection with mains water sources of supply).  The complexity of the 

physical installation is also accompanied by a respective increase in the complexity of the regulation and 

demonstrable compliance that is required to approve the installation to secure a rebate, or to satisfy a 

building condition.  The complexities related to installation are consistent with Moore and Benbasat, since 

they relate to the experience of household installation. 

Thus the apparent complexity may influence simpler installations with less flexible end uses.  The Ease of 

Use construct is concerned with chreseology of actual use as well as issues such as: (a) The effect of 

perceived complexity of the RH system on the household RH adoption decision and (b) the effect of 

perceived ease of RH use on the household RH adoption decision.  Ease of using the RH system is 

attributed to DI.   

Experience 

The relative simplicity of RH suggests that Rogers’ original construct of Trialability has low face validity in 

the context of household RH adoption. Rogers’ (1983) showed that Trialability positively influenced 

adoption where the innovation could be trialled (or experimented with) on a partial basis to alleviate 

uncertainties, but Rogers’ (1983) meta-analyses show that its influence is generally minor.   

Realistically, there is little likelihood of a ‘try before you buy’ RH system.  However, RH technologies are 

now more widely visible and household RH systems were prolific just a generation ago, so they are 

familiar to many households.  Vicarious forms of Trialability, for example, demonstrations at homeshows or 

supplier display centres are also acceptable forms of Trialability (Rogers, 1983).  Given the similarities 

among Result Demonstrability, Visibility and Trialability, and since ‘vicarious trialability’ is sufficiently 

accommodated in the Result Demonstrability construct, a decision was taken to reoperationalise 

Trialability as Experience.  The purpose of this reoperationalisation is to determine current effects of past 
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use of RH and/or rainwater by household members.  The Experience construct is therefore concerned with 

effects of (a) previous use of rainwater on the household RH adoption decision and (b) previous 

experience with RH on the household RH adoption decision.  Any impacts of past household experience 

with RH on the present RH adoption decision are attributed to DI. It is explicit in the DI perspective and not 

specifically mentioned in the EM perspective.   

Image 

Many adoptions of innovations are facilitated by a status or another image component (Tarde, 1903; 

Holloway, 1977).  Whether the Adopter candidly admits this to others (and perhaps even to themselves) is 

another matter entirely (Rogers, 1983: 230).  While the status of adopting new fashions, a prestige home 

or a sports car is perhaps more tangible, the social status or image associated with household adoption of 

a RH system should not be underestimated.  It may, for example, take the form of promoting the pro-

environmental values of the household as a badge of honour.  Status conferred through household RH 

adoption is attributed to DI, since it is explicit in the DI perspective and not specifically mentioned in the 

EM perspective.   

Independence 

What effect do perceptions of control over water supply have on the household RH adoption decision and 

why?  Water restrictions enforced in South East Queensland prohibit the use of mains water for various 

purposes, but do not restrict the use of water obtained from other sources such as rain harvesting.  

Independence has a temporal dimension, since households can use harvested water when they choose, 

and it also has a volumetric dimension, since harvesting rainwater gives households access to a separate 

and additional supply of water.  Although harvested rainwater may meliorate household consumption of 

mains water, independence is discriminated from behaviours aimed at conserving water for two reasons.  

First, households may choose to harvest rain so that they can legally use more water.  Second, 

conservation behaviours may be motivated by concern for the environment, or concern for the broader 
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community.  In each of these two cases, specificity requires that the motivation forms part of the influence 

of the Environment or Community constructs, respectively.  Household preference for greater 

independence is attributed to DI, since it is a distinct advantage of adoption and not specifically mentioned 

in the EM perspective. 

Relative advantage 

Relative Advantage was operationalised by Rogers as the accrual of any and all ‘perceived benefit’.  As 

such, it is one of the best predictors of adoption (1983: 217).  However, though it has been repeatedly 

criticised as problematically multidimensional (e.g. Holloway, 1977; Tornatzky and Klein, 1982; Moore and 

Benbasat, 1991), a direct, unfortunate and predictable consequence of Rogers’ reliance on a statistically-

driven derivation (Relative Advantage being the first factor to emerge in a meta-analysis).  In accordance 

with the parsimony that guides the present development of discrete constructs, Rogers’ operationalisation 

presents clear opportunity for disaggregation where constituent aspects of the Relative Advantage 

construct are ‘better explained’ elsewhere.   

Cost and Economy issues, a significant element of Rogers’ operationalisation, are removed from the RA 

construct, with ongoing effects such as lower water bills, now attributable to the Cost and Economy 

construct.  The financial benefit obtainable through RH adoption rebates is removed from the RA construct 

to the Governance and Regulation construct provided by EM.  The issue of household perceptions of 

benefit to the environment obtained by household RH installations is removed from the RA construct and 

allocated to the Environment construct, also provided by EM.  Similarly, Image (Holloway, 1977) and 

Result Demonstrability (Moore and Benbasat, 1991) were removed from the RA construct, have been 

afforded the status of separate constructs.   

Relative Advantage is therefore somewhat reduced in its impact in the current analysis.  Nevertheless, it 

still includes aspects of household perspectives of control, convenience, quality and satisfaction factors 

offered by the adoption of RH in comparison with other water supply technologies.   
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By positioning the Relative Advantage of rain water harvesting in comparison with other water supply 

technologies, confounding effects of the other constructs are largely eliminated from the Relative 

Advantage construct.  This construct is therefore concerned with the alternative water technologies 

considered by households and how might these influence the household RH adoption decision.  These 

include condensers, back-yard bores and grey water systems.  Although these alternatives are less 

common, they are proliferating, particularly grey water systems.  Households have the potential to adopt 

sources of water as alternatives to the mains supply other than RH.  Households may regard the 

additional water sources as alternatives to RH or supplementary to RH.   

Furthermore, benefits of adoption are not limited to physical volume of the harvested water, but also to 

perceived qualities of the water.  Although rainwater consistently fails to meet all of the ADWG (2004) 

parameters, it is valued in the community for several of its properties.  First, as supply that is free from 

chlorine, many people advocate its consumption, whether directly, or after boiling, for example, in making 

tea or coffee that ‘tastes better’.  Since rainwater is also softer than the mains supply, it is regarded as 

being better suited to uses with soaps or detergents, for example in bathing and laundry needs.  The 

influence of these aesthetic issues may influence household RH adoption decisions.  Since relative 

advantage obtains with the perception of the Adopter, it is also prudent to consider whether households 

see RH as a source of ‘better’ water.  

The Pilot study considered RH adoption that was motivated by freedom from water restrictions should be 

retained by Relative Advantage.  The potential for households to circumvent water restrictions by using 

their own source of supply is obvious a significant benefit since the escalation of water restrictions actively 

limits outside use of the mains supply for such needs as garden watering and so forth.  However, 

reflection on the pilot study data led to a conclusion that the significance of this potential independence 

overshadowed other aspects of Relative Advantage.  In the principal survey administration, therefore, the 

additional construct of Independence sought to isolate households drive for greater control over their water 

supply.  This conceptualisation also allowed greater discrimination between household motivations to 

conserve water with motivations for greater control over available water.  
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With regard to Research Aims 4 and 5, household perceptions of advantages obtained from RH (as 

opposed to an alternative water source) are attributed to DI, since it is an explicit tine of the DI perspective 

and not specifically mentioned in the EM perspective.   

Visibility 

Whyte (1954) noticed that air-conditioning units occurred in spatial clusters, and concluded this was at 

least partially attributable to their visibility.  Rogers’ (1979) development of Visibility as a construct of 

adoption was similarly influenced by a study of the diffusion of household solar technologies. Since these 

were installed on household roofs, they were physically visible to neighbouring properties, and Rogers 

also found that they were adopted in spatial clusters.   

In a similar way, many rainwater tanks are visible from the street, whether because they are large tanks or 

because the small lot size limits the siting possibilities. Given the effect of visibility on other technologies, 

the Visibility construct considered the effect that visibility of other RH installations has on the household 

RH adoption decision.  Visibility of other RH installations is attributed to DI.  It is explicit in the DI 

perspective and not specifically mentioned in the EM perspective.   

Voluntariness 

The notion of Voluntariness was developed by Moore and Benbasat (1991) in response to the recognition 

that user ownership of the adoption decision may contribute to continued use of an innovation, and even 

the adoption decision.  They differentiated among voluntariness and forced adoption, but also recognised 

a matter of degrees exist in such a continuum.  For example, an adoption decision may be pressured, if 

not directly required.  RH adoption may be similarly differentiated: (a) voluntary retrofitting, (b) inadvertent 

adoption (such as moving into a house with a pre-existing RH system), and (c) mandated RH installation, 

differentiate the principal groups of Adopters.  Differences among these groups may reflect how ownership 

of the adoption decision influences aspects of RH adoption, such as end use and continuity of use.  The 
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Voluntariness construct is therefore concerned with differences evident among households with 

mandated, inadvertent and voluntary adoption.   

With regard to Research Aims 4 and 5, any effects of Voluntariness are attributed to both DI and EM 

perspectives, since it is explicit in the DI perspective and incorporated in the governance and regulation 

construct of the EM perspective.   

Communication channels 

In addition, the DI perspective highlights the relevance of Communication Channels in the transmission of 

information regarding RH.  Interpersonal and broadcast communication channels have been shown to 

influence different segments of the potential community of Adopters, with later Adopters showing a greater 

preference for persuasion by interpersonal forms (Rogers, 2003: 222).  However, different sources of 

information may provide distinct elements of the overall body of information required in the adoption 

decision (siting regulations, installation capability, technical specifications for pumps, filters, and so on). 

Therefore, this thesis considers which Communication Channels contribute to the household RH adoption 

decision process by differentiating among a range of information sources and the particular way in which 

they are accessed.  For example, information from a Council may variously be obtained through a 

Councillor, a website or a promotional leaflet, each with different prospective consequences in influencing 

the decision.  A promotional leaflet, conversely, may have different effects when it comes from an 

authority, a tank supplier or an environmental organisation.  The approach attempts to answer two 

questions: What sources of information do households use in the household RH adoption decision and 

why?  What sources of information are most valued by use in the household RH adoption decision and 

why? 

Adopter typology demographics 

The demographic characteristics of Adopter types have been a central focus in diffusion research.   
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However, the focus on categorising respondents into typologies of Adopter innovativeness (replicated ad 

nauseum in diffusion research) is not considered extensively here.  This thesis is concerned with explication 

of the nature of the adoption decision process, rather than an account of who is or is not making the 

decision.  Clarke and Brown (2007) tested relationships among demography and attitudes, alternative water 

source usage and household water consumption patterns. They reported that demographic influences are 

statistically weak as a predictor of receptivity to the use of alternative water sources. Other national and 

international studies have similarly found non-significant demographic relationships (e.g. Po et al., 2004; 

Friedler and Lahav, 2005).  Nevertheless, though demographic profiling is beyond the defined scope of the 

thesis, we return to consider it briefly in Chapter 7: Results.  Household demographics help establish the 

generalisability of the research, with attention given to household income, average education level of 

household ‘heads’, household ownership of the residence, number of persons in the household, the type 

of dwelling, and the LGA in which it is located.   

Having concluded the conceptualisation and operationalisation of the theorised constructs of adoption, it is 

appropriate to afford a similar consideration to what is meant by adoption and how it is operationalised in 

the present analysis.



182 of 457 

What is Adoption? 

It is claimed that innovation researchers have seldom measured their dependent variables with precision 

(Downs and Mohr, 1976; Meyer and Goes, 1988).   Downs and Mohr (1976) report that the most common 

measure established the date of adoption and the next most common drew a nominal distinction between 

adoptions and nonadoptions.  Alternatively, in their research on organisational innovation, Meyer and 

Goes (1988: 898) found that taking decisions as the unit of analysis broke a tradition of conceptualising 

innovativeness as a global systemic property, but more accurately reflected the research interest, since 

decision-making is the fundamental unit of innovative action.   

However, it is a priori recognised that in the case of RH adoption, issues other than household RH 

adoption decision-making can moderate the process.  To demonstrate this, the first core element of 

operationalising RH adoption is to provisionally define states of adoption and nonadoption.  The two 

broadest conditions used in categorisation of the existence of RH technologies are evidently: (1) those 

households currently without RH systems; and (2) those households currently with RH systems.   

However, more fine-grained analysis divides these further.  Households without RH systems comprise (a) 

households that, regardless of their views, do not have authority to install a RH system, due to renter status 

or regulation; (b) those households which have considered and rejected RH; (c) those households which 

have not reached an adoption decision; and (d) those households that have decided to install a RH system, 

but have not had the system installed, for example due to the current six-month waiting list for tanks.   

Households with RH systems may similarly be divided among (e) households that are forced to rely on  

RH as their only available source of water; (f) households that have retrofitted RH; (g) households that 

serendipitously moved into a dwelling with existing RH, which may or may not be (h) households with 

mandated RH systems, such as those in greenfield estates, or where RH was mandated as a building 

condition.  These eight taxonomic states show that issues other than household RH adoption decision-

making can moderate adoption.  This problematises the simple use of an RH adoption decision as the  
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basis for Adopter/Nonadopter categorisation.   

With this range of situations acknowledged, it is necessary to design additional survey items and response 

codings in the Adopter Survey to identify whether an explicit household RH adoption decision occurred.  

The issues that influence household RH adoption decision making are of central interest and this 

additional precaution is made so that the significance of the research constructs is not overstated by the 

assumption of RH adoption as the result of household decision making,  

Current circumstances of households do not necessarily reflect their circumstances in the future.  To 

enable more direct comparison between Adopters and Nonadopters on responses to survey items 

identifying physical properties of RH systems (Section 1 of the surveys), a decision was taken to survey 

Nonadopters on the RH system ‘they think they would install’ if they installed one in the future.  An 

allowance is necessary for households that have considered and rejected RH adoption.  For the RH 

adoption decision (Section 2), items reflect the current state of the household decision process.  Item 

construction allows more direct comparison between Adopters and Nonadopters, through a simple change 

of tense: ‘x’ did influence adoption (in the Adopters’ survey) or ‘x’ would influence adoption (in the 

Nonadopters’ survey).  Items on the information sourced by households refer to information which has 

been sought up to the point of the survey.  Section 3 ‘Your views’ solicits information on household 

attitudes. Section 4 ‘Household behaviour’ solicits information on household maintenance and water 

conservation behaviours.  Section 5 ‘Household demographics’ solicits information that allows demographic 

benchmarking and comparison of the samples.  None of these latter sections in the survey required changes.  

The implications of these decisions for each taxonomic state are considered in more detail. 

Households that, (a) regardless of their views, do not currently have authority to install a RH system due to 

rental status or regulation may be identified through addition of relevant items and/or response codings.  In 

the ABS study (Cat No. 4602.0, 2005), these were reported as ‘not responsible’ and ‘not permitted’ and 

respectively comprised 4% and 6% of the reasons for nonadoption reported by Queensland households in 



184 of 457 

2004.  Where RH adoption is prevented by external factors, a decision hierarchy signifies that any 

household action is predicated by these external factors.  The hierarchy requires recognition and shifts the 

emphasis away from an adoption decision. 

Households that (b) have considered and rejected RH adoption allow the most direct comparison to the 

ABS study (Cat No. 4602.0, 2005).  The proportion of Nonadopters falling into this category was 

benchmarked at 31% in that study and is of comparable interest here.  Because of their active 

consideration of RH, this cohort shifts the emphasis toward an adoption decision as the basis for 

operationalising adoption. 

Households that (c) have not reached an adoption decision ipso facto cannot use a decision as the basis 

for categorisation to Adopter/Nonadopter status.  Since the ABS study (Cat No. 4602.0, 2005) reports this 

cohort at 61% of the population at 2004, the size of this cohort shifts the emphasis away from an adoption 

decision as the basis for categorisation to Adopter/Nonadopter status. 

Households that (d) have decided to install a RH system, but have not had the system installed comprised 

15% of the pilot sample.  This strangely large proportion of the sample is due to the current six-month 

waiting list for tanks.  This cohort places an emphasis on an adoption decision as the basis for 

categorisation to Adopter/Nonadopter status. 

Households that (e) are forced to rely on RH as their only available source of water are due to the 

absence of household connectivity to the reticulated mains supply.  This occurs in peri-urban areas and is 

expected to account for a proportion of households in the Beaudesert LGA, at least.  For some, the ‘tree 

change’ lifestyle (and all that goes with it) may be precisely what attracted them to that specific choice of 

dwelling. However, unless it is presumed that the dominant motivating factor for a peri-urban lifestyle is RH 

adoption, this cohort shifts the emphasis away from an adoption decision as the basis for operationalising 

adoption. 

Households that (f) have retrofitted RH systems are anticipated to comprise the largest cohort of recent  
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Adopters.  Since the reticulated mains supply is available to most households in the sample LGAs, these 

households have a motivation to adopt RH that is not explained by the absence of a water supply in the 

group (e) households.  Therefore, they shift the emphasis towards an adoption decision. 

Households that (g) serendipitously moved into a dwelling with existing RH are a marginal, but 

conceptually distinct possibility in the random sampling process.  It is possible (though unlikely) that these 

households moved because of the RH system.  For the problem of operationalising adoption, this cohort 

shifts the emphasis away from an adoption decision. 

Due to the Queensland Building Code, households with (h) mandated RH systems, such as those in 

greenfield estates, or where RH was mandated as a building condition (e.g. home renovation) will, in the 

future, occur more frequently, and perhaps represent a larger proportion of adoptions than they do at 

present.  This cohort shifts emphasis away from an adoption decision. 

The situations defined in conditions (a), (c), (e), (g) and (h) problematises the simple use of an RH 

adoption decision as the basis for categorisation as Adopter or Nonadopter.  The situation defined in 

condition (d) problematises simply using the existence of an RH system as the basis for categorisation as 

Adopter or Nonadopter household.  Closer inspection shows that using an adoption decision to 

operationalise household RH adoption is no more robust than a nominal distinction between adoptions 

and nonadoptions.  

It is the methodological decision taken that the principal survey administration will discriminate Adopter 

and Nonadopter households on the basis of a currently installed RH system at the dwelling.  Further, 

those type (d) households, having ordered an RH system which is not yet installed will be classified as 

Adopters.  It is noted that the RH Adopter survey contains a significant proportion of items asking about 

the actual household experience using and maintaining the RH system.  For these aspects of the surveys, 

the type (d) Adopters more closely resemble Nonadopters, since they are, as yet, unable to comment on 

their actual RH use and experience.  This clearly, is not a refutation of the household RH adoption 
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decision.  However, the primary aim of this research is to identify which of the theorised variables actually 

motivate RH adoption.  Type (d) households were individually asked to complete the Adopter Survey and 

to complete any questions regarding actual use of the RH system in terms of their expectations of actual 

use. 
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CHAPTER 6: METHODOLOGY 

 

 

Chapter Overview 

Previous chapters criticised particular aspects of the generally rich ideas in the ecological modernisation 

(EM) and diffusion of innovation (DI) perspectives for failure in the detail of their operationalisations.  The 

proposed synthesis of EM and DI consequently requires a more substantive conceptualisation and a 

methodological rigor presently lacking in the component theories from which it is developed.  To be truly 

successful, moreover, a synthesis of these perspectives must attribute metrically as well as conceptually, 

the impact of idiosyncratic and systemic factors which play on individual adoption decisions and it must do 

so better than either existing theoretical perspective in isolation.   

Starting from a premise that the household experience is best understood through an actor-centred 

framework, the first stage is also to recognise objective components of the household experience exist 

(such as the characterisation of RH systems) as well as the necessity for contextualisation of the 

household experience in a systemic perspective. Though it essentially remains a social science account of 

rainwater harvesting (RH) adoption, the enquiry draws on multiple disciplines and considers physical 

and/or technical properties of RH systems alongside constructions of RH in economic, environmental, 

governance and social contexts.  Love (2002) argues that a failure to address the unification of such 

central, yet often disparate aspects is a critical weakness in much multidisciplinary research.   However, 

Love (2002: 461) also argues that when “the main characteristic of the overarching theoretical perspective 

contains a strong element of critical analysis”, such a broad ranging and integrative analysis may proceed.  

CHAPTER 6 concerns effective operationalisation and application of this synthesis.  This requires a 

unified and internally consistent methodological hierarchy, which Love divides into seven aspects: 
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1.   Ontological perspective(s) - consisting of the assumptions, beliefs and collection of human values that 
together form a researcher’s view of what existence and reality are. In Reich's (1994) terms, this is the 
researcher's 'world view'. 

2.   Epistemological perspective(s) - define how a researcher's ontological perspective(s) relates to their  

theory of knowledge - the way ‘information’ is understood and used in connection with each analysis 
and theoretical proposal. 

3.   Theories - the theories that support, and are utilised in, a researcher's analyses, research practices 
and conclusions. 

4.   Methodological perspective - provides the assumptions that guide a researcher's choices for research 
methodologies, and the connections between these methodologies and the theoretical details of the 
research. Methodological perspectives are the interface between the underlying theory, the research 
methodology, methods and the techniques that the researcher uses in the objective world. 

5.   Research methodology - guides the researcher's choices for research methods and techniques. 

6.   Research methods - coherent processes of data gathering and analysis techniques. 

7.   Data-gathering and analysis techniques - the basic practical elements of research.  The theoretical 
perspective(s) used in PhD research consist of the abstract and theoretical factors that shape the 
sundry decisions that determine each researchers’ choice of analyses, background material, theories 
and research techniques (Lindsay, 1995; Sharrock & Anderson, 1986; Shipman, 1981).  

This methodology embeds series’ of staged analyses and connects specific choices among each of these 

seven stages.   Conceptual refinement obtained by synthesising the EM and DI perspectives must 

demonstrate continuity and rigor across these stages.  Choices are not presented as a one right answer 

solution, so the rationale for the sets and subsets of decisions taken in shaping the methodology is also 

provided and critiqued.   

Though grounded methods are entirely suitable for an actor-centred analysis, the thesis recognises value 

in building on existing theoretical perspectives, rather than simply ‘reinventing the wheel’.  Burawoy’s 
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Extended Case Method provides a reflective frame for the grounded elements of the analysis by allowing 

the introduction of EM and DI perspectives on household RH adoption. 

The efficacy of each of these perspectives is considered in isolation.  However, they offer complementary 

perspectives and the opportunity for a purposeful integration was recognised.  So, the thesis extends the 

analysis of household RH adoption and simultaneously addresses recognised weaknesses in EM and DI 

through the staged development of an original and philosophically and sociometrically rigorous synthesis 

of these perspectives.   

The methodological development was an iterative process, perhaps no more evident than in the ‘crisis of 

analysis’ of the pilot survey.  The overall approach seeks purposeful integration of subjective and 

objective, philosophical and empirical, inductive and deductive, soft and hard methodologies and top-down 

and bottom-up processes.  The aim is to provide a framework suitable to scaffolding an analysis of 

household RH adoption that is as complete as possible in its scope, detail and integrity. 
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Ontology 

Ontology, the philosophical nomenclature for the study of conceptions of reality, is similar to a term used 

more frequently in the social sciences, of weltenschauung, or world-view.  My personal world view is most 

easily approximated by two arguments.  First, I believe that reality is describable and sufficiently 

predictable as a complex of systems, where systems are organisational agglomerations of phenomena 

that have spatial and or temporal distinction and may have intra-object, extra-object, intra-system, inter-

system and gestalt interactions that approach infinite complexity.  Second, I believe that perspectives on 

the complex of systems are limited by an awareness of the complex of systems that is substantially 

grounded in and predicated by the place of the viewer within the complex of systems.  In summary, this 

means that an actor-centred perspective in a systems context most closely approximates my personal 

sense of reality.  This ontology is made explicit here, and reflected in the hierarchy of the epistemological, 

methodological and procedural choices that follow. 
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Epistemological Framework 
Epistemology is defined by the Oxford English Dictionary as: “The theory or science of the method or 

grounds of knowledge” and derives from the Greek words ‘ἐπιστήμη or episteme’ (knowledge) and ‘λόγος 

or logos’ (account/explanation).  The epistemology of this thesis concerns the evidence put forward in 

interrogation of the synthesis of EM and DI as knowledge and experiences of members of the society in 

which the enquiry is based.  Given the relativism inherent in the way knowledge is constructed within this 

thesis, establishing the plurality and perhaps contradictory nature of valid knowledge deriving from the 

sampled population allows the diverse range of community views and beliefs to be treated fairly and with 

equivalence.  This ‘knowledge’ runs the probable risks of being incomplete, contradictory and even ‘wrong’ 

in the sense that the ‘facts’ as they are held by a few, some or many of the constituent members are not 

mutually agreed by all to be accurate or true.   

This is evidently a challenging premise for the foundation of ‘knowledge’.  However, it is not a new debate.  

A tentative rendering of ‘objective’ and ‘subjective’ knowledge withers under close scrutiny.  Wikipedia 

provides operationalisations of the subjective/objective dyadic in three domains: 

   “In reason, subjectivity refers to the property of perceptions, arguments, and language as 
being based in a subject's point of view, and hence influenced in accordance with a 
particular bias. Its opposite property is objectivity, which refers to such as based in a 
separate, distant, and unbiased point of view, such that concepts discussed are treated as 
objects.”  (http://en.wikipedia.org/wiki/Subjectivity) 

This conceptualisation follows the reasoning of David Hume — who famously argued that, although all 

knowledge begins with experience, it does not follow that it all arises out of experience (Hume, 1740: 93). 

Hume’s argument assumes a sufficiency of separation, distance and a subversion of bias can be obtained 

through the power of the intellect.  However, in counter to the empiricism of Hume, Kant rendered a 

distinction between the causes of experience and the nature of experience itself.  Kant, in the Critique of 

Pure Reason, distinguished between objects as phenomena (objects as shaped and grasped by human 

sensibility and understanding) and objects as things-in-themselves or noumena (which do not appear to us  
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in space and time and about which we can make no legitimate judgements).   

   “In philosophy, subjectivity refers to the specific discerning interpretations of any aspect of 
experiences. They are unique to the person experiencing them, the qualia that are only 
available to that person's consciousness. Though the causes of experience are thought 
objective and available to everyone, (such as the wavelength of a specific beam of light), 
experiences themselves are only available to the person experiencing them (the quality of 
the colour itself).” (http://en.wikipedia.org/wiki/Subjectivity) 

In The World as Will and Representation, Schopenhauer (1818/1996) wrote: "Kant's teaching produces a 

fundamental change in every mind that has grasped it."  Kant’s distinction has been seized on by 

postmodernism and by constructivist methodologies: that there is no ‘objective reality’ because everything 

must be filtered through experience to phenomenologically ‘be’.  Yet, ‘across individuals’, our own 

experiences collude to give us a confidence in the sense that they have at least some semblance of 

‘objectivity’ for being shared with or held also by others.  However, this commonality is simply a more 

broadly held ‘subjectivity’: 

   “In social sciences, subjectivity (the property of being a subject) is an effect of relations of 
power. Similar social configurations create similar perceptions, experiences and 
interpretations of the world. For example, female subjectivity would refer to the perceptions, 
experiences and interpretations that a subject marked as female would generally have of 
the world.” (http://en.wikipedia.org/wiki/Subjectivity) 

We can (and do) share experiences on the basis of membership of a limitless number of such sets.  This 

occurs more commonly as the membership of these sets is broadened and more radically as membership 

decreases.  We are not isolated and alone in our construction of meaning, nor in the values we place on 

perception or experience, but this does not invalidate a ‘first principle’ of the relativism or subjectivity of 

knowledge.  Having satisfactorily, if somewhat summarily considered the nature of knowledge as 

subjective in accordance with the stated epistemological frame (i.e.: “knowledge and experiences of the 

members of the society in which the enquiry is based”), we now turn to the process of treatment given to 

such knowledge.   
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The treatment and management of knowledge 

The scientific method maintains a central concept that all evidence must be empirical, or empirically 

based, meaning that it is dependent on evidence or consequences that are observable by the senses.  

The term ‘empirical’ in the natural and social sciences refers to the use of working hypotheses that are 

testable using observation or experiment.  Empirical data, therefore, are data produced by experiment or 

observation.  They are also subject to and derived from our experiences or observations.   

Clearly, this does not invalidate the preceding explication of the nature of knowledge.  What empiricism 

does do is provide a standardised set of processes for obtaining and treatment of ‘knowledge’.  Empirical 

processes used in the treatment of such knowledge demonstrate standardised uniform and collection and 

treatment of respondent data.  In this way, the methods are replicable, though a separate administration of 

data collection measures used would not necessarily produce an identical data set.  With sufficient sample 

size and where aspects of knowledge and experience are also plural, however, emergent themes are 

likely to be replicated.   

Deduction and Induction 

A final issue deserves attention – the dialectic between inductive and deductive methods shapes the 

conceptualisation and, in turn, informs the research.  Casti (1993:413) argues scientific prediction involves 

deductive inferences from scientific laws.  A deductive reasoning process was used to establish the 

relevance and applicability of the EM and DI perspectives to the research problem.  Moreover, it is an 

application of deductive logic that specific aspects of the two theories may be unbundled for closer 

examination in a way that allows directed lines of questioning.  This takes the form “How did ‘factor x’ 

affect a household decision?”, where ‘x’ is an element of one of the theories, such as the impact of public 

policy (EM), or the compatibility of RH with households needs (DI).  A deductive process also generates 

arguments highlighting the relative weaknesses (and merits) of EM and DI perspectives.   

An inductive line of questioning, taken to the same task, can be argued to offer less bias from ‘theoretical  
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contamination’ of responses, simply by avoiding identification of specific motivating factors.  Instead, an 

inductive line of enquiry might ask: “What were the factors contributing to your household’s adoption 

decision?”  Based on obtained data, induction is employed to generate insights as to underlying 

motivations.  The intention is to explore meanings and the emphasis lies in conceptualisation.  Inductive 

reasoning requires reasoning from specific instances to generalisations and is used to arrive at candidates 

to the lawful relationships themselves.  Inductive approaches to the data, in time, generate and develop 

theory through a bottom-up approach (Price 1999:4).  Grounded theory methodology (Glaser and Strauss, 

1967) is now among the most influential and widely used modes of carrying out such research.   

Alternatively, in the style of Thomas Kuhn (1922), Michael Burawoy and colleagues suggest “to lay out as 

coherently as possible what we expect find in our site before entry” as a pathway to provide fine-grained 

refinements to existing theory in its “theoretical gaps and silences” (Burawoy 1991:10).  It is clear, given 

the relevance of the EM and DI perspectives to household RH adoption, that ignoring the insights that 

derive from these two perspectives would be extremely difficult to justify.  So a wholly grounded 

methodology is not warranted in the context of this research.  However, the opportunity for theory building 

through the extended case method arises from existing theory as a driver of enquiry into the data and from 

the data as a driver of enquiry into existing theory.  As an exploration of a proposed theoretical synthesis, 

data are explicitly used to interrogate the synthesis.  

It is an acceptable technique, even within the same research instrument to combine inductive and 

deductive lines of questioning. This is most usefully served when the inductive line precedes the deductive 

line of questioning.   The extended case method alerts us that information which is not accounted for by 

the theoretical perspectives is of particular interest.  Where data are obtained to interrogate this synthesis, 

and shortcomings feed back into the synthesis, the primary mode of the synthesis returns to induction.  

Specific instances and specific aspects of household adoptions of RH considered in the research process 

are collated, coded and synthesised into ‘empirical constellations’ to arrive at a generalised understanding 

of the motivations for household RH adoptions.   
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In summary, making the epistemology explicit serves two purposes.  First, arguments for the subjectivity of 

knowledge establish that the enquiry preserves an equivalence of household experiences.  This is 

important in establishing consistency with the actor-centred framework used in the subsequent stages of 

method and analysis.  The impact of systemic influences on household RH adoption is entirely compatible 

with this view, since the same systemic influences may mean different things to different households.   

Second, understanding the induction-deduction dialectic means that theoretical expectations can guide the 

research, but the inclusion of inductive reasoning means that conclusions in the research are not limited 

by theoretical expectations.  Since the theoretical synthesis is original, its interrogation is essentially is 

exploratory research.  The enquiry is an attempt to understand and theorise household motivations for RH 

adoption more than it is about fitting the facts to a theory.  The preceding Chapters have simply laid out 

what we might expect to find.  
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Theories 

The theoretical perspectives contributing to this thesis are addressed in Chapters Three and Four. 

Chapter Five concerned the conceptual development of a systems-based, actor-centred framework that 

seeks a synthesis of these perspectives.  In establishing consistency in methodological conceptualisation, 

it is critical to retain awareness that EM developed deductively, whilst DI developed inductively.  

Consequently, the analyses provided in interrogation of these theories, as well as of the theoretical 

synthesis, are appropriately drawn from both inductive and deductive frames of enquiry.  This is achieved, 

simply enough, by allowing a data-driven analysis and a theoretically driven analysis to mutually inform 

each other in the overall analytical procedure. 
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Methodological Perspective 

The primary aim of the methodological perspective is to coherently bridge the preceding conceptual lenses 

of inquiry with the material data obtained from the respondents.  In support of the epistemological 

perspective on the nature of knowledge, the primary requirement is to preserve an actor-centred 

methodology, since the RH adoption decision is made by actors at the household level.  The 

supplementary requirement, since these actors do not exist in a vacuum, is to sufficiently and accurately 

reflect the impact of systemic influences on the actor-centred RH adoption decision making process.  A 

case-study, aggregating individual respondent data in response to each of the Research Aims, fulfils these 

aims and requirements.   

Case studies invoke the use of methods appropriate to obtain understanding in-depth and in the 

complexity of its natural setting (Punch, 1998:152).  Case studies are useful when questions relating to 

‘how’ and ‘why’ are important (Punch, 1998:153), as they are here in understanding the issues catalysing 

and influencing the household RH adoption decision.   
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Research Methodology 

Although a range of methods were considered for data collection, these essentially reduced to a choice 

between interview or survey formats.  The interview format considered for this thesis was a comparatively 

unstructured process such as ‘convergent interview’ (Dick, 2002, 1991), which emphasises a dialectic 

between interviewer and respondent: “Talking informally to people can be an effective method for data 

collection.  The interviewing method resembles informal conversation in some respects.” (Dick, 2002).   

By contrast, the survey method is more structured since it comprises a series of pre-defined questions.  

Consequently, surveys are more closely characterised by a structured set of data in a case by variable 

structural matrix.  After reflection, a decision was made that the research questions, and particularly those 

relating to confirming the range of the theorised dimensions of the Adopter decision, emphasised the 

plurality of community opinion.  What is true for one household is not necessarily true for another; an 

acceptable RH solution for one household is not necessarily satisfactory for another, and so on.  This 

plurality is typically more appropriately addressed by survey because it offers ease of accumulation of 

cases, and of exploring responses to particular dimensions used to describe the characteristics of a set of 

cases.  The survey method also supports the simultaneous collection of qualitative and quantitative forms 

of data, since open ended written-response formats and rating-response formats (such as Likert type or 

behavioural observation items) are standard survey method question formats.  Consequently, a decision 

was made to use the survey method.   

Within the genre of survey research, telephone survey, web-based survey and paper-based survey are the 

most common of current methods.  Because of constraints at the respondent households (such as 

availability) that affect the obtaining of complete data sets, and because a number of the core items either 

benefited from or required reflexive responses which may not be easily forthcoming to respondents in an 

oral interview format, it was determined that asynchronicity of the instrument was an important feature.  

Asynchronicity in data collection instruments refers to the ability of respondents to answer at a different 
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period to which a question is posed, and allows respondents an opportunity to reflect on items before 

responding.  Together, the unpredictable availability of respondents and this reflexive opportunity were the 

principal arguments for eliminating the option of (synchronous) telephone surveys from (asynchronous) 

written and web-based forms.   

The decision between web-based or paper surveys was made on the grounds of accessibility.  A web-

based survey allowed more efficient accumulation of respondents, and was certainly superior in terms of 

post-survey tasks in that coding and collation could be automated by ‘back-ending’ responses directly into 

a database through programmable scripts.  However, web-based surveys present three significant 

limitations.  First, without some measure of gate-keeping in terms of passwords, they are open to criticism 

of dubious responses; second, it limited where the survey could be effectively completed; third and most 

significantly, it could exclude the valid input from households not having convenient access to the web.  

Consequently, data collection by self-administered survey was considered to be most appropriate for the 

research questions and the respondent sample. 

However, response rates for mail questionnaires can be lower than for face to face and telephone 

interviews.  In part, this could be due to the survey administrator not being present throughout the 

respondent’s completion of the instrument, and so this would not be fully resolved by the initial face-to-

face contact that characterises the method of distribution of the surveys used here.  However, high 

response rates are achievable through considered survey construction and follow-up of respondents.  

Therefore, a systematic follow-up regime was designed to promote optimal response rates, based on the 

recommendations of Dillman (2000).  This comprised escalating telephone and written follow-up of non-

respondents. 
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Research Method 

Scope 

The scope of this research is contextualised by its place in the Cooperative Research Centre for Water 

Quality and Treatment (CRCWQT) Sustainable Water Resources PhD program.  RH is strategically 

recognised as a demand management opportunity and the CRC research brief recognised the need for a 

greater social science input towards understanding the viability of community RH use.  The researcher’s 

proposed response to this broadly defined area was to focus the research on the decision making that 

surrounds household RH adoption, and this proposal was accepted by the supervisors of the project.   

Research aims 

To understand household experiences and attitudes towards RH systems and the issues that influence 

their adoption and use by households, this thesis addresses a number of broad research questions, each 

of which concerns a cluster of more fine-grained issues.  The broad questions are: 

 
1. What characterises the RH systems that are adopted by South East Queensland households and how 

are these characterisations connected with adoption, use and maintenance?  
 
2. What are the dominant factors that catalyse and influence the household decision-making in 

connection with household adoption of RH systems? 
 
3. How effective are existing theoretical frameworks in explaining the interaction among the aspirations, 

values and behaviours of individual households, and the impacts of our society and environment in 
support of our understanding of household adoption of RH systems? 

The first question is physically and technically oriented and comprises the ‘what’ of household adoption of 

RH systems.  RH systems may be characterised by physical components and differentiated on the basis 

of the sophistication of their performance, including integration with household water needs and their 

capacity to deliver an alternative supply at identified levels of quality in meeting these needs.  The analysis 
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offered in response to this question characterises physical components, use and maintenance of RH 

systems.  To what extent are RH systems homogeneous across adopting households?  What factors 

moderate physical variation across household RH systems?  What do households seek in terms of 

balancing capacity, chreseology, cost and performance of RH systems?  To enable comparison across 

Adopter and Nonadopter households, Nonadopters were asked to anticipate what characteristics and/or 

components of a RH system they believe they would be likely to adopt if they did install a RH system.  

This becomes:  

Research Aim 1. To characterise Adopters RH systems and RH systems anticipated by Nonadopters in 
terms of their catchment, storage, treatment capacity, end use, and maintenance. 

The second question therefore concerns the ‘why’ and ‘how’ of adoption decision-making.  This thesis 

places the household at the centre of an actor-based enquiry.  Here, solicitation of ‘grounded’, ‘natural’, 

‘theoretically uncontaminated’ household experiences of RH adoption decision making is key.  This 

invokes experience in a constructivist paradigm, since the experiences of one household may markedly 

differ from those of another, even when they concern the ‘objective’ identical context of regional water 

shortage, incentives for adoption, availability of RH system components or access to information about 

household RH systems.   This becomes: 

Research Aim 2. To discriminate and characterise influences nominated by households on the household 
decision-making and behaviour associated with household adoption of RH systems. 

The response attempts to identify factors that catalyse and influence individual household RH adoption 

decisions and seeks emergent patterns across these households. 

With existing bodies of knowledge offering insights to issues in the adoption of decentralised environmental 

technologies like household RH systems, it is appropriate to consider how these perspectives conform to 

the factors that emerge through Research Aim 2.  Ecological modernisation (EM) and diffusion of 

innovation (DI) both seek to explain adoption of decentralised environmental technologies, though they 



202 of 457 

address adoption from different perspectives and so emphasise different aspects of the issue.  The 

extended case method provides a methodological perspective that integrates data driven and theory 

driven enquiry.  Through the extended case method, addressing the first two Research Aims provides a 

base of data that enables the philosophical and empirical scrutiny of EM’s systemic perspective in 

complementary comparison with DI’s actor-centred perspective.  The aim is a comprehensive 

understanding of the issues associated with household adoption of RH technologies.  This becomes:  

Research Aim 3. To evaluate the capacity of the EM perspective to explain household adoption of RH 
systems. 

and 

Research Aim 4. To evaluate the capacity of the DI perspective to explain household adoption of RH 
systems. 

The issues in household RH adoption expounded in these two frameworks are compelling, yet they derive 

from vastly different bases.  EM developed deductively as an iterative consideration of ideas relevant to 

sustainable production and consumption, and offers a perspective on systemic influences.  DI developed 

inductively, based on meta-analysis of the issues that influence ‘proliferation’, and it offers a perspective 

which is actor-centred.  It is the complementary nature of these perspectives which is explored in the 

theoretical development provided in this thesis.  The thesis provides an interrogation of these two 

perspectives by deconstructing them and giving separate consideration to each of the constructs presented 

as influences on adoption before proceeding to a synthesis of the two perspectives.  This becomes: 

Research Aim 5. To evaluate the capacity of a proposed synthesis of EM and DI perspectives to explain 
household adoption of RH systems. 

The deconstruction of the two theoretical perspectives results in a confluence of ideas which does not 

immediately provide discrete factors with which to build a synthesised perspective.  However, a staged 

analytical development open to exploratory and confirmatory treatment by qualitative and quantitative 

analyses is used to purposefully develop this synthesis.  A competent synthesis can promulgate and 
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ascertain empirical support for the ascendant ideas of EM and it can transform continued reliance on the 

problematic factor structure of DI.  The result is a theoretically-derived and empirically supported model of 

decentralised environmental technology adoption that is actor-based and sensitised to the systemic context.   

Units of analysis 

Units of analysis are dependent on the research question posed.  When a study’s independent and 

dependent variables are conceptualised as pertaining to different units of analysis, the dependent variable 

determines the appropriate level of analysis (Freeman, 1978; Rosseau, 1985). 

For Research Aim 1, the units of analysis are the RH system components, measures of household end 

use of harvested rainwater, and measures of RH system maintenance.  For Research Aim 2, the units of 

analysis are the theoretically unframed influences on the household RH adoption decision nominated by 

households.  These are coded against the theorised constructs to confirm the inclusiveness and scope of 

subsequent analyses.  For Research Aim 3, the units of analysis are the constructs derived from the EM 

perspective in their capacity to explain the household RH adoption decision.  For Research Aim 4, the 

units of analysis are the constructs derived from the DI perspective in their capacity to explain the household 

RH adoption decision.  For Research Aim 5, the units of analysis are the constructs synthesised from the EM 

and DI perspectives in their capacity to explain the household RH adoption decision. 

Participants 

Parameters on the research population and sampling further refine the research scope.  The efficacy of 

RH is significantly defined by geography, due to regional variation in rainfall and forecast climate change, 

taken into account for its impact as reduced rainfall yield.  Based on accepted climate change forecasting 

(e.g. CSIRO, 1996; CSIRO, 2003), a decision was made to narrow the geographical scope of the project 

to South East Queensland, where the climate is likely to assure ongoing yields to provide sustainable RH.   

Households are the participants/respondents in this research.  A key advantage of households concerns  
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validity as an ‘actor’ in the actor-centred methodology used in this research.  Households are important in 

shaping sustainable consumption of water because they are typically the atomic social and economic unit 

in which community consumption decisions are made and behaviours enacted.  Within the household unit, 

resources are often pooled and consumption decisions are shared or made on behalf of others (Diepen 

1998: 24-7). Households reflect individual lifestyle preferences but they are more relevant than considering 

the consumption decisions of an individual. Households also reflect community and cultural practices and 

values and may be aggregated in the case study approach as representative of a community.   

The Australian Bureau of Statistics defines a household as a “person or a group of people living together 

and having common provision for food and other essentials of living” (ABS 2004b).  The United Nations 

defines a household as a socioeconomic unit consisting of individuals who live together occupying all or 

part of a dwelling (cited in Van Diepen, 1998: 83). These operationalisations have two defining characteristics 

commonly shared by other definitions: (a) the household as a housekeeping or economic unit that shares 

resources and (b) the household as a physical unit with spatial boundaries.  Together, these characteristics 

are used to operationalise households studied in this thesis.  There are advantages and disadvantages of 

this operationalisation.   

The primary disadvantage is that it includes unit dwellings, permanent dwellings in caravan parks, and so 

on, where multiple households reside on a single title (and under existing law do not therefore have 

financial responsibility for their water consumption).  This minimises the likelihood that the sampled 

household has the authority to install a RH system and it complicates isolation of the sampled household’s 

water consumption in connection with any RH system at this location.   

However, it does reflect urban infill, particularly the trend toward multiple unit dwellings in urban areas.  It 

offers an interesting opportunity for understanding responsibilities and actions assumed by an individual 

household both as an actor ‘within’ this micro-community, and also in comparison with households in 

stand-alone rented dwellings, for whom the ability of the household to exercise choice in RH adoption is 

also marginal.  Preserving this operationalisation of household in its entirety, it is noted that approaches 
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were made to two caravan parks in the course of data collection.  In each case, management of the 

caravan park refused entry to the researcher on the grounds of privacy agreements with the park tenants.  

Therefore, no data were collected from caravan sites. Similarly, with the random selection of respondents, 

no instances were recorded where multiple households occupied the same dwelling. 

Sampling design and procedure 

Inevitably, sample size is an operational constraint.  Sampling design and procedure developed over four 

broad stages.  In the first stage, consideration was given to sampling across the over one million households 

within the SEQ region. There are eighteen Local Government Areas (LGAs) in the region and these 

implicate different household opportunity in terms of urban development, social demographics, governance 

resources, rainfall yield in the local geography and varying residential demand on the mains water supply.  

Sampling across LGAs allows more systematic selection across a range of these conditions.   

Sampling error is based on the number of the sample relative to the size of the population and the more 

heterogeneous the population, the larger the sample size needed for reliability.  The heterogeneity of 

LGAs within the region implies a trade-off between a sample that diminishes potential generalisability to 

the South East Queensland region by considering too few LGAs. Conversely, drawing a sample from too 

many LGAs, spreads sampling too thinly to establish potential sub-regional characteristics at the LGA 

level and hence, evidence of any corresponding heterogeneity in RH adoption and use.   

A decision was made to sample households across five LGAs.  The LGAs were selected based on five 

factors: (a) geography and annual rainfall, (b) current population and planned growth, (c) centralisation (as 

a City or Shire), (d) available support for household RH adoption and (e) current residential mains water 

demand.  As a final measure, the City of Toowoomba was included in the sampling process.  Toowoomba 

is outside the formal SEQROC boundary, but is of special interest because it recently held an unsuccessful 

plebiscite to approve the use of recycled water as an integrated supplement in the mains supply.  Since 

this mooted use of recycled water presages likely water resourcing measures across SEQ, it was a matter  
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of interest as to whether RH was increasingly adopted to avoid reliance on the recycled water.  TABLE 6.1 

presents available summary data on these measures.  The five LGAs selected were: 

1. Beaudesert     (inland with sub-mean rainfall, small size with strong growth, decentralised, no RH 
system rebate, high L/p/d demand),  

2. Brisbane         (coastal-inland with mean rainfall, large size with moderate growth, urbanised, major 
RH system rebate, moderate L/p/d demand),  

3. Ipswich           (inland with mean rainfall, moderate size with strong growth, urbanised, major RH 
system rebate, high L/p/d demand),  

4. Redcliffe         (coastal with super-mean rainfall, small size with moderate growth, urbanised, no RH 
system rebate, low L/p/d demand),  

5. Toowoomba   (inland with sub-mean rainfall, moderate size with moderate growth, urbanised, minor 
RH system rebate, low L/p/d demand). 

The second stage in the development of the sampling design comprises sampling households within these 

LGAs.  Since the recent ABS 4602.0 (2005) data show that only 5% to 8% of households in the South 

East Queensland region had rainwater tanks installed at that time, a completely random sample might 

therefore capture a valid cross section of community activity and opinion, but yield too little data from the 

relatively infrequent households with RH systems.  Similar sample sizes in groups are desirable to support 

the use of parametric statistical techniques in analyses of data, which generally are more powerful than 

non-parametric statistical methods (that are better able to accommodate unequal sample sizes).  Given 

the relative rarity of household with RH systems, it was considered appropriate to use a stratified sampling 

of RH and non-RH households.    

The sampling design tables two categories of RH system adoption with five of the LGA communities in 

South East Queensland.  A stratified sampling procedure is used to fill N=50 in each of ten conditions 

provided in the matrix of RH system by LGA, as shown in FIGURE 6.2, for a total N=500.  Whereas the 

preceding discussion of RH technologies as a research dimension (cf  Epistemology) highlighted four 

conditions within each of the RH and no-RH conditions, the likelihood of filling equivalent numbers in each 

of these eight sub-cells is not only doubtful, but distorts an understanding of the frequency of their 

occurrence within the SEQ community.  They are, therefore, appropriately considered in analysis and 

discussion but are not appropriate as a foundation for sampling. 
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FIGURE 6.2: Conditions used in the research design 
  Original Graphic 

 
RH System   Local Government Area (LGA) 
   

 
RH System present 

  
Beaudesert  

   

No RH System present X Brisbane  
 

  Ipswich  
 

  Redcliffe  
 

  Toowoomba  
 

It is noted that a sample of 500 households constitutes only 0.05% of this population. Yet population size 

is only likely to be a factor in sampling error when working with a relatively small and known group of 

people.  With a confidence interval of ±5, the sample needed for a confidence level of 95% is 384.  With a 

confidence interval of ±1, the sample size needed for a confidence level of 95% is 9,513.  At a confidence 

level of 99%, these required sample size blows out to 664 and 16,317, for the ±5 and ±1 confidence 

intervals, respectively.  Ultimately, while the practicalities of significantly increasing the sample are beyond 

the scope of this thesis, the cooperation rate of 57% from the sample yielded a confidence interval of ±5.8 

at a confidence level of 95%.   

The third stage in the development of the sampling design was the progressive consideration of a series of 

six alternative methods to secure an appropriate sample size within these conditions.  This practical 

consideration is due to the relative infrequency of RH households in the population.   

First, the CRCWQT has established alliances with several Councils and it was initially planned that these 

alliances could be used to establish households that had received the rainwater tank installation rebate as 

part of the sampling process.  Although this effectively limited the respondent households to those 

receiving rebates, it was anticipated that this sample could be supplemented by sampling using the third 

approach (below).  The researcher approached Councils and the Queensland Government, seeking to 

secure the addresses of households receiving rebates for rainwater tank installation.  However, despite  
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negotiations, Councils were unable to release data on the basis of the Privacy Act.   

An alternative approach was proposed to Councils, in terms of an administrative process whereby the 

researcher provide to Councils, paid envelopes containing the survey and reply paid envelope.  This 

approach allowed dissemination of surveys to households without releasing restricted information to the 

researcher.  Although this was weaker in terms of the respondent follow-up procedure available to the 

researcher, it was again considered that that this sample could be supplemented by sampling using the 

third approach (below).  With the exception of Toowoomba City Council, Councils were unwilling to 

cooperate in this process or a similar alternative.  To preserve a standardised approach in data collection, 

Toowoomba City Council’s offer of cooperation was acknowledged, but declined. 

Third, it was considered that Google Earth and/or commercially available geographic information systems 

offer aerial photography that could be useful to identify and pre-screen houses with RH systems in both 

the greenfield and retrofitted conditions.  Again, the opportunistic nature of this process was not regarded 

as a serious methodological flaw, given that the nature of this research is exploratory, and places an 

emphasis on characterising the nature of social interactions with RH in the stratified sample.  However, it 

transpired that these programs had unexpected limitations.  First, they were not sufficiently updated so 

that aerial images were often two or more years old; second, that they were unable to locate a diversity in 

tank type – for example in their inability to locate below ground, under eave or under floor tanks; and third, 

that the image resolution was not sufficiently fine-grained in any event to produce a reliable image.   

Fourth, approaches were made to a series of rainwater tank retailers and the research project explained 

with tank sales data requested to locate RH Adopter households.  Privacy legislation also prevented this 

avenue.  A final attempt at pre-screening was made by approaching a series of real estate agents directly, 

seeking details of homes with rainwater systems listed for sale.  Privacy legislation also prevented this 

avenue.  

With the available options for pre-screening eliminated, it was resolved to ‘door knock’ homes individually  
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to engage their participation.  Using a local street directory, a procedure was developed based on random 

selection of streets in a locality, and households within streets.  Specifically, a street starting with ‘A’ was 

identified, and the first available residence in that street approached; then a street starting with ‘B’, and so 

on.  Although time consuming, this process had several benefits.  It eventuated that the initial face-to-face 

contact between the researcher and the household was well received by householders and is likely to 

have increased the response rate on the survey instrument compared with a ‘faceless’ mailing out.   

After the pilot survey administration, this methodology was retained in a modified form.  To increase the 

likelihood of sampling the effects of the Visibility construct in neighbourhood micro-communities, five 

households (in whatever combination of RH and non-RH adopting households occurred) were randomly 

sampled from each street until the relevant quota was filled. 

The fourth stage in the sampling design process involved the approach made to selected households.  

This was achieved by reciting a standardised script (APPENDIX A1) introducing the researcher and the 

research project.  Households were shown a copy of the research instrument so that they could see what 

was required in terms of completing the instrument before they were asked to participate.  Although this 

resulted in occasional rejections (actually fewer than 2%), this is not regarded as a serious methodological 

flaw because it had as its upside, a sense that those households that did accept the survey were more 

likely to be earnest in their undertaking to complete it to the best of their ability.  This is particularly helpful 

in minimising the overall return rate of surveys, and within surveys, to minimise the amount of missing 

data.  Households accepting the survey were provided with a reply paid envelope and asked for their 

cooperation to return the survey within a one-week period to promote a strong response rate.  Households 

for which it was considered may be helpful were also asked if they would prefer a large print survey.  

Pilot survey 

Development of the Pilot Data Collection Instruments 

Two data collection instruments were developed for the pilot study.  The first of the instruments (pAS) was  
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developed for households that already installed a RH system and the second (pNAS) for households that 

had not already installed a RH system.  Survey content was developed from a review of the Draft Manual 

for Good Practice in Household Rainwater Harvesting (CRCWQT, 2005), currently marketed technologies 

in RH systems, operationalisation of the theoretical constructs, issues and dimensions in the research 

literature on EM and DI, items following issues raised in the ABS 4602.0 (2005) report, items reflecting 

current governance, experience and communication in South East Queensland such as Council and State 

Government policy, or extrapolated from these sources.  The two surveys follow a similar format with five 

component sections respectively covering (a) the RH system, (b) household decision making, (c) 

behaviours and (d) beliefs relevant to RH and (e) household demographics.   

While triangulation through different modes and sources of data collection can inform assessments of data 

quality, it is simpler to assess the quality of the data instruments.  Two primary criticisms of the survey 

method were recognised and, as far as possible, accommodated in the development of the pilot survey 

instruments.  First, it was recognised that psychological barriers to survey completion are diminished by 

structuring the survey so that a variety of question formats are used.  Initially, the questions are easy to 

complete and are, in part, intended to encourage households to continue completing the survey.  Items 

generally progress from less to more personal, and from less cognitively demanding to more demanding, 

with the later questions requiring recall and reflection.  A variety of response formats are used for their 

suitability to differing aims of question formulation.  Language contributes to psychometric rigor in scale 

development and was an important consideration in item construction.   

Secondly, written expression is more demanding than verbal responses, so that respondents of lower 

education levels may be less likely to complete written surveys than more educated respondents.  

Moreover, the elderly may be limited by education, diminishing sight and writing ability.  Because these 

limitations are known, every effort has been made to ensure that items are presented in a visually and 

cognitively simple format, and measures including language simplification and psychometric tuning (e.g. 

one issue per item, checking item to response format) taken to minimise these weaknesses.  Additionally, 

as mentioned, a large print version of the survey was also available to respondents on request.   
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The pilot survey instrument provided to households that already installed a RH system is summarised in 

TABLE 6.2 and available in full as APPENDIX B1.  The instrument provided to households that had not 

already installed a RH system is summarised in TABLE 6.3 and available in full as APPENDIX B2.   

TABLE 6.2 Component sections of the pilot data collection instrument for RH-adopting households. 
 
Section Description Items 
 

Cover Page An integral introduction to the research including an explication of how 
to complete various response formats corresponding to different items 
contained in the survey and contact details for the researcher 

0 

1: RH System A section that obtained data on the physical characteristics of the 
current household RH system in terms of its components.  This 
section also asked respondents to identify additions or changes they 
had considered to the current RH system. 

17 

2: Decision Making A section that obtained data on the influences on the household RH 
adoption decision, information sources contributing to this decision 
and end uses of rainwater.  Note that individual questions comprised 
multiple separate data points1 

12 

3: Household Behaviour A section that obtained data on the existing water conservation 
behaviours and the maintenance behaviours effected by the 
household in connection with the RH system. 

12 

4: Your Views A section that obtained data on household beliefs and attitudes.  Note 
that individual questions comprised multiple separate data points1 3 

5: Household Demographics A section that obtained demographic data on the household 14 
 

1 In total, this survey comprised 80 separate data points 

 
TABLE 6.3 Component sections of the pilot data collection instrument for Non-RH-adopting households. 
 
Section Description Items 
 

Cover Page An integral introduction to the research including an explication of how 
to complete various response formats corresponding to different items 
contained in the survey and contact details for the researcher 

0 

1: RH System A section that obtained data on the physical characteristics of a RH 
system in terms of the components that households nominated they 
would choose if they did install a RH system.  

13 

2: Decision Making A section that obtained data on the influences on the household 
consideration of RH, information sources contributing to this 
consideration and planned end uses of rainwater.  Note that individual 
questions comprised multiple separate data points1 

13 

3: Household Behaviour A section that obtained data on the existing water conservation 
behaviours and planned maintenance behaviours of the household in 
connection with any future RH system. 

16 

4: Your Views A section that obtained data on household beliefs and attitudes.  Note 
that individual questions comprised multiple separate data points1 1 

5: Household Demographics A section that obtained demographic data on the household 14 
 

1 In total, this survey comprised 80 separate data points 
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Cover Page.  A cover page on both survey types had two sections.  The first reported contact details for 

the project supervisor, the researcher, and the Griffith University Ethic Committee.  The second provided 

instructions and examples of how to complete the survey and advised that email and telephone support 

was available to complete the survey and a large print version available on request. 

Section One: RH System.  17 questions were developed on component technologies in different stages of 

RH systems, namely Collection, Conveyance, Storage and Delivery.  This section used a series of images 

and text descriptions of component technologies to promote informed responses from those households 

who did not necessarily have an understanding of the name or function of the specific components.   

Households with RH systems mark the response check boxes for each image to indicate components 

present in their RH system.  Households without an RH system circle the check boxes to show what 

components they would choose if they did install an RH system.  Multiple choice, multiple response and 

short written answer question formats are used to gather further information on the RH system.  

Section Two: Decision Making.  12 questions were used in a combination of short written answer, multiple 

choice and multiple response formats.  Short answer questions solicited factors that influenced the 

household consideration or decision making regarding RH adoption and end use.  Multiple choice items 

were then used to ascertain the effect on the household of the theorised constructs offered by the EM and 

DI perspectives.  The semantic differential response scale had six steps ranging from ‘Critically relevant to 

this household’ to ‘Totally irrelevant to this household’.  The remainder of the section comprised multiple-

response questions relating to information sources, end uses, and miscellaneous short answer questions. 

Section Three: Household Behaviour.  12 questions were used in multiple choice, multiple response and 

short written answer formats.  These solicited data on RH system maintenance and water conservation 

behaviours.   

Section Four: Your Views comprised three questions, the largest having thirty-six items in multiple choice 

answer format.  A Likert-type response scale was used because agreement with a statement is useful for 
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measuring attitudes.  Items were taken from a pool of around 100 original multiple choice items, based on 

the application of the EM and DI constructs to RH in the South East Queensland context.  The objective 

was to contrast the unframed short answer responses from Section Two with responses on the multiple 

choice items used in Section Two (concerning behaviours) and items in Section Four (concerning attitudes), 

which were based on the impacts of the theorised constructs. 

Section Five: Household Demographics comprised multiple choice, multiple response and short written 

answer question formats that solicited household demographic data.   

Survey Pre-testing. 

Following the initial development of the pilot instruments, pre-testing for inadvertent errors, semantic 

clarity, individual items and response formats, and respondent motivation to complete the survey was 

conducted in separate trials with persons known to the researcher such as colleagues, friends and family.  

The survey instrument was critically reviewed in the light of specific and generalised feedback obtained 

from these pre-test respondents.  Pre-testing improved several minor issues concerning the language and 

design of the survey instruments.   

Griffith University Ethics Committee approval.   

The revised pilot survey was submitted to the Griffith University Ethics Committee and approval was 

obtained from the Griffith University Ethics Committee for the survey to be administered in accordance 

with procedures outlined in the thesis methodology (Approval AES/14/06/HREC). 

Pilot Administration.   

One of the five LGAs (Ipswich) was selected for a pilot administration.  61 surveys were delivered in 

accordance with the outlined sampling procedure, comprising 30 Nonadopter respondents and 31 Adopter 

respondents including a single respondent in the condition ‘RH System fitted before purchase by current  
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occupants’.  It was initially hoped this condition could be maintained independently from the retrofitted RH 

condition throughout the research program.  However, this was the only respondent household identified. 

Consenting households received the relevant survey and a reply paid envelope.  Although the front page 

provides contact details for information and/or support, no requests for support were received.  However, 

because one respondent was functionally illiterate, the researcher sat with the respondent and read the 

items and responses, allowing inclusion of that household.   

One week after the survey mail-out, the researcher personally delivered a letter to each household.  The 

letter thanked respondent households for their participation and encouraged households to complete the 

survey and mail it in.  A further two weeks later, households not responding received a duplicate survey, 

reply paid envelope and a letter requesting their response and outlining their importance in the sample.   

Pilot Analysis.   

Three issues were clear in the analysis of the pilot survey: (a) location of respondents in the category ‘RH 

System fitted before purchase by current occupants’; (b) response rates; and (c) challenges to analyses 

using pilot data.   

The door-knocking process was weak in securing respondents in the category ‘RH System fitted before 

purchase by current occupants’.  This respondent category includes serendipitous adoption and greenfield 

housing in which RH adoption was mandated.  Greenfield sites that were at the stage of household 

occupation had completed planning applications before RH was mandated by Council and none of the 

homes in the three greenfield sites canvassed had voluntarily installed RH systems.  Since door-knocking 

was the most effective available option for data collection, it was accepted that location of respondents in 

that category could be bundled with Adopters and an item added to show serendipitous adoption.   

Though there were no refusals at the first point of contact, so the pilot response rate of 51% was lower 

than hoped.  The last pilot survey was returned four months after the initial administration, and taken to 
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mean that respondents have a genuine interest in completing the survey, but response rates would benefit 

from an improved follow-up regime.  To address response rates, three escalating follow-up stages were 

planned.  In addition, the researcher decided to ask respondents for a telephone number. Households 

consenting to telephone contact would be telephoned one week from the initial administration to answer 

any questions relating to survey items and to address any issues that may develop into non-responses.   

Third and most significantly, an evaluation of the pilot was made in terms of the obtained data.  While pilot 

data are reported in CHAPTER 7, the pilot resulted in the recognition of a requirement for substantial 

redevelopment of the data collection instruments. The emphasis on theoretically-unframed open-ended 

questioning of household experiences in the pilot survey was intended to provide sufficient evidence to 

support an inductive theoretical investigation.  Despite strengths in other areas, analysis revealed the 

existing items provided too little data for a comprehensive analysis of the theorised constructs. Further 

items that specifically interrogated the theoretical constructs were required.  In hindsight, the instrument 

design oversight was due to an early preference for data collection using induction from convergent 

interviews.  However the rich data that yield from an interview do not obtain from paper surveys simply 

through the addition of more space for responses.   

Redevelopment of the survey instruments 

Redevelopment of the Decision Making section proceeded in four stages. This revision also considered 

data obtained in the pilot – particularly to revision of constructs operationalisations.  This began with the 

identification and development of a new construct, concerning the household need for Independence or 

control over its water supply.  This would originally have constituted a sub-issue of the Relative Advantage 

construct.  However, Independence was so dominant (nominated by 64% of pilot respondents) that it 

required closer attention.  A consequent revision of the Relative Advantage construct expanded to 

segregate further subsidiary constructs proposed by Moore and Benbasat (1991).  In addition to 

introducing new constructs, Moore and Benbasat had also reoperationalised Rogers’ five innovation 

attributes to concern the expectations and experience of actual use of the innovation.  The addition of  
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these new constructs led to a realisation that all of the existing constructs required redefinition, refinement 

and reoperationalisation in order to preserve convergent and discriminant validities.   

Since the key purpose of the revision was that the instruments provide more specific assessment of the 

theorised constructs, the process returned to first principles.  The first stage was item creation through a 

fairly uncritical process aimed at creative item generation.  An initial item pool for each of the fourteen 

redefined constructs was developed by categorising individual items in the existing pilot instruments and 

adding new items that either fitted the construct definitions, or that were derived from more generalised 

observations of community experience of RH adoption in the pilot data, or that were reflective of the ABS 

(2005) data on household RH adoption.  Item pools were created for Community, Compatibility, Cost and 

Economy, Ease of Use, Environment, Experience, Governance and Regulation, Image, Independence, 

Relative Advantage, System Sophistication, Technological Innovation, Visibility and Voluntariness.   

Once this was done, new items were created for those constructs with fewer than ten items, or where it 

was felt that not all dimensions of the construct had been covered. Together, over two hundred newly 

created and existing items were placed in a common pool. 

Items in the pilot data collection instruments had been developed for use with semantic differential and 

Likert-type scales.  So, standardisation of a response format was also required.  Because factors relevant 

to operationalising the constructs included important elements with no clear behavioural quality, a five-

point Likert scale ranging from "strongly agree" to "strongly disagree" was chosen as the response format.  

Coefficient alpha reliability with Likert-type scales has been shown to increase up to the use of a 5-point 

response, but then it levels off (Lissitz and Green, 1975).  Items were then reviewed to ensure compatibility 

with the response format. 

Once the item pools were created, the second stage re-evaluated items to ensure principles of good item 

construction.  The objective of this second stage was not a deep psychometric analysis, but simply to 

ensure content item validity and to modify or eliminate those items which were now redundant, ambiguous 
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or that reflect more than one construct.   Items were rewritten for clarity and to present only a single idea.  

Although a proliferation of items contributes to survey burden, concise item wording minimises response 

bias due to respondent fatigue (Anastasi, 1976), an increasingly relevant consideration with the 

burgeoning size of the survey.   

It was recognised that some items may attract response bias.  Systematic influence from a confounding 

factor such as social desirability (Crowne and Marlowe, 1964), regarding a tendency for bias towards more 

‘socially acceptable’ responses (over ‘truer’ responses), such as for the item:   

‘We have, on occasion, ignored water restrictions for our household or garden needs’ 

This item might result in negative responses because of the current social climate of the unacceptability of 

unlawful use or perceived water wastage, as well as the actual respondent preferences for conservation of 

water usage.  While these effects can be meliorated through careful item wording, it is difficult to eliminate 

bias altogether, since the influence of possible sources of bias may not be known.     

Reverse-scored items were also developed to attenuate response pattern bias (Idaszak and Drasgow, 

1987).  Reverse-scoring of items has been shown to reduce questionnaire response validities in some 

cases (Schriesheim and Hill, 1981) and may introduce systematic error since item loadings have been 

shown to be lower for reverse scored items than positively worded items loaded on the same factor 

(Hinkin, 1995: 972).  Therefore, reverse scored items were included only where reversing the item better 

expressed the item content, for example as an inhibitor of action: 

‘Because of the extra costs involved, we decided not to plumb the tank water for inside use’  

The first round of sorting was conducted by the researcher.  The review process often made significant 

contributions to an iterative revision of the theorised constructs.  For example, the following items were 

considered in connection with the Governance and Regulation construct item pool: 

(a)  Ensuring access to water during mains restrictions was an important part of the decision to get a tank 
(b)  Without the Council/Government rebates we would not have installed a tank  
(c) Installing a RH system is a sensible condition of all new buildings and alterations  
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With the redefinition of constructs, Governance and Regulation was ‘rationalised’ to refer only to those 

aspects of governance and regulation regarding RH.  Governance and Regulation as it applied to mains 

water restrictions was more appropriately considered as an operationalisation of the Independence 

construct, so Item (a) was transferred to the Independence construct item pool.  Item (b) was originally 

developed for inclusion in the Cost and Economy construct item pool.  With refinement of the Governance 

and Regulation construct, this item was transferred to the Governance and Regulation construct item pool.  

Item (c) fitted the new operationalisation of Governance and Regulation and was retained in that item pool. 

As construct definitions grew progressively more defined, revision reduced the item pool to 123 items.   

Stage three applied successive rounds of sorting and was opened up to independent judges.  Sorting 

rounds used face validity as a basis for allocation to constructs in order to establish an independent 

measure of convergent and discriminant validity.  The first step asked judges to sort the items without 

construct definitions, or even specification of the number of constructs.  Therefore, the summary items 

were removed from this analysis, reducing the item pool to 109 items.  Three judges (i.e., two additional to 

the researcher) supplied their own construct labels and definitions.  

The Item pool was compiled alphabetically in a single column on an MS Excel spreadsheet and formatted 

so that the first row remained visible on the screen as judges scrolled down the list of items.  This format 

enabled judges to type a category label (of their own devising) in the first row of the first column, a second 

category in the first row of the second column and so on across any number of columns in the remainder 

of the spreadsheet. These would remain on the screen throughout the sorting process.  The spreadsheet 

was supplied as an attachment to an email that contained instructions outlining the process. In that email, 

judges were cued, as they had been by Moore and Benbasat, that some items were ambiguous.  In 

addition, judges were able to telephone or email the researcher with any additional questions.   

This process is intended to minimise “interpretational confounding” which occurs “as the assignment of 

empirical meaning to an unobserved variable other than the meaning assigned to it by an individual a 

priori to estimating unknown parameters” (Burt 1976: 4).   
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However, sorting items from an established item pool into a small number of categories is less cognitively 

demanding than sorting amongst a larger number (greater discrimination amongst items is proportional to 

more categories).  It follows from this that when the number of sorting categories is unspecified, that 

judges will tend to reduce, rather than expand the number of categories they nominate.  If the number of 

categories created by the various sorting judges, the labels assigned to them and the items included 

therein are consistent, “then scales based on these categories could also be said to demonstrate 

convergent and discriminant validity” (Moore and Benbasat, 1991: 200).  Moreover, if several judges 

define a priori the meaning of the constructs represented by the items and these match the scale’s intent, 

then confidence in the construct validity of the scale is supported.  

A second indicator of construct validity concerns the convergence and divergence of items within 

categories.  If an item is consistently placed within a particular category, then it is “considered to 

demonstrate convergent validity with the related construct, and discriminant validity with the others.” 

(Moore and Benbasat, 1991: 200).   

This procedure was, therefore, intended for use as a ‘warm-up’ exercise to the relatively complex task of 

sorting amongst the fourteen intended categories. This is similar to the technique used by Davis (1989) in 

his assessment of the coverage of the domain of his constructs.   

In Step 1, the number of categories nominated by the judges ranged from six to fourteen (Judge 1 is the 

researcher), with the external judges nominating a smaller number of categories, as predicted.  Nominal 

categories of Convenience, Environment and Society drew the greatest number of Items in this first step of 

the inter-judge task.  Data from Step 1 are shown in TABLE 6.4. 

In the second step of this third round, the same judges were provided with constructs and construct 

definitions and the additional 14 summary items, for a total of 123 items.  Judges were asked to sort the 

items on the basis of these definitions.  Data from Step 2 are shown in TABLE 6.5.  Items on which other 

raters diverged from the rating provided by the researcher are shown in grey. 
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TABLE 6.4:  Interjudge item categorisation – Step 1. 
 
Judge Groups Category Labels           Items (in alphabetical item order) 

1 14 Cost and Economy (8) 3, 34, 37, 64, 76, 77, 78, 100 
  Ease of Use (10) 13, 15, 26, 51, 52, 70, 79, 87, 89, 93 
  Environment (9) 7, 19, 25, 53, 69, 85, 94, 95, 106 
  System Sophistication (8) 12, 38, 45, 46, 47, 66, 68, 98 
  Experience (4) 31, 33, 65, 105 
  Independence (11) 9, 14, 23, 41, 44, 62, 73, 90, 91, 99, 101 
  Voluntariness (3) 10, 20, 39 
  Relative Advantage (10) 5, 11, 16, 28, 49, 54, 55, 56, 57, 58 
  Technological Innovation (5) 29, 35, 36, 63, 67 
  Governance and Regulation (12) 2, 6, 8, 21, 50, 61, 71, 74, 81, 96, 104, 109 
  Image (6) 24, 40, 48, 80, 86, 87, 88 
  Community (10) 27, 30, 42, 43, 59, 60, 72, 75, 83, 92 
  Compatibility (5) 22, 32, 82, 84, 88 
  Visibility (5) 18, 97, 102, 103, 108 

2 6 Environmental reasons (28) 1, 5, 8, 9, 20, 22, 26, 31, 32, 34, 54, 55, 56, 57, 58, 59, 
62, 64, 69, 70, 76, 83, 84, 92, 93, 94, 95, 106 

  Health considerations  (10) 11, 13, 15, 24, 41, 48, 68, 96, 98, 99 
  Others’ opinions/ experiences (14) 12, 17, 19, 25, 43, 44, 61, 81, 97, 102, 103, 105, 107, 

108 
  Only if subsidised by 

Government  
(5) 51, 72, 82, 104, 109 

  Household economy or 
convenience 

(41) 3, 4, 7, 10, 14, 16, 21, 23, 27, 28, 29, 30, 33, 35, 36, 37, 
38, 39, 40, 46, 47, 49, 50, 52, 53, 65, 66, 67, 71, 74, 75, 
77, 78, 79, 80, 87, 88, 90, 91, 100, 101 

  Not interested in a tank (9) 2, 6, 18, 42, 25, 60, 63, 73, 85, 86, 89 

3 9 Money (10) 3, 13, 27, 34, 37, 64, 76, 77, 78, 100 
  Environment (10) 15, 26, 51, 52, 70, 79, 82, 87, 89, 93 
  Convenience (24) 1, 4, 5, 7, 11, 19, 22, 25, 28, 32, 38, 44, 49, 53, 69, 73, 

84, 85, 90, 91, 94, 95, 101, 106 
  Technology (13) 12, 29, 35, 36, 45, 46, 47, 48, 63, 66, 67, 68, 98 
  Experience (3) 31, 33, 105 
  Government (14) 2, 6, 8, 9, 14, 20, 21, 41, 50, 61, 71, 74, 81, 82 
  Health (2) 23, 99 
  Water sources (6) 16, 54, 55, 56, 57, 58 
  Society (25) 10, 17, 18, 24, 30, 39, 40, 42, 43, 59, 60, 62, 65, 72, 75, 

80, 83, 86, 88, 92, 97, 102, 103, 107, 108 
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TABLE 6.5:  Interjudge item categorisation – Step 2. 
 
Judge Category Labels            Items (in alphabetical item order) 

1 Cost and Economy (9) 4, 6, 8, 38, 41, 78, 90, 91, 92, 114 
 Environment (12) 1, 5, 10, 23, 29, 60, 67, 83, 99, 108, 109, 120 
 Governance and Regulation (13) 3, 7, 9, 11, 25, 61, 75, 85, 88, 95, 110, 118, 123 
 System Sophistication (9) 15, 42, 49, 50, 51, 55, 80, 82, 112 
 Technological Innovation (6) 33, 39, 40, 62, 77, 81 
 Community (12) 21, 31, 34, 46, 47, 57, 73, 74, 86, 89, 97, 106 
 Compatibility (6) 26, 36, 53, 96, 98, 102 
 Ease of Use (11) 16, 18, 30, 54, 65, 66, 84, 93, 101, 103, 107 
 Experience (5) 35, 37, 59, 79, 119 
 Image (7) 20, 28, 44, 52, 94, 100, 121 
 Independence (12) 12, 17, 27, 45, 48, 58, 76, 87, 104, 105, 113, 115 
 Relative Advantage (11) 8, 14, 19, 32, 56, 63, 68, 69, 70, 71, 72 
 Visibility (6) 22, 64, 111, 116, 117, 122 
 Voluntariness (4) 2, 13, 24, 43 

2 Cost and Economy (12) 4, 6, 31, 38, 41, 78, 85, 90, 91, 92, 95, 114 
 Environment (10) 1, 5, 10, 29, 60, 67, 83, 108, 109, 120 
 Governance and Regulation (10) 7, 9, 11, 25, 61, 86, 88, 110, 118, 123 
 System Sophistication (7) 15, 27, 49, 50, 51, 55, 113 
 Technological Innovation (8) 39, 40, 62, 65, 66, 81, 82, 112 
 Community (8) 24, 34, 57, 76, 89, 97, 104, 106 
 Compatibility (7) 3, 26, 32, 36, 52, 53, 98 
 Ease of Use (9) 8, 16, 30, 54, 84, 93, 101, 103, 107 
 Experience (12) 21, 33, 35, 37, 43, 59, 77, 79, 80, 119, 121, 122 
 Image (9) 13, 20, 28, 44, 74, 100, 102, 116, 117 
 Independence (3) 12, 58, 115 
 Relative Advantage (10) 17, 19, 56, 63, 68, 69, 70, 71, 72, 87 
 Visibility (2) 22, 64 
 Voluntariness (9) 2, 14, 23, 45, 46, 47, 48, 75, 105 

3 Cost and Economy (12) 4, 6, 8, 23, 38, 41, 78, 90, 91, 92, 114, 118 
 Environment (11) 1, 5, 10, 29, 60, 67, 83, 99, 108, 109, 120 
 Governance and Regulation (12) 3, 7, 9, 11, 25, 61, 75, 85, 88, 95, 110, 123 
 System Sophistication (12) 15, 42, 49, 50, 51, 52, 55, 65, 66, 80, 84, 112 
 Technological Innovation (7) 33, 39, 40, 62, 77, 81, 82 
 Community (12) 13, 28, 31, 34, 57, 74, 86, 89, 97, 105, 106, 121 
 Compatibility (12) 14, 26, 32, 36, 43, 53, 87, 96, 98, 101, 102, 107 
 Ease of Use (6) 16, 18, 30, 54, 93, 103 
 Experience (5) 35, 37, 59, 79, 119 
 Image (5) 20, 44, 73, 94, 100 
 Independence (10) 12, 17, 27, 45, 48, 58, 76, 104, 113, 115 
 Relative Advantage (8) 19, 56, 63, 68, 69, 70, 71, 72 
 Visibility (6) 22, 64, 111, 116, 117, 122 
 Voluntariness (3) 2, 21, 24 

Fleiss' kappa is a generalisation of Scott's pi statistic.  It measures the agreement among any number of 

raters who each classify n items into k mutually exclusive categories.  It can be interpreted as expressing 

the extent to which the observed amount of agreement among raters exceeds what would be expected if 

all raters made their ratings completely randomly.  Since the gross number of constructs was now controlled, 
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Fleiss’ kappa ( ) (requiring an equal number of categories) was calculated manually, just for the fun of it, 

but is also available using the macro (MKAPPASC.SPS) developed by David Nichols at SPSS (1997).   

Fleiss’ kappa ( ), is defined as: 
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.. and p = the proportion of ratings by two raters on a scale having 

k categories, n = the number of subjects rated, m = the number of raters, jp  = the mean proportion  

for category j, and jq  = 1 – the mean proportion for category j.  If the raters are in complete agreement 

then κ = 1. If there is no agreement among the raters (other than what would be expected by chance), 

then κ ≤ 0.   

Fleiss’ kappa   = 0.769, indicating good agreement among judges.  By convention, a Kappa > .70 is 

considered as good inter-rater reliability, but this depends highly on the researcher's purpose. Landis and 

Koch (1977) and Krippendorff (1980) agree that at this level, Fleiss’ kappa  , indicates substantial inter-

judge reliability.   

The fourth stage of instrument redevelopment attention was given to assuring that the separate Adopters’ 

and Nonadopters’ surveys were more directly comparable than they had been in the pilot administration.  

This was achieved by preserving the language in individual items and modifying the tense in which the 

items were worded for use in the Nonadopter survey.  That is, items were reworded so that Nonadopters 

were asked to consider what they would do if they installed a RH system in the future, and instructed to 

leave specific items blank if they would not install a RH system. 

Nevertheless, instrument redevelopment burgeoned the item count.  The instruments consequently grew 

from 80 items over eight pages to over 350 data points across 200 items over twelve pages.  The 

instrument provided to households that had installed a RH system is summarised in TABLE 6.6 and is 

available in full as APPENDIX B3.  The second instrument, provided to households that had not installed a  
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RH system is summarised in TABLE 6.7, and is available in full as APPENDIX B4.   

TABLE 6.6: Component sections of the primary data collection instrument for RH-adopting households. 
 
Section Description Items 
   

Cover Page An integral introduction to the research including an explication of how to 
complete various response formats corresponding to different items 
contained in the survey and contact details for the researcher 

 

1: RH System A section that obtained data on the physical characteristics of the current 
household RH system in terms of its components.  This section also 
asked respondents to identify additions or changes they had considered 
to the current RH system. 

17 

2: Decision Making A section that obtained data on the influences on the household RH 
adoption decision, information sources contributing to this decision and 
end uses of rainwater.  Note that individual questions comprised multiple 
separate data points1 

54 

3: Your Views A section that obtained data on household beliefs and attitudes.   12 
4: Household Behaviour A section that obtained data on the existing water conservation 

behaviours and the maintenance behaviours effected by the household in 
connection with the RH system. 

12 

5: Household Demographics A section that obtained demographic data on the household 15 
 

1 In total, this survey comprised over 350 separate data points 

TABLE 6.7: Component sections of the primary data collection instrument for non-RH-adopting 
households. 

 
Section Description Items 
   

Cover Page An integral introduction to the research including an explication of how to 
complete various response formats corresponding to different items 
contained in the survey and contact details for the researcher 

 

1: RH System A section that obtained data on the physical characteristics of a RH 
system in terms of the components that households nominated they would 
choose if they did install a RH system.  

14 

2: Decision Making A section that obtained data on the influences on the household 
consideration of RH, information sources contributing to this consideration 
and planned end uses of rainwater.  Note that individual questions 
comprised multiple separate data points1 

54 

3: Your Views A section that obtained data on household beliefs and attitudes.   12 
4: Household Behaviour A section that obtained data on the existing water conservation behaviours 

and the maintenance behaviours effected by the household in connection 
with the RH system. 

12 

5: Household Demographics A section that obtained demographic data on the household 15 
 

1 In total, this survey comprised over 350 separate data points 

Cover Page.  A cover page on both survey types had two sections.  The first reported contact details for 

the project supervisor, the researcher, and the Griffith University Ethic Committee.  The second provided 
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instructions and examples of how to complete the survey and advised that email and telephone support 

was available to complete the survey and a large print version available on request. 

Section One: RH System was almost wholly preserved from the pilot survey. This section used a series of 

images and text descriptions of component technologies to promote informed responses from households 

who did not necessarily have an understanding of the name or function of the specific components.   

Households with RH systems mark the response check boxes for each image to indicate components 

present in their RH system.  Households without an RH system circle the check boxes to show what 

components they would choose if they did install an RH system.  Multiple choice, multiple response and 

short written answer question formats are used to gather further information on the RH system.  

Section Two: Decision Making comprised the primary revision of the data collection instruments and this 

section expanded to 150 items.  The revised format was more structured than the pilot, though it retained 

multiple choice and short written answer question formats soliciting much more targeted data on the 

theorised constructs.  Each of the theorised constructs was presented sequentially, and comprised three 

questions – a series of items for which respondents ranked agreement on a 5-point Likert scale; a short 

answer question asking how that theorised construct had specifically impacted the household; and a 

summary item of the overall impact of the issues in each construct on household decision making, again 

on a 5-point Likert scale.  In addition, a series of short answer questions solicited data on other factors 

relevant to the decision making (or ‘consideration’ in the case of Nonadopters) process.   

Section Three: Your Views in the revised instruments was reduced to a series of short answer responses 

to RH issues in the South East Queensland context and Likert responses to a construct adapted from 

Moore and Benbasat which focused on post-installation satisfaction. 

Section Four: Household Behaviour in the revised instruments was largely preserved from the pilot 

surveys.  It comprised multiple choice, multiple response and short written answer question formats.  

These solicited data on RH system maintenance and water conservation behaviours.   
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Section Five: Household Demographics required no further revision of items and was transferred from the 

pilot survey.  It comprised multiple choice, multiple response and short written answer question formats 

that solicited household demographic data. 

Pretesting.  A similar pre-testing phase was implemented (with persons known to the researcher) to 

gauge the impact of the extra items. Feedback indicated that the increased number of items was not as 

great a concern to the pre-testing respondents as had been anticipated. 

Ethical clearance 

Since the nature of the content had not substantially altered, the Griffith University Ethics Committee 

advised further action was not necessary from the AES/14/06/HREC approval, though the revised 

versions of the instruments were forwarded for their records.   
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Data Collection 

Data collection was effected using the sampling procedure outlined earlier.  This section describes the 

approach made to households.  A street directory was used to identify a street starting with the letter ‘A’.  

The first available residence in that street was door-knocked. The address was checked at the letter box 

before the approach to the household and confirmed with the household.  A standardised script 

(APPENDIX A1) introduced the researcher and the research project.  Households were shown a copy of 

the research instrument so that they could see what was required in terms of completing the instrument. 

Before they were asked to participate, the researcher provided information to the household on key issues 

in RH adoption and use, such as the impact of lead flashing on catchment quality, and addressed any 

comments or questions that arose.  This dialog usually lasted a few minutes, though in a number of cases 

it often resulted in a ‘tour’ of the RH system and conversations up to thirty minutes. 

Households accepting the survey were provided with a reply paid envelope and asked for their cooperation 

to return the survey within a one-week period to promote a strong response rate.  Households for which it 

was considered may be helpful were also asked if they would prefer a large print survey.  On conclusion of 

any discussions, the researcher asked if the household would like to be telephoned to discuss any issues 

that arose in completion of the survey.  Telephone or email contact details were taken for households that 

consented.  

To increase the likelihood of sampling the effects of the Visibility construct in neighbourhood micro-

communities, five households (in whatever combination of RH and non-RH adopting households occurred) 

were randomly sampled from each street until the relevant quota was filled.  The whole procedure was 

then repeated on a street starting with ‘B’, and so on.   

In order to promote respondent anonymity no personal identifying information was obtained in the survey.  

Instead, individual surveys were discreetly marked with a numbering machine (consecutively numbering 

the surveys). The systematic number regime allowed instant identification of the adoption status of the 
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household and the LGA in which the household was located.  To enable individual tracking of surveys a 

journal was maintained immediately after the first point of contact with respondent households.  The 

survey identification number was matched with a street address, a name where provided and any contact 

details provided by the respondent.  At the end of each day of survey distribution these data were entered 

into an MS Excel spreadsheet along with the date of contact.  This spreadsheet was used as the basis for 

administering the follow-up regime – for example to schedule and record follow-up actions, receipt of 

respondent surveys and other comments and results. 

One week after the survey mail-out, the first in an escalating series of further action is taken to obtain a 

valid response from respondent households.  This consisted of a telephone follow-up to those households 

that had requested telephone contact.  This contact seeks to encourage non-respondents to complete the 

survey by identifying and addressing their individual barriers to response.   

Ten days after the original administration, households from which a response had not yet been received 

were mailed the first follow-up letter (APPENDIX A2).  This letter thanks respondents for participating in 

the survey, affirms their value in contributing to the research as a member of the community, offers a 

replacement survey in case the original was misplaced, and otherwise encourages households to promptly 

complete and return their survey.   

At twenty days from the original administration, those households from which a response had not yet been 

received were mailed the second follow-up letter (APPENDIX A3).  This letter similarly thanks respondents 

for participating in the survey and offers a replacement survey in case the original was misplaced.  It 

advises that if they are experiencing difficulty with any aspect of the research, that they should contact the 

researcher and otherwise encourages households to promptly complete and return their survey.  In 

addition, all those households that had provided telephone contact details were called to encourage non-

respondents to complete the survey by identifying and addressing their individual barriers to response.  

Those respondent households that decline further involvement were thanked for their initial interest. 
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Up to this point, the respondent spreadsheet was reviewed every four or five days.  At each review, 

respondent households that had recently returned their survey were mailed a letter acknowledging receipt 

of the thanking the household for their participation.   

At four weeks after the original administration, those households from which a response had not yet been 

received were mailed the final follow-up letter (APPENDIX A4). This letter similarly thanks respondents for 

participating in the survey, affirms the significance of the household given the sample size and advises 

that if they are experiencing difficulty with any aspect of the research, that they should contact the 

researcher.  Enclosed with the letter are a duplicate of the survey appropriate to the household RH 

condition and a reply paid envelope.  It advises that for budgetary reasons, no further contact will be made 

with the household and strongly encourages households to promptly complete and return the survey 

provided.  Mean cost per respondent was $12.  A summary of the efficacy of the follow-up regime is 

presented in TABLE 6.9. 

TABLE 6.9: Efficacy of the follow-up regime on response rates. 
 
Responses received at each stage of follow-up protocol Isolated Cumulative 

Frequency Rate Frequency Rate 
 

Responses received without follow-up activity 141 28.2%   
Responses received with first follow up letter 82 16.4% 223 44.6% 
Responses received with second follow up letter 21 4.2% 244 48.8% 
Responses received with third follow up letter 35 7.0% 279 55.8% 
 

Response rates and non-response bias 

Sample surveys have been used for over seventy years as a tool to document thought and behaviour 

because of their ability to describe large populations without bias and within measurable levels of 

uncertainty (Neyman, 1934).   

There is some disagreement about what constitutes an acceptable response rate.  Babbie (2007: 262) 

suggests: “A review of the published social literature suggests that a response rate of 50% is considered 

adequate for analysis and reporting.  A response rate of 60% is good; a response rate of 70 percent is 
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very good.”  Though others suggest non-response need not alter survey estimates (Curtin, Presser and 

Singer, 2000; Keeter, Miller, Kohut, Groves and Presser, 2000; Merkle and Edelman, 2002). 

There is an increasing trend for more households to refuse to respond to surveys. Invasion of privacy and 

being too busy are the main reasons given for these refusals (e.g. Baruch, 1999). Acceptable rates do 

vary with the type of research and the sampled population, however the California State University Public 

Research Institute website suggests that: “one of the few things nearly everyone agrees about in survey 

research is that response rates are falling, and have been falling for many years.”  Steeh (1981), in a 

meta-analysis of response rates, found a statistically significant increase in refusals over 25 years of data, 

with refusals across a range of survey domains tripling in this period.  Though Steeh’s research is 

somewhat aged now, more recent studies confirm this trend.  For example, one widely cited report 

describes response rates for the University of Michigan's National Survey of Consumer Attitudes as falling 

on average one percentage point over the past twenty-five years, from 72% in 1979, with the decline 

accelerating in more recent years to 48% in 2003 (Curtin, Presser and Singer, 2005). Similarly, the 

California Health Interview survey, one of the most extensive single-State surveys conducted anywhere, 

achieved response rates of 38% in 2001 and 34% in 2003 (UCLA Center for Health Policy Research, 2005).   

There is no commonly agreed standard that defines response rates.  Johnson and Owens (2003) report 

that response rates were undefined and possibly inflated by comparison to the standards prescribed by 

the American Association for Public Opinion Research (AAPOR) in 54% of social science journals and 

56% of health sciences journals.   

The author believes that the rigorous AAPOR standards are best practice and appropriate to reporting 

response rates in this research.  The overall AAPOR response rate is defined as the number of complete 

interviews divided by the number of eligible reporting units that are attempted in the sample. The response 

rate for the survey is 32.0%, calculated using the AAPOR RR1 methodology: 

                                       I       254 
RR1 = –––––––––––––––––––––––––––––– =   ––––––––––––––––––––––––––––––  

                        (I + P) + (R + NC + O) + (UH + UO)        (254 + 25) + (246 + 265 + 3) + (0 + 0) 
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Where RR = Response rate, I = Complete interview (>90% survey completion), P = Partial interview (90% 

- 50% survey completion), R = Refusal and break-off (<50% survey completion, incorporating non-return), 

NC = Non-contact (no one home at the time the household was approached), O = Other (willing but 

unable for defined reasons to complete the survey such as blindness), UH = Unknown if household/ 

occupied and UO = Unknown, other.  These are operationalised in the AAPOR (2006) document, 

Standard definitions: Final dispositions of case codes and outcome rates for surveys.  The response rate 

may be contrasted with the Cooperation Rate (which is often misreported as the response rate). A 

cooperation rate is the proportion of all cases interviewed of all eligible units ever contacted. 

                            I                                  254 
COOP1 = –––––––––––––  =  –––––––––––––––––   
                  (I + P) + R + O       (254 + 25) + (246)  

 

The overall AAPOR cooperation rate for this survey is 48.4%, calculated using the AAPOR COOP1 

methodology.  RR1 and COOP1 are the most stringent of the AAPOR methods. 

Lessler and Kalsbeek (1992) identify that response rates vary greatly over surveys of different designs in 

the same population, so that everyone is potentially a respondent or a non-respondent, depending on their 

propensity to respond to the attributes being surveyed.   

Response rates are important for their potential impact on non-response bias.  Groves (2006: 662) argues 

“while non-response bias clearly does occur, the non-response rate of a survey alone is not a very good 

predictor of the magnitude of the bias.”  Some of these biases are related to the sample propensity to 

respond to the attributes being surveyed so that non-response causes non-response bias, whereas some 

are not, so that non-response does not cause non-response bias (Groves, 2006).  A set of causes that is 

distinct and uncorrelated with the survey variable would result in data “missing completely at random” 

(Little and Rubin, 2002): aka the ‘separate causes model’.   

Alternatively, the ‘common cause model’ recognises covariance between the survey variable and the 

propensity to respond to it could be due to a common cause for both of them.  Here, for example, the 
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notion of ‘topic interest’ could predicate results.  In the present survey of RH, this would be evident when 

response rates for households with RH systems are notably higher than for households without RH 

systems.  This result was observed, with a cooperation rate of 61.6% of Adopter households, but only 

40.0% of Nonadopter households using the AAPOR COOP1 method.  Groves (2006) suggests that this is 

because a set of interests, in this case concerning RH, are partially met by participating in a survey about 

it, so that their interest is a causal factor in their decision to respond.  RH Adopter households evidence a 

good cooperation rate, though more caution is needed in interpreting the results obtained from 

nonadopting households.  However, Groves maintains that response bias is only introduced when the 

respondents’ interest distort the data relative to the overall aggregated population means on particular 

survey variables, such as willingness to pay for RH system installation.  Groves argues this model 

otherwise preserves the “missing completely at random” quality of data, within homogeneous classes of 

interest (Groves, 2006; Little and Rubin, 2002). Separate analyses of the RH Adopter cohort and RH 

Nonadopter cohort data allow the continued attribution of nonresponse as “missing completely at random.” 

Groves’ third model of non-response bias, the ‘survey variable cause model’, concerns bias that is directly 

a consequence of the survey variable: using a self-report written survey to measure literacy, for example, 

is confounded by the non-response of the illiterate.  It is not applicable to this research.   

Groves’ fourth model, the ‘non-response measurement error model’, recognises bias in the sample mean 

as a function of response rates because of measurement error differences between easily reached, 

cooperative respondents and inaccessible, reluctant respondents.  Departing from randomised selection, 

burdens the analyst with adjusting respondent estimates both for nonrandomised selection procedures 

and for nonresponse (Groves, 2006; Chang and Krosnick, 2001). On the basis of maintaining the 

randomised selection procedure, the researcher encouraged households expressing reluctance due to the 

length and burden of the survey to remain in the research sample.  Burden of the survey, as measured by 

pages in a self-administered questionnaire, produces lower response rates (Goyder 1985; Heberlein and 

Baumgartner 1978).  The effect of this nonresponse as a source of potential non-response bias cannot be 

summarily dismissed.  While this does not automatically insinuate a non-response bias, it is possible to 
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form an impression of any potential bias by generating a split-half analysis, with the break between 

unprompted and heavily prompted survey returns.   

The fifth model proposed by Groves, the ‘non-response error attenuation model’ concerns non-response 

that is caused by large random measurement errors, for example, through a poorly constructed item that 

attenuates a true response with noise from the item’s poor construction.  It is respectfully submitted that 

the considerable attention given to item development has largely meliorated a non-response error effect of 

this type. 

Ceteris paribus, a higher response rate is desirable.  Nevertheless, the AAPOR Response Rate and 

AAPOR Cooperation Rate achieved in this research should be considered in the light response rates 

observed in other public opinion research, and terms of these perspectives on non-response bias.  Of the 

five sources of non-response bias identified by Groves’ (2006), only the ‘non-response measurement error 

model’ is identified as a potential threat to non-response bias in this research.  The effect of the ’non-

response measurement error model’ is considered in CHAPTER 7 by generating a split-half analysis, with 

the break between unprompted and prompted receipt of returned surveys. 
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Planned Analyses 

Multiple staged analyses are necessary to progress the research aims of this thesis, and these are 

sequentially considered. 

Research Aim 1. To characterise Adopters RH systems and Nonadopters’ projections of likely RH 
systems in terms of their catchment, storage, treatment capacity, end use, and 
maintenance. 

Descriptive statistics are sufficient for the analysis of Research Aim 1.  This aim is self-contained and does 

not progress to subsequent analyses. 

Research Aim 2. To characterise the discrete influences nominated by households on the household 
decision-making and behaviour associated with household adoption of RH systems. 

The purpose of Research Aim 2 is to provide grounded data that can be used in conjunction with the 

extended case method as an indication of the scope and inclusiveness of the theorised constructs.  

Identification of any unspecified (i.e. untheorised) factors is made through a thematic assessment of 

written response items that require households to nominate the issues that influenced the household RH 

adoption decision.  These items are placed in the survey before the theorised constructs are introduced, to 

minimise any ‘theoretical contamination’.  Thematic analysis codes written responses against the constructs 

but remains dispassionate, so that responses which do not clearly fit the theorised constructs are not 

‘forced’ into the constructs, but a category at this stage planned as ‘Other’.  Any responses consequently 

allocated to the ‘Other’ category will be subjected to further content analysis through a process of concept 

mapping to explore themes in these responses.  Since this is an unknown area at this stage, this process 

is simply identified as aimed at uncovering latent issues.  Although Research Aim 2 indirectly progresses 

to subsequent analyses, descriptive statistics are sufficient for the analysis of these data.   

Through the extended case method, Burawoy and colleagues suggest “to lay out as coherently as 

possible what we expect find in our site before entry” as a pathway to provide fine-grained refinements to 
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existing theory in its “theoretical gaps and silences” (Burawoy 1991:10).  The constructs derived from the 

EM and DI perspectives are overlaid on the analysis of these written response data. 

Since the items which operationalise each of the constructs derived from the two theoretical perspectives 

are not yet empirically tested, the items and the constructs themselves become the focus of Research Aim 

3 and Research Aim 4. 

Research Aim 3. To evaluate the capacity of the EM perspective to explain household adoption of RH 
systems. 

 
Research Aim 4. To evaluate the capacity of the DI perspective to explain household adoption of RH 

systems. 

123 decision making items with a Likert-type response format are designed for assessment of the impact 

of the constructs derived from the EM and DI perspectives.  Limitations of sample size preclude the 

massive simultaneous analyses needed to compute the effect of each item in its effect on adoption.  With 

123 items spread across the theorised constructs, a sample size of 1,300 is recommended if adoption is 

operationalised dichotomously (Adopters versus Nonadopters), 5,200 if the eight subsidiary gradations in 

these two categories are considered and more than 20,000 if RH system sophistication is integrated as a 

additional dependent variable (Tabachnick and Fidell, 1996).    

Instead, an understanding of the effect of the constructs must consider constraints of the available data 

set.  The revision and expansion of the decision making item bank offers significantly greater opportunity 

for more purposeful analyses.  This includes development of summated rating scales through which a 

global assessment of the complex of issues underpinning each construct can be reduced to summary 

measures for use in subsequent analyses.   

Summated rating scales have four main features (Likert, 1932).  First, they must contain multiple items, 

with the implication that the items will be combined.  Second, each item must measure something on a 

quantitative continuum.  Third, responses to the items contain no single ‘right answer’.  Fourth, each item 
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in the scale is a statement, to which respondents provide ratings.  Summated rating scales can have good 

psychometric properties, including validity and test-retest and internal consistency reliability, where 

multiple items measuring the same construct inter-correlate with each other.   

There are generally five major steps in scale construction (Spector, 1992: 6), the first three of which are 

complete: (a) defining and refining the construct that the scale is intended to measure, (b) design of the 

scale itself, including instructions, development of an item pool, and scale and response set formats, (c) 

third, the initial item pool is critiqued.  Subsequently, internal consistency is calculated through 

administration of the scale.  If satisfactory scores are obtained, the scale can be validated and normed.  

However, since it is a priori recognised that many of the theorised constructs are multidimensional, an 

intermediate stage is added to the analysis, following the survey administration. 

First, reliability coefficients will be calculated for the group of items operationalising each construct – first 

on the aggregated respondents, and then repeated for the Adopter cohort and for the Nonadopter cohort.  

Cronbach’s alpha and the Spearman-Brown stepped-up reliability coefficient will be used as measures of 

reliability.  Cronbach's alpha is the average of all possible split half reliabilities for a set of items and can 

be interpreted as the percent of variance the scale would explain relative to a hypothetical ‘true scale’ 

(composed of all possible items in the universe).  By convention, a lenient cut-off of .60 is common in 

exploratory research; alpha should be at least .70 or higher to retain an item in an "adequate" scale; and 

many researchers require a cut-off of .80 for a "good scale."  

Cronbach's alpha increases as the number of items in the scale increases, even controlling for the same 

level of average intercorrelation of items.  This reflects the assumption that scales and instruments with a 

greater number of items are more reliable.  Technically, alpha coefficients are indicators of the relative 

absence of item error variance, and not indicators of unidimensionality (Gardner, 1999), so that the alpha 

level is used as a heuristic approximation of item error variance.   

Cronbach's alpha is compared with the Spearman-Brown coefficient, which is a similar statistic using  
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calculated using standardised variances on the component items.  The consequent ‘standardized’ alpha 

represents an ‘upper bound’ to the more conservative Cronbach’s alpha.   

The aim of this first step is to determine whether significant benefits can be obtained by deleting items 

from the formative scale.  Significant benefit is taken to mean that deletion of the item improves the alpha 

coefficient by at least 0.1 on at least two of the three respondent groups (aggregated, Adopters, 

Nonadopters) and that the item can be deleted without a significant loss of meaning or semantic coverage 

in these scales, i.e. even if the item is statistically unhelpful, semantic relevance can prevent deletion. 

The intermediate stage in the proposed scale development applies principal components analyses (PCA) 

to each of the formative scales.  This is another assessment of construct validity.  Principal components 

analysis is motivated by the search for latent variables, to determine any structural relationships among 

the items, and to determine the relative impact of these variables. This stage considers whether multiple 

subscales are more appropriate than a single summary scale, based on dimensionality in each of the 

theorised constructs.   In this case, it seeks identification of potential ‘subfactors’ within each of the 

theorised constructs.  The underlying aim is to reduce the dimensionality while retaining most of the 

original variability in the data. PCA is often preferred as a method for data reduction.   

Streiner and Normal (1989) argue that Cronbach's alpha can be quite high if correlated on separate 

clusters of items which intercorrelate well within each cluster, even if the clusters don't correlate with other 

clusters.  That is, when two scales which each measure a distinct construct are combined to form one long 

scale, alpha is inflated although the merged scale is obviously tapping two different attributes.   

In order to obtain the clearest impression of these relationships, factor solutions will be rotated using the 

Varimax procedure with Kaiser Normalization.  Orthogonal rotation produces uncorrelated factors.  

Varimax is widely believed to be the best orthogonal rotation to find a factor solution that is equal to that 

obtained in the initial extraction but which has the simplest interpretation (De Coster, 1998).  Kaiser's 

normalization tends to decrease the standard errors of the loadings for the variables with small  
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communalities (Haruhiko, 1999).  PCAs will similarly be separately conducted on the aggregated 

respondents first, and then repeated for the Adopter cohort and for the Nonadopter cohort.   

The final step in the scale development process optimises factorial solutions for each of the theorised 

constructs.  Fomell (1983) argued that because factor loadings can be rotated in numerous ways, factor 

analysis results may be "indeterminate".  That is, data reduction may be observed in a statistical sense, 

though the underlying meaning of the data reduction may remain unclear.  This is similar to the problem 

discussed earlier of the Relative Advantage ‘superfactor’ in the DI perspective.   

Thus, the approach to the quantitative analysis is to seek a satisfactory concinnity between meaning and 

confirmatory statistical analysis.  This is a more considered process than merely the statistical calculation 

and subsequent transposition of factors, i.e. a mathematical result is not regarded as the sole arbiter of 

data reduction.  In fact, the process may become comparatively unstructured, of reflection and case by 

case reasoning by the researcher.  It comprises questions such as: ‘What distinguishes subfactor ‘a’ from 

subfactor ‘b’, and what value is there in making this distinction concrete through separation of the 

subfactors versus any advantages obtained by cohering them?’  To answer questions of this sort requires 

iterative interactive reasoning among issues in the statistical support given by the PCA and reliability 

analyses, the relevant theory, issues of operationalisation, and of context.   

Grounding constructs in a priori ideas follows prescriptions where the constructs of interest are based on a 

substantial body of prior research (Rogers 1983; Tornatzky and Klein 1982) and where items are 

developed to fit the constructs’ conceptual meaning as a method of ensuring construct validity (Bohmstedt 

1983; Campbell and Fiske 1959; Kerlinger 1978).   

The final stage in the planned analysis to take the reduced data (whether the formative scales are 

relatively unchanged, or whether they benefit from further data reduction) and proceed to a series of 

discriminant function analyses. 

Discriminant function analysis (DFA) is an analog of multiple regression, suitable for classification of cases  
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into the values of a categorical dependent – such as the Adopter/Nonadopter dichotomy.  Discriminant 

analysis can be conceptualised as the inverse of MANCOVA.  That is, based on respondents’ scores, the 

theorised constructs (or subfactors of the constructs) will classify respondents as Adopters or Nonadopters. 

If discriminant function analysis is effective for a set of data, the factors used in the classification will yield 

a high correct percentage of cases allocated to the appropriate categorical dependent.  This follows 

explicit purposes of DFA, to (a) test theory by observing whether cases are classified as predicted; (b) 

determine the most parsimonious way to distinguish among groups and (c) determine the percent of 

variance in the dependent variable explained by the independents.  
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CHAPTER 7: RESULTS 

 

Chapter Overview 

CHAPTER 7 presents the results of analyses from the two stages of data collection.  The pilot survey and 

the principal survey administration are reported separately.  The same reporting format is used for both 

survey administrations, with results grouped in the sections used to structure the survey instruments, 

namely: (a) an Administration Summary, comprised of the sample, response and cooperation rates and 

summary household demographics; (b) Characteristics of Household RH Systems, comprised of physical 

characteristics of household RH systems in terms of catchment, storage, treatment, end use and 

maintenance, together with background data on general household water conservation behaviours; (c) RH 

Adoption Decision Making, comprised of the information sources used by households, grounded data on 

the issues nominated by households as influential in their RH adoption decision, and analyses of the 

theorised constructs as they influence household decision making relevant to RH (which is the main 

emphasis).   

For the principal survey administration the staged analyses relevant to developing the final discriminant 

function analysis are reported in detail, with supporting tables reported in the Appendices to provide 

transparency in the progression of the decision processes. 
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Pilot Survey Results 

Administration summary 

Sixty-one pilot surveys were administered to randomly selected households in the Ipswich LGA as follows: 

thirty-one Adopter households comprising thirty households that had retrofitted a RH system and a single 

household that had serendipitously moved in to a home with an existing RH system; and thirty Nonadopter 

households, operationalised as not having an existing operational RH system at the time of the survey.   

An AAPOR RR1 response rate for the Pilot is incalculable, since no record was made of households that 

were unavailable at the time of contact.  However, the AAPOR COOP1 cooperation rate was 57.4%, 

(71.0% of RH Adopters, 43.3% of RH Nonadopters) and there were no refusals at the point of first contact.  

Descriptive data are presented for the Pilot, though more advanced quantitative analyses are omitted due 

to small sample size.   

TABLE 7.1: Demographic profile of Adopter and Nonadopter households (pilot survey respondents). 
 

Demographic Characteristic RH Adopter Profile RH Nonadopter Profile 
 N=21 N=13 
 

Mean number of resident persons (Mode) 2.86 (2) 2.62 (2) 
Median age bracket (Head of household) 36-55 years 36-55 years 
Mean time at household 12.5 years 13 years 
Median household income bracket $60,000 - $90,000PA $30,000 - $60,000PA 
Median education level (Head of household) Post secondary  Post secondary 
Median Lot size 1100m2 847m2 
Mean Dwelling size 140m2 140m2 
Mean catchment (% of roof area) 68% 82%∗ 

∗ for Nonadopter households this is the percentage of roof catchment that could conveniently be used as catchment 

The demographic profiles of Adopter and Nonadopter households in the pilot survey administration are 

summarised in TABLE 7.1.  Pearson’s Chi square is not robust at this sample size, but returned a non-

significant difference for household income (χ2 4.27, df = 6, p = 0.64).  Within group variation prevented 

calculation of statistical significance in differences in Lot size. 
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Characteristics of Household Rainwater Harvesting Systems 

Rainwater harvesting system components 

RH systems in the survey are considered in terms of the catchment to end use process train.  Roof 

catchments on all of the surveyed households were principally constructed with materials appropriate to 

harvesting rainwater.  However, 9% of households harvesting rainwater knew they had used lead (Pb) 

flashing, and a further 18% had ‘probably’ used lead flashing on the catchment surface.  A cross tabulation 

with household rainwater consumption behaviours showed two thirds of these households reported 

drinking harvested rainwater.  Therefore, 18% of RH Adopter households reported consuming rainwater 

that had probable contact with lead in the catchment area.  Only one household had installed a filter 

capable of removing lead.  These preliminary data suggest that households may not be informed about 

the risks of lead flashing in the catchment area.  This pilot finding led to a review of research literature 

about the impacts of lead (Pb) consumption and lead dissolution in relation to the Australian Drinking 

Water Guidelines. It culminated in a redevelopment of the initial approach made to households, in that 

risks of lead (Pb) contamination were emphasised by the researcher at the first point of contact. 

Conveyance systems on all of the surveyed households were constructed with materials appropriate to 

harvesting rainwater.  96% of RH households reported screening the tank at the inlet, 50% reported 

additional screening by gutter guards or leaf diverters and 32% of households used first flush diverters.   

86% of Adopter households had a single tank storage.  In a clear demonstration of the recent 

transformation of household RH adoption trends, the (86%) modal age of existing installations was less 

than one year, and each of these installations was an HDPE tank.  Older tanks were constructed in 

colourbond, zincalume and concrete (no older HDPE tanks were represented in this sample).  No 

households reported a RH system older than six years.   

For Adopters, total reported storage capacity ranged from 2.5kL to 40kL with a (32%) modal 5kL RH  
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installation and a mean capacity of 11.5kL, since a number of households had significantly greater storage 

capacity.  Nonadopter households showed less inclination for large installations.  By comparison, these 

households projected a maximum storage capacity demand ranging from 4.5kL to 15kL with a (45%) 

modal 5kL RH installation and a mean of 7.5kL.   

73% of Adopter households reported total separation of the tank and mains water supply. 14% reported a 

top-up system and 17% a switching system between the tank and mains supply.  Backflow prevention 

devices reported for these households were reportedly compliant with relevant regulations.  25% of 

Nonadopter households indicated they would seek a switching system if they installed a tank. 

50% of RH Adopter households used a filter in conjunction with harvested rainwater and 35% reported 

systematic disinfection or treatment of rainwater (even as basic as boiling a kettle).  45% of households 

reported having neither filtration nor treatment.  By contrast, 100% of Nonadopter households indicated 

that they would install filtration and treatment systems in a future RH installation.  

Expenditure reported by RH Adopters ranged from zero (rebates exceeded expenditure) to $5,470 with a 

mean of $2,270.  Nonadopter households’ maximum planned expenditure shows a similar pattern, ranging 

from zero to $3,000, a mean of $1,400.  Overall, Nonadopter households reported a more homogeneous 

range of (planned) RH systems than those in current use by Adopter households.  In particular, 

Nonadopters nominated a preference for installing smaller but more sophisticated RH systems. 

End use 

FIGURE 7.1 shows the actual and acceptable uses of rainwater reported by Adopter and Nonadopter 

households.  The most frequently cited end uses for harvested rainwater were for exterior, non-potable 

applications (e.g. gardens, car washing) (62%), followed by use as drinking water(14%), water for bathing 

(including pool use) (14%), and laundry and toilet use (5% each).   
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FIGURE 7.1: Reported usage and acceptable usage of rainwater for different end uses 

58% of RH Adopter respondents reported they had previously drunk rainwater and 100% reported that 

they ‘would drink’ rainwater.  Prior to consumption, 50% of respondents reported that they filter rainwater 

and 35% reported they treat rainwater.  39% of Nonadopter households reported that members of the 

household had previously consumed rainwater and 85% reported that they would drink rainwater.  56% 

reported they would filter rainwater and 33% reported they would treat rainwater before consumption.   

50% of RH Adopter households reported they had used rainwater for food preparation and 100% reported 

that they would be prepared to use rainwater for this purpose.  58% reported they filter rainwater and 58% 

reported they treat rainwater prior to this end use.  23% of Nonadopter households reported previous use 

of rainwater for food preparation and 85% reported that they would use rainwater for this purpose.   55% 

reported they would filter rainwater and 33% reported they would treat rainwater before using it in food 

preparation.   

40% of RH Adopter respondents reported they had previously used rainwater for bathing or pool use and 

90% reported that they would use rainwater for bathing.  23% of Nonadopter households reported previous 

use of rainwater for bathing or pool use and 92% reported that they would use rainwater for this purpose.   

40% of RH Adopter respondents reported they had previously used rainwater for laundry use and 85%  
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reported that they would use rainwater for this purpose.  15% indicated that rainwater was “too good to 

waste on laundry” (or a very similar comment), despite its quality of softness.  23% of Nonadopter 

households reported previous use of rainwater for laundry use and 100% reported that they would use 

rainwater for this purpose.   

29% of RH Adopter respondents reported they had previously used rainwater for toilet flushing and 81% 

reported that they would use rainwater for this purpose.  19% expressed the idea that rainwater was “too 

good to waste on toilet flushing” (or a very similar comment).  17% of Nonadopters reported previous use 

of rainwater for toilet flushing (elsewhere) and 67% reported they would use rainwater for this purpose.   

64% of RH Adopter respondents reported they had previously used rainwater for various external non-

potable uses (e.g. watering food plants, non-food plants, car washing etc) and 100% reported that they 

would.  15% of Nonadopter households reported previous use of rainwater for various external non-

potable uses and 100% reported that they would use rainwater for various external non-potable uses.   

The trend lines depicted in FIGURE 7.1 show acceptable use of rainwater for RH Adopter households 

across the end use conditions.  These trend lines reveal two issues.  First, they show a bimodal 

preference for end use of rainwater for both the RH Adopter and Nonadopter household respondents.  

Second, they show that the household preference for using rainwater is positively associated with closer 

human contact.  That is, propensity for rainwater use diminishes as the level of human contact decreases 

– successively dropping from direct consumption, through food preparation, bathing and laundry, 

respectively, to a nadir representing toilet flushing, before peaking again for outdoor use.   These data 

indicate actual and preferred end uses of rainwater that contradict trends observed in other Australian and 

international studies (e.g. Gardiner, Skoien and Gardner, 2008; Clarke and Brown, 2007) which report that 

propensity to use alternative water sources decreases as the level of human contact increases (cf  

FIGURE 7.2, FIGURE 7.3). 

Of course, it must be considered that the small sample size in the pilot survey has simply resulted in a  
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sampling error, so it will be interesting whether this ‘reverse-trend’ in household end use is preserved in 

the principal survey administration.  However, reflection on this result also revealed alternative and 

plausible explanations for this apparent discrepancy.   

 
 
FIGURE 7.2: Reported use of rainwater by Adopter type.    
                      Source: (Gardiner, Skoien and Gardner, 2008) 

 
 
FIGURE 7.3:   Reported propensity to use alternative water sources. 

         SOURCE: (Clarke and Brown, 2007).   
 

First, Gardiner, Skoien and Gardner (2008) used a data set of convenience, in that it was drawn from 

recipients of State government tank rebates.  23% of the RH Adopter households sampled in the pilot 

study reported they did not pursue rebates simply to avoid government scrutiny or other involvement in their 

household rain harvesting activity.  It raises the concern that these ‘official’ samples canvas only a selective 
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portion of the RH Adopter population.  This may result in a partial declaration of actual end use that does 

not fully reflect household uses of rainwater in the wider population, or that under-reports end uses of 

rainwater that are not officially approved.  Clark and Brown (2007) conducted their research on behalf of a 

local Council, raising similar concerns.  Further, Clark and Brown’s (2007) study draws on a body of water 

quality literature that is dominated by a recycled water paradigm.  Recycled water has not yet gained full 

acceptance in the public mind, and is still colloquially referred to as ‘poo water’ or some such similarly 

unfortunate nomenclature.  Bundling rainwater with other sources like recycled water in these studies may 

inadvertently bias responses, increasing the likelihood that all non-mains water sources are regarded as 

unacceptable.   

Household behaviours 

The household behaviours section concerns RH system maintenance.  76% of respondent households 

maintained the gutters themselves, 12% used a professional service and 12% relied on visiting family or 

friends, with similar proportions across Adopter and non Adopter households.  Adopter households 

reported a mean of 6.2 hours and an estimate of $40 spent each year maintaining gutters, whilst 

Nonadopters reported a mean of 5.2 hours and an estimate of $20 spent each year maintaining gutters.  

FIGURE 7.4 summarises maintenance behaviour and FIGURE 7.5 shows the reported state of the 

catchment at the latest maintenance event.  

 
 
 
FIGURE 7.4: Latest maintenance of catchment (gutters and roof).  
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FIGURE 7.5: Cleanliness of catchment (gutters and roof) at latest maintenance.                       

Propensity to maintain tanks and filters is difficult to gauge from these data, since 86% of tanks were 

under twelve months old.  Only one household reported a tank older than four years – a period around 

which the tank may require ‘desludging’ as part of the RH system maintenance.  One respondent reported 

desludging their tank, though that tank was under twelve months old.  Similarly only one household 

reported a filter older than two years that had not been cleaned.  No households reported the addition of 

any chemicals to the tank storage.   

 
 
FIGURE 7.6: Current and intended water-conserving behaviours (Adopters and Nonadopters). 

As a background measure of water awareness and conservation behaviours, households reported the  
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water conservation and water maintenance behaviours that had occurred in the past twelve months.  

These are summarised in FIGURE 7.6. Maintenance behaviours and the generalised water conservation 

behaviours, taken together, provide a broad indication of efforts of the household to manage and maintain 

the household’s water resources.  These broadly constant data and the relative cleanliness of Adopter 

household catchments at the latest maintenance event suggest that it is unlikely that maintenance will 

figure as a major stumbling block to appropriate RH system use.   

Rainwater harvesting system characteristics summary 

The purpose of Research Aim 1 was to characterise the RH systems that are adopted by South East 

Queensland households and how are these characterisations connected with adoption, use and 

maintenance.  The primary outcomes of the pilot study in connection with Research Aim 1 are: 

1. Existing Adopters show greater heterogeneity in their RH system setup than the RH systems 
reported as desirable by current Nonadopters.  Adopters show a trend for larger storage capacity, 
whilst Nonadopters report they would install RH systems with more advanced treatment and 
disinfection capacity. 

2. Household awareness and management of lead (Pb) contamination from roof runoff is a notable 
shortcoming of a significant proportion of existing RH systems. 

3. The reported actual and acceptable end uses of rainwater by Adopter and Nonadopter 
households contradicts previously reported research, in that respondents sampled herein report a 
preference for higher order uses of rainwater, including direct consumption. 

4. Reported maintenance of RH systems is generally regular and appropriate.  Maintenance does 
not appear to be as significant an issue as the safe and effective setup of household RH systems 
in the first instance.  
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Rainwater Harvesting Adoption Decision Making 

Factors in household rainwater harvesting system adoption decision making 

Analysis of the household RH adoption decision making process concerns two issues: (a) the ‘grounded’ 

focus on issues reported by individual households as influential in their adoption decision, and (b) the 

extent to which adoption is explained by the theorised constructs derived from the EM and DI 

perspectives. Although the pilot survey emphasised the ‘unframed’ identification of theorised constructs, it 

failed to obtain sufficient data for analysis of the influence of the theorised constructs.  The consequently 

limited analysis was a valuable exercise for revealing this misjudgement of design of survey items seeking 

this information.   

The grounded analysis was consistent with the ‘extended case method’ discussed in the Methodology 

chapter and based on short answer and scaled survey items designed to provide ‘theoretically unframed’ 

responses.  The first question in the decision making section of the pilot instrument simply asked RH 

households ‘Why did your household get a rainwater tank?’   Six constructs derived from EM (Cost and 

economy, Environment, Governance and regulation, Technology and innovation, Societal influences and 

Consumption and lifestyle) and five constructs derived from DI (Relative advantage, Compatibility, 

Complexity, Trialability and Observability) were used to code the responses, with particular attention given 

to responses that did not appear to easily fit the construct operationalisations. 

Adopter households’ responses to this open-ended item spanned six of the constructs: Environment, 

Compatibility, Community, Cost and Economy, Innovative Technology and Relative Advantage.  

Responses that reference Environment (19%) include “To be 'greener' and to reduce water consumption”, 

“Because of the current water shortage in the south-east corner” and “It's part of the long term sustainable 

design we wanted in our home”.  Responses that reference Compatibility with existing values and 

behaviours (14%) include “Mainly because it's better to drink and wash and shower in”, “To provide fresh 
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drinking water” and “To refill the aquaculture tank”.  Responses that reference the household’s Community 

values (9%) include “Saving of mains water” and “People need to be more responsible”.  Responses that 

reference Cost and economy (5%) include “Because we are on acreage and pay enough in water rates as 

it is.”  Responses that reference Technology and innovation (5%) include “The whole house runs on 

rainwater with automatic switching to mains back up.”  Responses that reference Relative advantage (5%) 

include “To use for drinking water - I won't drink treated sewage.”  5% of the RH Adopter sample were 

required to install RH as a building condition, though in a supplementary item reported that a RH system 

would have been installed anyway.   

Written responses also revealed a significant concentration on household independence, mainly for 

overcoming water restrictions (64% of respondents) and mostly for watering the garden.  Comments such 

as “To establish and maintain the garden”, “Water supply for garden and washing car”, and “To overcome 

water restrictions” were typical.   These responses did not code against the construct operationalisations 

and formed the basis for development of the Independence construct in the principal administration. 

Similarly, the first question in the decision making section of the survey for Nonadopter households asked: 

‘What is the main reason your household hasn’t installed a rainwater tank at this stage?’  

Responses span six of the theorised constructs, though they tended to concentrate on Compatibility or 

Cost and economy issues.  Responses that reference Compatibility with the household (23%) include 

“Wouldn't know where to put one”, “Backyard has been built-on and landscaped before water crisis 

appeared - no room” and “We are arranging to have house extensions and lifting”. Responses that 

reference Cost and economy issues (23%) include “Cost”, “Money” and “Finances are limited”. The other 

constructs evoked by Nonadopter responses were Complexity, Innovative Technology, Relative 

Advantage, and Governance and Regulation.  

Responses that reference Complexity (15%) include ”Conflicting information from the company I proposed 

to take the order from, between people inspecting site and giving quote and office personnel, after three 
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months I now have to start again” and “Time and availability of tank stock”. Responses that reference 

Technology and innovation (8%) “Tank water would only be used for the garden/lawn - not motivated 

strongly enough when it comes to this purpose.”  Responses that reference Relative advantage (8%) “No 

need, always used mains.” Responses that reference Governance and regulation (8%) ”Ipswich City 

Council said it was illegal to have a tank when I first built my home in Ipswich”.  No responses failed to 

conform to the theorised constructs.  Across both Adopters’ and Nonadopters’ responses, nine of the 

eleven constructs were cited, with the most dominant of these, Independence (40%), Compatibility (17%), 

Environment (11%), Cost and economy (9%) and Community (9%).    

Because the sample size is small, the relative impact of each of the constructs remains undetermined and 

these summary percentages should not be considered an indicator of the ‘most important’ constructs.  

Rather, based on the diversity of respondent motivations obtained from this small sample, the mix of 

constructs presenting in these initial data provide tentative support for the synthesis of the two theoretical 

perspectives, with the pilot study best serving the iterative quality of an action research. 

Nonetheless, scales for each of the constructs were developed for developmental feedback on construct 

operationalisation.  Given the redevelopment required of all constructs, these were broadly constructed 

and often inclusive of items that were not strictly within the operational definitions as a matter of 

comparative and informational interest.   

Cost and Economic Influences 

A formative Cost and Economy scale was developed with the following items: 

1. Installing a water tank would help the household save on future water bills 
2. Installing a water tank would be more affordable by taking advantage of the Council/Government rebates on offer 
3. The local Council rebate was an important part of the household decision to get a rainwater tank 
4. The State Government rebate was an important part of the household decision to get a rainwater tank 
5. For our RH system, cost effectiveness is more important than technological innovation or flexibility 
6. The upfront cost of a rainwater tank is outweighed by its overall benefit 
7. Consumer demand for rainwater tanks (and associated products is driven more by recognising the need for water 

conservation than by financial incentives offered for adoption 

Scale development suggested a moderate relationship among items, with Cronbach’s alpha, α = 0.688.   
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With Item 1 removed, the psychometric integrity of this scale improved (α = 0.739) at the expense of 

conceptual integrity.  The underlying cause of this is apparent in the FIGURE 7.7, which shows 

percentage responses for this item, broken down by Adopter category.  Saving money on future water bills 

was totally irrelevant for some households, while for the balance, adopters’ data spread in a ‘u’ curve and 

nonadopters spread in an inverted ‘u’ curve.  This suggested ongoing economy was an interesting item for 

later development. Moreover, ongoing economy of RH was reported as significant by a majority of the 

surveyed households, and represented in responses to the open-ended item, for example. 

• “We pay enough in water rates as it is.” (P26) 
• “Discounts on water bills.” (P11) 
• “Cost and cost recovery.” (P310) 

 

 
FIGURE 7.7: Proportion of households for whom ongoing economy is significant in RH adoption. 

The effect of cost and economic issues on the Nonadopter sample was of interest, since the ABS 4602.0 

(2005) reported that Nonadopters who had ‘considered but rejected’ RH cited cost as the single greatest 

inhibitor of adoption.  Only 23% of Nonadopters cited cost as the most significant issue for their 

household, compared with 42% in ABS Queensland sample.  This may reflect the small pilot sample and 

the recent availability of RH rebates, offsetting cost as an inhibitor:  

• “Finances are limited.” (P317) 
• “Money.” (P326) 

With the items relating to the effect of rebates on the adoption decision removed, Cronbach’s alpha 

dropped significantly (α = 0.410).  This probably indicates that rebates constitute a significant element in 
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the affordability calculations of households.  The relevance of some items to multiple constructs was an 

anticipated issue, reflecting the importance of better development of discrete and explicit construct 

operationalisations.  In this case, RH rebates are a key element in the Governance and Regulation 

construct.  As discussed in Chapter 6, this redevelopment culminated in the allocation of rebates to the 

Governance and Regulation construct in this instance.   

Environmental Influences 

A formative Environment scale was developed with the following items: 

1. Installing a rainwater tank would be a good way for this household to help conserve water for the environment 
2. Installing a rainwater tank would be part of a move toward a new ‘greener ’household lifestyle 
3. Installing a rainwater tank would capture rainwater that would otherwise be wasted down drains 
4. Installing a rainwater tank would be integrated as a modern eco-design feature of our home  
5. Installing a rainwater tank would help minimise household use of detergents, since rainwater is ‘soft’ water  
6. Installing a rainwater tank would show others that helping the environment is important to this household 
7. As a consumer, installing a rainwater system is a choice we made to conserve water 
8. This household usually practices habits that conserve our own water use 
9. It is important that this household is seen to be conserving water to set an example to others 
10. Every single household can affect the quality of the environment by choosing products carefully 
11. When this household buys products we try to consider how our use of them will affect the environment and others 
12. Consumer demand for rainwater tanks (and associated products is driven more by recognising the need for water 

conservation than by financial incentives offered for adoption  
13. Widespread community use of rainwater tanks is not an answer to the water problem – we really need more 

dams (reversed) 

Cronbach’s alpha suggested a reasonably strong relationship among items (α = 0.750).  With Item 13 

removed, the psychometric integrity of this scale improved (α = 0.784) at the expense of conceptual 

integrity, since RH offsets the massive environmental impacts of dam infrastructure.   

 
 
 
FIGURE 7.8: Acceptability of rain harvesting as an alternative to dams. 
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The underlying cause of this is apparent in the FIGURE 7.8, which shows percentage responses for this 

item, broken down by Adopter category.  For Nonadopters, a clear skew shows these households believe 

widespread community use of RH was not an acceptable alternative to expanding dam infrastructure.  By 

comparison, Adopter households were more evenly distributed, with a slight inclination to believing 

community RH was a viable alternative.  Since the pilot data show a clear divergence between Adopter 

categories, this item was retained for development.  

In terms of the impact of individual items on household decision making, 75% of all households indicated 

that conserving water for the environment was highly (25%) or critically (50%) relevant to an RH 

installation decision.  Similarly, a move towards a ‘greener household lifestyle’ was seen as critically (41%) 

or highly (25%) relevant.  Capturing water that otherwise went down the drain was regarded as critically 

(63%) or highly (22%) relevant.  Minimising detergent use, alternatively, was regarded as ‘totally irrelevant’ 

by one third of surveyed households. 

50% of surveyed households strongly agreed and 44% moderately agreed that the households practiced 

water conservation. 67% strongly agreed and 44% moderately agreed that households can affect the 

quality of the environment by careful product selection.  In contrast, only 24% strongly agreed and 52% 

moderately agreed that they considered environmental impacts in their own purchases. 

Governance and Regulation Influences 

A formative Governance and regulation scale was developed with the following items: 

1. Installing a rainwater tank would provide the household with access to water during mains restrictions 
2. Installing a rainwater tank would provide access to ‘natural’ unadulterated water/ free from government chemicals 
3. Installing a rainwater tank would be a sensible condition of all new buildings and alterations 
4. Installing a rainwater tank would be more affordable by taking advantage of the Council/Government rebates on 

offer 
5. The local council rebate was an important part of the household decision to get a rainwater tank 
6. The State Government rebate was an important part of the decision to get a rainwater tank 
7. As a private home, we should be able to use all the mains water we want because we pay for it 
8. We need tougher government regulation to force people to use less water 
9. Currently, the mains water pricing is too cheap to stop people wasting it 
10. Ensuring access to rainwater during mains water restrictions was an important part of the household decision to 

get a rainwater tank 
11. A tax rebate on rainwater tanks for investment properties is a good idea 



256 of 457 

Scale development suggested a moderate relationship among items, with Cronbach’s alpha, α = 0.693.  

With Items 7 and 9 (which concern paid access to mains water) removed, the psychometric integrity of this 

scale improved (α = 0.754) without compromising the integrity of the scale.  With Item 3 removed the 

psychometric integrity of this scale improved again (α = 0.792), though at the expense of conceptual 

integrity, since this is clearly an important element of governance and regulation.  Governance and 

regulation also provided some interesting written feedback, since regulation of RH systems was actually 

an inhibitor of adoption until recently, for example: 

• “Ipswich City Council said it was illegal to have a tank when I first built my home in Ipswich.” (P308) 

The ABS 4602.0 (2005) reported that 4% of the Queensland sample in 2004 were ‘not permitted’ to install 

RH, which was the fifth largest of the cited inhibitors.  Since the time of the ABS survey, particularly as the 

burden of water supply has transformed governance agendas, both Ipswich City Council and the State 

Government implemented RH system rebates to address household RH as a form of water demand 

management.  Ipswich City Council rebates provide $250 for tank installations <5kL and $500 for >5kL, 

cumulative with up to $1000 as a RH system rebate from the Queensland Government.  Rebates are 

conditional on RH installations satisfying various requirements e.g. tank capacity, integration with 

household plumbing, siting conditions and so on.  Undoubtedly, these rebates have given incentive to 

many households for RH adoption.  Yet one fascinating finding was the reluctance of households (23%) to 

seek the rebates despite installing tanks. 

• “Keep Council control totally out of the picture.” (P2) 
• “The claim system seems to be far too complicated.  If you don't have access to the internet it becomes too 

much of a hassle to go to the Councils and MPs offices for the claim forms.”   (P7) 
• “We refused to involve the council or Beattie [Queensland Premier] because they're a bloody pain.” (P18) 
• “In 2001 when we purchased our first tank there was a low demand for tanks; no government subsidies were 

available.  We’ve put another one in since but it’s too much trouble [pursuing the rebate].” (P24) 
•  “We knew we wouldn’t get the rebate because of where we put the tank, but we wanted it anyway.” (P29) 

In some instances, rejection of rebates is fuelled by a widespread community belief that once installed, 

households with RH systems will be levied, prompting comments including: 

• “Don't consider taxing or penalising those who have tanks.” (P2) 
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•  “Any involvement of any of these departments would be disastrous.” (P18) 
• “Not charge in future for owning tanks.” (P21) 

In addition, some households may have avoided rebates to bypass Council inspections, particularly as 

they apply to siting constraints for RH systems, as in the P29 example provided above.  Siting constraints 

reduce household choice in the placement of the tank storage, and may also prevent RH system 

installation where the appropriate setbacks from property boundaries are not met.  Another reason for 

households to avoid Council compliance inspections concerns regulation of backflow prevention.  The 

purpose of backflow prevention devices (BPDs) is to prevent illness through contamination of reticulated 

supplies with pathogens in rainwater.  The likelihood of this coincidence is incalculably small (estimated as 

1 in 1.25 x 1022).  BPDs can fail (as everything can), though the failure rate is exceptionally low (Gardiner, 

personal communication, 2008).  Ipswich City Council requires multiple BPDs for this express contingency: 

• “In our situation Council made us install three BPDs inline.  When I asked what the first one did I was told not 
to be a smartarse!” (P1) 

• “If they demand a back flow valve they should fit it at no charge.” (P28) 
• “Having to have two backflow prevention devices, so we installed a second one.” (P150) 

When a BPD failure also coincides with an incident of negative mains pressure, the risk is that the 

negative pressure will suck harvested rainwater into the mains supply.  In this unlikely instance, the risk is 

that the harvested rainwater will also additionally be highly pathogenic and that any pathogens will fail to 

be neutralised by residual chlorine in the reticulated supply.   

In addition to the rebates, the Queensland Government also introduced the Queensland Development 

Code, mandating RH installations for newly built homes and renovations.  Although this legislation was 

introduced in mid 2006, it wasn’t effective until January 1, 2007.  Nevertheless Councils were at liberty to 

implement the QDC earlier and individual homes undertaking renovations or new approvals were targeted 

in Ipswich.  In the pilot study I visited several new estates, but found no developments with mandated RH 

installations.  A small number of newly built households may not reflect the views of the wider community:  

• “It's part of the long term sustainable design we wanted in our home, the whole house runs on rainwater with 
automatic switching to mains back up.” (P1) 
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However, almost three quarters of the pilot sample clearly supported this mandate and some felt Councils 

and Government had not gone far enough to promote RH.   

• “Increase the minimum tank size and require that a minimum of the roof area is used to make tanks more 
effective.” (P1) 

• “Help low income families, compulsory for landlords to install tanks.” (P15) 
• “Make tanks mandatory and provide income-rated rebates and full rebates for those who can't afford them.” 

(P29) 
• “Make the rebate and inspections systems they have actually work.” (P155) 
• “Rainwater tanks should be a standard inclusion for anyone renovating or building a house in this day and 

age - no thought required.” (P156) 
• “Mandate for new buildings for toilet flushing, laundry and garden use.” (P306) 
• “Subsidise Council installation to create jobs for apprentices.” (P310) 

Technology and innovation  

A formative Technology and innovation scale was developed with the following items: 

1. Installing a water tank would help the household generally be more self-sufficient 
2. Installing a water tank would capture rainwater that would otherwise be wasted down drains 
3. Installing a water tank would be integrated as a modern eco-design feature of our home 
4. Installing a water tank would provide access to ‘natural’ unadulterated water/ free from government chemicals 
5. Installing a water tank would be preferable to an alternative water supply like a bore or a condenser 
6. The market for rainwater tanks and products seems ethical  
7. We are happy with the quantity of water obtained from the rainwater system 
8. The quality of water from the raintank is appropriate for the uses of this household 
9. For our RH system, cost effectiveness is more important than technological innovation or flexibility (reversed) 
10. Filtration and sterilisation of rainwater is important to this household 
11. Rainwater collected by this household is safe to drink without further treatment 
12. The rainwater tank was troublesome to integrate with the existing household plumbing 

Scale development suggested a moderate relationship among items, α = 0.653.  With Item 5 removed, the 

psychometric integrity of this scale improved marginally (α = 0.679).  However, when the scale was 

calculated separately for Adopters and Nonadopters, Cronbach’s alpha improved on both accounts (α = 

0.668 and α = 0.665, respectively).  With Item 5 removed for Adopters, α = 0.692 and with Item 10 

removed for Nonadopters’, α = 0.787, showing that different aspects of technology were valued differently 

by these two groups.   Reflection on these issues and on the written comments that referenced RH 

technologies, such as that below, led to the redevelopment of the Technology and innovation construct.   

• “Rainwater tanks are not a complete solution and may be detrimental where automatic mains top up is 
provided (as is the case for Pimpana-Coomera integrated water cycle management scheme. With automatic 
top up, people will be unaware as to when they are using mains water for garden purposes.” (P306) 
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Some of the difficulties experienced in RH adoption were attributable to the Technology and innovation 

construct, for example:  

• “The switch to change between rainwater and mains water was broken on delivery (leaked), [we] experienced 
below average communication with the manufacturer but [a] contractor eventually came to fix it.” (P150) 

RH technologies are not necessarily common across installations.  Whereas RH installations designed for 

the whole of house typically require mains water supplementation, filtration and sterilisation for effective 

use, those applicable to garden watering don’t.  The creation of a new construct – System sophistication – 

allowed more purposeful assessment of the relevance-to-use of RH technologies, and simultaneously 

allowed more purposeful assessment of the emergence of innovative technologies as a construct of 

adoption in the Technology and innovation construct. 

Consumption and lifestyle 

A formative Consumption and lifestyle scale was developed with the following items: 

1. Installing a water tank would help the household generally be more self-sufficient 
2. Installing a water tank would be part of a move toward a new ‘greener ’household lifestyle 
3. Installing a water tank would provide the household with access to water during mains restrictions 
4. Installing a water tank would allow us to relax about always watching our household water consumption 
5. Installing a water tank would be integrated as a modern eco-design feature of our home 
6. Installing a water tank would provide access to ‘natural’ unadulterated water/ free from government chemicals 
7. Installing a water tank would help minimise household use of detergents, since rainwater is ‘soft’ water 
8. Installing a water tank would only be the responsible thing to do, given the drought 
9. Installing a water tank would be compatible or agreeable with the existing household lifestyle 
10. Installing a water tank would just become another chore to clean and maintain 
11. As a consumer, installing a rainwater system is a choice we made to conserve water 
12. It was difficult to sacrifice the space required by the rainwater tank 
13. It is important for household members to drink water free of government chemical additives 
14. The quality of water from the raintank is appropriate for the uses of this household 
15. A rainwater tank is more a lifestyle choice than a handy supplement to household water supply 
16. Using a rainwater tank gives this household a quality of lifestyle advantage 
17. This household usually practices habits that conserve our own water use 
18. As a household, using a rainwater tank means we can relax about our water consumption 
19. As a private home, we should be able to use all the mains water we want because we pay for it 
20. Rainwater collected by this household is safe to drink without further treatment 
21. This household takes pride in using rainwater as a supplement to the mains water supply 
22. The rainwater tank was troublesome to integrate with the existing household plumbing 
23. Use of the household rainwater system has upset the lifestyle of household members 
24. Ensuring access to rainwater during mains water restrictions was an important part of the household 

decision to get a rainwater tank 

Scale development suggested a good relationship among items, with Cronbach’s alpha, α = 0.803, though  
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there were far too many Items in this formative scale.  The primary reasons cited for installing an RH 

system was freedom from current water restrictions, typically for garden watering (62%).  Households also 

installed RH systems to obtain better quality drinking water (25%), to reduce household consumption of 

mains water (25%) and because they felt the Government had failed to act on the water crisis (13%).  

Although data suggested that household independence was a significant motivator, mastery over 

consumption does not necessarily translate to reduced consumption – indeed one of the ‘advantages’ 

afforded by RH adoption is that it ‘expands the limits’ of available water to a household. This was 

particularly evident in the frequency of respondents citing RH installation to overcome water restrictions 

and enable outdoor use.  Other comments include: 

• “We grew up with rainwater and prefer the taste to mains water, plus we keep animals, poultry and like our 
own vegetables and a green environment.” (P14) 

• “Able to water food producing plants and fish without concern.” (P15) 
• “To keep the desired level in the pool.” (P26) 
• “An alternative source of water, water without chlorine.” (P330) 

Interestingly, lifestyle and consumption issues were also cited as an inhibitor of RH adoption in 8% of 

nonadopting households, for example:  

• “No need, always used mains.” (P307) 

Maintaining the concept of RH as a lifestyle choice was discontinued after review of the pilot data.  On the 

basis of specificity, the consumption and lifestyle ‘issues’ were addressed by the more fine-grained 

perspective on the idiosyncrasies of the adoption decision provided by the DI perspective.  In particular, 

different aspects of Lifestyle were subsequently encompassed in the constructs of Sophistication 

(governing treatment and end use issues), Independence, Ease of Use, Image and Community.   

Relative Advantage 

A formative Relative advantage scale was developed with the following items: 

1. Installing a water tank would help the household generally be more self-sufficient 
2. Installing a water tank would provide the household with access to water during mains restrictions 
3. Installing a water tank would allow us to relax about always watching our household water consumption 
4. Installing a water tank would provide access to ‘natural’ unadulterated water/ free from government chemicals 
5. Installing a water tank would help minimise household use of detergents, since rainwater is ‘soft’ water 
6. Installing a water tank would be preferable to an alternative water supply like a bore or a condenser 
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7. It is important for household members to drink water free of government chemical additives 
8. Using a rainwater tank gives this household a quality of lifestyle advantage 
9. As a household, using a rainwater tank means we can relax about our water consumption 
10. This household takes pride in using rainwater as a supplement to the mains water supply 
11. The upfront cost of a rainwater tank is outweighed by its overall benefit  
12. Ensuring access to rainwater during mains water restrictions was an important part of the household decision to 

get a rainwater tank 
13. Widespread community use of rainwater tanks is not an answer to the water problem – we really need more dams 

Scale development suggested a moderate relationship among items, with Cronbach’s alpha, α = 0.786.  

The main problem with this scale was the overlap of items with the preceding formative Consumption and 

lifestyle scale and, to a lesser extent, other formative scales such as Cost and Economy.  After the pilot 

analysis it was decided to desegregate the advantages conferred by adoption.  The majority of households 

reported multiple advantages of RH adoption, though on the data presented, it appears that virtually all of 

the ‘advantages’ households realise through RH adoption can be siphoned off to more specific factors 

provided through the synthesis with EM theory.  Subsequently, the multiple aspects comprising Rogers’ 

operationalisation of relative advantage were dispersed across their more specific places in constructs of 

Cost and economy, Governance and Regulation, Environment, Image, and Result Demonstrability.   

Compatibility 

A formative Compatibility scale was developed with the following items: 

1. Installing a water tank would be part of a move toward a new ‘greener ’household lifestyle 
2. Installing a water tank would be integrated as a modern eco-design feature of our home 
3. Installing a water tank would show others that helping the environment is important to this household  
4. Installing a water tank would be compatible or agreeable with the existing household lifestyle 
5. Installing a water tank would just become another chore to clean and maintain (reversed) 
6. Use of the household rainwater system has upset the lifestyle of household members (reversed) 
7. The rainwater tank was troublesome to integrate with the existing household plumbing (reversed) 
8. The quality of water from the raintank is appropriate for the uses of this household 
9. This household takes pride in using rainwater as a supplement to the mains water supply 
10. Filtration and sterilisation of rainwater is important to this household 
11. It was difficult to sacrifice the space required by the rainwater tank (reversed) 
12. It is important for household members to drink water free of government chemical additives 

Scale development suggested a moderately strong relationship among items, with Cronbach’s alpha, α = 

0.822.  For Adopter households this scale was more cohesive (α = 0.846) than for Nonadopter households 

(α = 0.711).  Compatibility incorporates the issue of available space and siting constraints. The ABS 

4602.0 (2005) report identified that a lack of available space was the third biggest barrier to adoption, and 
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as new lot sizes decrease, the only inhibitor to have an increasing impact on RH adoption in the ABS 

surveys (18% of Queensland Nonadopter households at 2004).  The effect of Compatibility issues on the 

Nonadopter sample is of interest, since it ranked equal first with Cost as the most significant inhibitor to 

adoption (23%) in the pilot study, for example: 

• “Wouldn't know where to put one.” (P304) 
• “Backyard has been built-on and landscaped before water crisis appeared - no room.” (P311) 

95% of adopting households indicated space was not an issue, compared with 70% of Nonadopters, 

though Adopter households also reported a higher median lot size (1100m2 versus 846m2).  Pearson’s Chi 

square is not robust at this sample size, but returned a non-significant difference for lot size(χ2 28.19, df 

= 23, p = 0.21). 

Complexity 

A formative Complexity scale was developed with the following items: 

1. Installing a water tank would mean the added drama, troubles and expense of finding a plumber to install it 
2. Installing a water tank would be a system that is easy to understand and operate (reversed) 
3. Filtration and sterilisation of rainwater is important to this household 
4. It’s hard to get reliable, good quality advice on rainwater tanks and products 
5. It took too much time and effort to satisfactorily plan and arrange for the RH system 
6. The rainwater tank was troublesome to integrate with the existing household plumbing 
7. I did not need to trial the RH system before purchase because I understood how it works (reversed) 

Scale development suggested a moderate relationship among items, with Cronbach’s alpha, α = 0.659.  

With Item 4 removed the psychometric integrity of this scale improved (α = 0.719), though at the expense 

of conceptual integrity, since advice on RH system components is relevant to reducing perceptions of 

complexity in the adoption process.  Complexity comprises both conceptual and technical complexity of 

RH installation and incorporates the impact of time taken to negotiate the RH adoption decision, RH 

installation and so on.  Time is the second greatest inhibitor to adoption identified by Nonadopters in the 

ABS 4602.0 (2005) report.  Consequently, the impact of time on nonadopter households is of interest.  

15% of Nonadopters in the pilot study reported time issues had negatively impacted on their adoption 

decision, for example: 

• “Time and availability of tank stock.  Demand is currently outstripping manufacturers supply capability.” (P318) 
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• “Conflicting information from the company I proposed to take the order from, between people inspecting site 
and giving quote and office personnel, after three months I now have to start again.” (P330) 

Nevertheless, 100% of households across both Adopter and Nonadopter conditions ‘Strongly Agreed’ or 

‘Agreed’ that “The concept of harvesting rain for use by my household is simple and appealing”.  While 

most households are doing simple RH installations to facilitate garden watering, 32% of respondent 

households integrated the rainwater supply with the mains supply to service internal fixtures (e.g. laundry, 

toilet flushing) in the household.   

Trialability 

No households reported a need to trial RH systems before installation.  This result was theoretically 

expected because of the low complexity already recognised.  Trialability was assessed with the single 

item: 

• I did not need to trial the RH system before purchase because I understood how it works 

Observability 

Rogers’ development of the Observability construct was based on Whyte’s (1954) finding the physical 

visibility of air conditioning systems led to localised adoption clusters.  The Observability construct 

provided an integral element of the sampling design: following random selection of a household, four 

additional neighbouring households were sampled in an immediate cluster.  However, results were mixed.  

While 56% of Adopters felt it was important that their household conserve water as an example to others, 

only 25% displayed signage that rainwater was in use.  Although 78% of Adopters reported that showing 

guests the water tank precipitated discussion of the water crisis, more than half were reluctant to give any 

advice to others on RH installations and only 25% of Adopter households were influenced to adopt RH on 

the advice of friends.  

Sources of information 

Households rated up to ten separate sources of information for quality and completeness and the mode  
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through which that information was sourced.  Adopter households reported using a mean of four and a 

mode of five separate sources of information.  Nonadopting households reported a mean of five but a 

mode of zero information sources. 

Overall, Council and State Government information services were most frequently used.  69% of 

respondents accessed Council rebate information, 63% accessed State Government rebate information 

and 51% accessed regulations and guidelines for RH installation.  17% sought information from Water 

Authorities.  18% of RH Adopters and 8% of Nonadopters sought no information from any institutional 

sources.   

60% of respondents accessed information from RH suppliers or manufacturers, 14% from environmental 

organisations, 14% sought information from tradespeople and 29% sought information from friends and 

family.  The increased percentages shown in FIGURE 7.9 reflect respondents’ volunteering an ‘other’ 

source which was collated with the friends and family category. 

Many institutional sources of information relevant to RH adoption are available by multiple modes.  Council 

information, for example, may be accessed via the internet, brochures delivered in the mail, by visiting 

Council offices in person or by telephone contact.  Diffusion literature distinguishes between personal 

sources and mass media forms in conveying information on innovations.  The analysis in this research 

uses a dimension of the ‘activity’ required in accessing mass media sources, shown in FIGURE 7.10.  

Internet searches require a relatively active search for information and may be contrasted with more 

passive means such as television or reading print media.  The internet was the most used mode for 

Adopters’ access of institutional information (59%) and compared with internet use by just 23% of 

Nonadopters.  45% of Adopters used an interpersonal mode (in person, via telephone or attendance at an 

expo/homeshow), compared with 31% of Nonadopters.  36% of Adopters used passive mass media 

(television, print media, mail) compared with 38% of Nonadopters, making passive mass media the most 

commonly used mode for Nonadopters access of RH information.   
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FIGURE 7.9: Sources of information used by households in the RH adoption decision. 
 
 

 
 
 
FIGURE 7.10: Mode of accessing institutional information used by households in RH adoption decision. 

As well as differences in the sources of information used, perceptions of the quality and completeness of that 

source were evident between Adopters and Nonadopters, based on a ‘quality rating’ of the information they 

obtained using the key definitions provided in TABLE 7.2.  FIGURE 7.11 shows the modal Adopter rating for 

these institutional sources was that ‘information was generally good and reasonably complete’, while the 

modal Nonadopter rating was that ‘information was generally helpful, but left out important details’.   

TABLE 7.2: Definitions of quality used in respondent ratings of RH information obtained 
 
Quality score Quality rating Description of quality rating 

1 Not applicable:      The household obtained no information from this source 
2 Very low quality:    The information we got was generally misleading, or contradictory or wrong 
3 Low quality:           The information we got was generally too broad to really help with our specific ne  
4 Moderate quality:  The information we got was generally helpful, but left out important details 
5 High quality:          The information we got was generally good and reasonably complete 
6 Very high quality:  The information we got was generally excellent, complete and easy to understand 

Mode of access to RH information 
 
RH Adopters 
 
RH Nonadopters 

Active use of            Personal            Passive use of 
Mass media              Contact              Mass media 

Nominated information sources 
 
RH Adopters 
 

RH Nonadopters 

Government         Commercial/        Friends and 
Institutions            Professional            Family 
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FIGURE 7.11: Perception of overall quality of information obtained by households.  

Pilot Conclusions 

The pilot analyses were designed to provide formative assessment of the construct operationalisations.  

Although caution is required in interpreting the small number of responses obtained in the pilot survey, the 

pilot survey data and exploratory scale development broadly confirmed the relevance of the theorised 

constructs.  Nonetheless, the primary outcomes from the pilot study were the recognition of poor 

provisional construct operationalisations and the need for further item development within each of the 

constructs.  Though the extent of the revision provoked by the pilot was unexpected, these outcomes (a) 

motivated significantly tighter construct redefinitions for the principal survey administration; and (b) 

motivated a thorough revision of items operationalising the theorised constructs to ensure sufficient data 

could be obtained for structured multivariate analyses in the principal survey. Analysis of Research Aims 

2, 3, 4 and 5 was consequently deferred until the principal survey administration. 

Second, the pilot confirmed the value of seeking participant households directly as the sampling process.  

This emerged through (a) recognising that a significant proportion of household RH adoptions (23%) had 

deliberately rejected Council or Queensland Government rebate schemes; and (b) notable differences in 

RH practices reported by pilot participants when compared with the convenience samples generally 

accessed by institutional research. 

Third, identification of potential health issues through consumption of rainwater contaminated by lead (Pb)  

Quality rating of accessed information 
 
RH Adopters 
 
RH Nonadopters 

 2              3              4              5               6 
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in the catchment area motivated a redevelopment of risk assessment, including the discussion of these 

risks in the initial contact made with households during the primary survey administration. 

Finally, though quantitative analyses were limited by sample size and the poor construction of items, the 

theoretical synthesis was able to at least qualitatively accommodate the ‘grounded’ household motivations 

for installing RH systems.  For Adopters, these spanned Environment, Compatibility, Community, Cost and 

Economy, Innovative Technology, Relative Advantage and the subsequently developed Independence 

constructs.  For Nonadopters these spanned Compatibility, Cost and economy, Complexity, Innovative 

Technology, Relative Advantage, and Governance and Regulation.  Moreover, reflection on these 

analyses provided supporting evidence that the Consumption and Lifestyle and Relative Advantage 

constructs that problematise the EM and DI perspectives, respectively, can be more meaningfully explored 

through the proposed synthesis of these perspectives. 
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Principal Survey Administration 

Administration summary 

Five hundred surveys were administered to randomly selected households in the SEQ region using a 

stratified sampling process.  Fifty Adopter households and fifty Nonadopter households in each of the five 

LGAs (Beaudesert, Brisbane, Ipswich, Redcliffe, Toowoomba) received a survey, totalling an 

administration of 250 Adopter surveys and 250 Nonadopter surveys.   

The overall response rate for the combined pool was 32.0%, calculated using the AAPOR RR1 

methodology.  Since the RR1 methodology includes households that were unavailable at the time of 

contact, the RR1 figure cannot be broken down further (requiring awareness of whether the household 

had a RH system installation).  The overall cooperation rate for the combined pool was 48.4%, calculated 

using the AAPOR COOP1 methodology, breaking down to cooperation rates of 61.6% for Adopter 

households and 40.0% for Nonadopter households.  This represents a 4% improvement on the pilot 

survey, which was better than anticipated, given the one hour burden of the redeveloped survey, and likely 

reflects the methodological improvements made in the initial approach made to households.  There were 

only three refusals at the point of first contact.    

Demographics for the sample in the principal survey administration are summarised in TABLE 7.3.  The 

primary differences between the Adopter and Nonadopter sample are registered in terms of dwelling type, 

dwelling ownership, household income and lot size.  Pearson’s Chi square analyses returned significant 

differences for dwelling type (χ2 13.71, df = 2, p = 0.001); dwelling ownership (χ2 39.73, df = 1, p < 0.000); 

and household income (χ2 14.47, df = 5, p = 0.013).  Within-group variance in lot size and water 

consumption prevented effective calculation of statistical significance for these measures. 
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TABLE 7.3: Demographic Summary of Respondent Sample 
 
 RH Adopter Households RH Nonadopter Households 
 N = 167 N = 110 
   

Demographic Mean Mode Mean Mode 
Adult residents (18+ years) 2.1 2 2.1 2 
Minor residents (<18 years) 0.6 0 0.9 1 
Total residents at dwelling 2.8 2 3.0 3 
Time at dwelling (years) 15.3 years 10 years 9.7 years 1 year 
Dwelling type House 

(91.6%) 
House House 

(80.0%) 
House 

Dwelling ownership (including mortgage) 94.8% Yes 57.3% Yes 
Household income before tax        
(brackets of $30,000 PA) 

$60,000 - 
$90,000 
(28.3%) 

$60,000 - 
$90,000 

$30,000 - 
$60,000 
(33.3%) 

$30,000 - 
$60,000 

Australian Citizenship 97.4% Yes 97.8% Yes 
Primary Language English (%) 97.3% Yes 97.8% Yes 
Highest Education Level Degree 

(26.1%) 
Degree Degree 

(25.9%) 
Degree 

Water consumption FY 06/07 155 kL  141 kL  
Water consumption FY 05/06 200 kL  173 kL  
Lot size 3938m2 1000m2 935 m2 800 m2 
Dwelling size 237m2 300m2 215 m2 300 m2 
Catchment size (% of dwelling size) 64.4% 100.0% 80.0%1 100.0%1 
1 Estimated potential catchment area 



270 of 457 

Characteristics of Household Rainwater Harvesting Systems 

Rainwater harvesting system components 

Research Aim 1. To characterise Adopters RH systems and Nonadopters’ projections of likely RH 
systems in terms of their catchment, storage, treatment capacity, end use, and 
maintenance. 

RH systems in the survey are considered in terms of the catchment to end use process train.  Across all 

surveyed households no unusual roofing materials were reported, and all were appropriate as catchment 

surface.  Roofing materials are summarised in FIGURE 7.12. 

 
 
FIGURE 7.12: Roofing materials used in surveyed dwellings.  

Further to material composition of the catchment surface, 86.8% of RH Adopter households and 65.7% of 

Nonadopter households were confident that lead (Pb) flashing was not used in the catchment area.  5.7% 

of Adopters and 14.1% of Nonadopters reported that that lead flashing was, or probably was, used in the 

catchment area.  The balance of respondents were uncertain about the existence of lead in the catchment 

area.  These data are summarised in FIGURE 7.13. Nonadopter households reported they were two and a 

half times more likely than Adopter households to have used or probably used lead flashing (χ2 = 19.527, 

df = 4, p <0.001).  Anecdotally (through discussion with households at the first point of contact during 

survey administration), the presence of lead flashing in the catchment system was reported as an inhibitor 

RH Adopter households 
 
Nonadopter households 
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of adoption, since the roof would require replacement for the household to safely make higher order use of 

the rainwater. 

 
 
FIGURE 7.13: Likelihood of lead (Pb) in the catchment area. 

Storage screening data are summarised in FIGURE 7.14.  49% of respondents reported using one 

screening device (which was typically the inlet screen at the tank), 32% reported two devices and 10% 

reported three or more screening devices were used in conveyance.  10% of households reported no form 

of screening in conveyance.   

 
 
FIGURE 7.14: Screening devices used in conveyance.  

Since screening is mandated by Councils to reduce mosquito breeding opportunities (and so, vector borne 

disease), an absence of reported screening is noteworthy.   Three possible explanations were considered.  

Adopter households 

Adopters 
 

Nonadopters 
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First, respondents may have omitted the item.  This is considered unlikely, since this specific question 

format was used as part of the demonstration of survey content and response requirements during the 

initial face to face contact with households (as part of which, comprehension of the format was checked 

with respondents). Second, it may be that the RH system was installed under conditions that did not 

attract Council inspection.  The item format allowed multiple selections from eight images of screening 

devices, so it was not necessary for respondents to be aware of details any more technical than what the 

device actually looks like.  Third, and perhaps most likely, is that respondents may be unaware of RH 

system components that may be out of sight, such as the recessed screen at the tank inlet.   

Nonadopter households reported a preference for RH systems that were similar to Adopters’ RH systems 

in terms of sizing: mean (10.3kL for Adopters, 10.1kLfor Nonadopters).  A 5kL median and mode were 

identical across the Adopter categories.  Adopters reported a moderately wider range of storage capacities 

(0.2kL – 85kL) than projected by Nonadopters (0.1kL – 50kL).   

TABLE 7.4: Rainwater harvesting installation size data by LGA  
 

LGA Mean (kL) Median (kL) Mode (kL) 
Adopters Nonadopters All Adopters Nonadopters Adopters Nonadopters 

 

Beaudesert 19.939 12.106 16.882 9.000 5.000 9.000 5.000 
Brisbane 13.986 8.300 12.484 5.000 5.000 3.000 5.000 
Toowoomba 8.821 15.692 11.235 5.000 5.000 3.000 5.000 
Ipswich 8.792 8.385 8.672 5.000 5.000 5.000 5.000 
Redcliffe 5.245 7.600 5.924 4.300 5.000 3.000 5.000 
LGA Mean 10.300 10.100 10.200 5.000 5.000 5.000 5.000 
 

Although sizing data did not significantly vary across the adoption conditions, the italicised column in 

TABLE 7.4 shows that storage size did vary by LGA (F = 2.866, df = 4, p = 0.023).  The greatest variability 

occurred in mean size.  For Adopters, mean size ranged from 5.9kL in the Redcliffe sample to almost 

three times this capacity in Beaudesert (19.9kL).  Beaudesert has a large proportion of peri-urban 

households for whom rain harvesting is an integral part of their water supply.  This is reflected in the 9kL 

median and modal sizing of storage capacity in Beaudesert, almost twice that of the other LGAs. 
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For Nonadopters, projected mean size of household RH installations ranged from 7.6kL in the Redcliffe 

sample to twice this capacity in the Toowoomba.  The emphasis on larger storage in Toowoomba may 

reflect that a small number of households have been influenced by the recent plebiscite to use recycled 

water, since the median and modal figures for Toowoomba were more stable at 5kL each.  Variations in 

median and modal sizing were more stable than means, and more stable for Nonadopters than Adopters, 

at 5kL across Redcliffe, Ipswich, Toowoomba and Brisbane, rising to 6.75kL in Beaudesert.   

 

 
 
FIGURE 7.15: Storage size of rainwater harvesting system installations.   
 
 

 
 
FIGURE 7.16: Age of rainwater harvesting system installations.   

Cross-tabulating the age of RH installation by LGA confirmed that 92% of dwellings reporting older RH 

installations (5 or more years) were from the Toowoomba and Beaudesert LGAs.  75% of RH installations 

aged 3 or more years were from these two LGAs, showing that more widespread or diversified adoption 

started occurring around 2003/2004.  By 2005, proportionally more installations were made outside these 

two traditional RH LGAs, and by 2006, 86% of the reported RH installations were outside these two LGAs.   
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One third of households reported installing the RH systems themselves, 52% of households had their RH 

systems installed by others, and 14% reported that the RH system was already installed when the 

household was occupied. 

TABLE 7.5: Actual and forecast adoption rates for peripheral rainwater harvesting system technologies. 
 

Peripheral technology Adopters Nonadopters 
(actual rate) (forecast rate) 

 

Rainwater signage 48.5% 61.1% 
Frog flaps 31.1% 55.8% 

Vent cowls 16.7% 41.1% 
Safety hatch 10.6% 35.8% 
Depth gauge 5.3% 25.3% 

Floating draw-off 1.5% 11.6% 
Tank liner 1.5% 4.2% 

TABLE 7.5 shows that Nonadopters reported that they would be more likely to include peripheral 

technologies than those currently reported in use at Adopter RH installation.  48.5% of Adopter 

households displayed rainwater tank in use signage, though peripheral technologies were otherwise 

relatively uncommon in their installations.   

40% of Adopter households reported some form of filtration, most commonly coarse or fine particulate 

filters (28%). 1% used an ion exchange filter.  3% used activated carbon filters.  By contrast, 78% of 

Nonadopter households projected that they would use a filter on rainwater.  30% of Adopter households 

reported some form of disinfection.  4% used assured methods (distillation, UV treatment), 14% ran 

rainwater through a hot water service, and 21% boiled rainwater for tea or coffee and 7% pre-boiled water 

for consumption.  By contrast, 68% of Nonadopter households projected that they would use some form of 

disinfection on rainwater.  

Nonadopters projected spending on a RH system ranging from zero to $20,000, showing a positive skew 

with a mode of $1500, a median of $2500 and a mean of $4000.  Adopters’ actual spending on RH 

systems also ranged from zero to $20,000, showing a positive skew with a mode of $2000, a median of 

$2300 and a mean of $3100. 
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Adopters were asked what they would choose to change about their existing RH setup.  81.4% responded, 

and of these, content analysis of the responses included 50.0% that reported that they would make no 

changes.  Increasing the catchment size was the most commonly addressed change (47.0%), followed by 

integration with plumbing (10.2%), a better pump (7.4%) or other sundry but specific amendments to the 

RH componentry including maximising catchment area, improvements to conveyance, storage siting or 

materials and filtration (17.7%).  4% of Adopters reported that they would have preferred to use a different 

RH supplier or installer, on the basis of inflated costs and poor advice.  A unique but interesting comment 

was:  “I would try to ensure contents of tank are thief-proof”, coming from one household that had their 

tank emptied (stolen). 

End use 

TABLE 7.6: End uses of rainwater for Adopters and Nonadopters. 
 

End use of harvested rainwater 
Adopters Nonadopters 

(In current use) 
(%) 

(Would intend use) 
(%) 

   

Drinking water 29.9% 31.8% 
Water for preparing food and cooking 21.6% 25.5% 
Washing dishes  18.0% 16.4% 
Showering/bathing  16.2% 16.4% 
Laundry 23.4% 34.5% 
Toilet flushing 17.4% 36.4% 
Other indoor use 2.4% 2.7% 
Any indoor use 24.6% 46.4% 
Multiple indoor usage 16.8% 19.1% 
Garden irrigation system 16.8% 30.0% 
Garden hose  70.1% 56.4% 
Water of food plants (fruit, vegetables etc) 31.7% 34.5% 
Watering of non-food plants (lawn etc) 43.1% 34.5% 
Vehicle washing  54.5% 52.7% 
Pool, water feature, fishpond, fountain 26.9% 18.2% 
Other external use 4.8% 3.6% 
Any external usage 88.0% 73.6% 
Multiple external usage 71.9% 85.5% 
   

TABLE 7.6 shows that reported end uses of rainwater for Adopter and Nonadopter households continue to 

display the trend reported in the pilot survey for household preference for higher order uses of rainwater, 

though the overall proportions for each internal use have dropped from the pilot study, reflecting more 

common household use of rainwater in external applications only.  
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FIGURE 7.17 and FIGURE 7.18 show the end uses for internal and external applications of rainwater, 

respectively.  FIGURE 7.17 shows that drinking rainwater remains a priority for households.  Rainwater 

supply to laundry and toilet uses, typically, is easier and less expensive to accommodate than bathroom 

applications and Nonadopters report greater likelihood of using rainwater for these lower order uses.  

These data suggest that the end uses of rainwater are probably moderated by the cost and inconvenience 

involved in establishing appropriate plumbing infrastructure, though direct consumption is still a high 

priority.  FIGURE 7.18 shows that in external applications, however, the trend for closer human contact is 

reversed from pilot data, consistent with findings reported in research elsewhere. 

 
 
FIGURE 7.17: Internal end uses of rainwater.  
 
  

 
 
FIGURE 7.18: External end uses of rainwater.   
 

A further cross tabulation was run to determine the extent to which Adopters’ reported end uses were 

compromised by the hazard of lead (Pb) flashing in roof runoff.  0.5% of Adopters (a single case) reported 

consumption of rainwater from a catchment that included lead, and 1.1% (2 cases) from a catchment that 
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probably included lead. 1.7% (3 cases) reported using rainwater for food preparation from a catchment 

that included lead, and 3.4% (6 cases) from a catchment that probably included lead.  No Adopters 

reported bathing in water they knew had contact with lead, whilst 0.5% of Adopters reported bathing in 

water they thought had probably contacted lead in the catchment.  0.5% of Adopters reported watering 

food plants using rainwater with lead in the catchment, and 1.7% using rainwater that probably had lead in 

the catchment. 

Maintenance 

In terms of maintenance, Adopter households and Nonadopter households reported only moderate 

differences in their frequency of activity cleaning gutters, though Nonadopters reported greater 

accumulation of debris.  61.6% of Adopters (and 45.3% of Nonadopters) reported cleaning the household 

gutters in the past six months, with 54.0% of Adopter households (and 31.9% of Nonadopter households) 

reporting little or no accumulated debris at that time.   

At the other end of the spectrum, 23.2% of RH Adopter households (and 38.8% of Nonadopter 

households) reported that it was more than twelve months’ since gutters were cleaned.  4.0% of Adopter 

households (and 9.6% of Nonadopter households) reported substantial accumulated debris and 1.3% of 

Adopter households (and 7.4% of Nonadopter households) reported actual gutter blockage.  FIGURE 7.19 

and FIGURE 7.20 show the catchment maintenance period and the cleanliness of the catchment at the 

latest maintenance period, respectively. 

 
 

FIGURE 7.19: Latest maintenance of catchment (gutters and roof).   
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FIGURE 7.20: Cleanliness of catchment (gutters and roof) at latest maintenance.   
 

Adopter households reported a mean of just over 10 hours spent in maintenance activity and a mean 

incurred cost of maintenance at $46 for the past twelve months (60% of households had no expenditure).  

No households reported desludging their tank in the past twelve months, and no households reported the 

addition of any chemical products to the tank.  Nonadopter households reported a mean of just under five 

hours spent in maintenance activity and a mean incurred cost of maintenance at $140 for the past twelve 

months (76% of households had no expenditure). 

As a background measure of water awareness and conservation behaviours, households reported the 

water conservation and water maintenance behaviours that had occurred in the past twelve months.  Data 

displayed in FIGURE 7.21 show the water conservation behaviours reported by households over the past 

twelve months.  Nonadopter households generally report less activity in the garden, confirming respondents’ 

written comments that garden maintenance was an important influence on household RH adoption. 

Data displayed in FIGURE 7.22 show the water conservation behaviours anticipated by households for the 

coming twelve month period.  There is some evidence that the responses to individual items may have 

been incorrectly reported – for instance, 14% of Nonadopters report they anticipate using or installing dual 

flush toilets, whereas 54% reported that they had installed or used dual flush toilets in the past twelve 

months.  Clearly those households that had installed dual flush toilets in the past twelve months will 

continue to use them.  However, taking a household water audit and growing more water hardy plants 
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show notable rank increases, with garden mulching dropping correspondingly (presumably with the 

household satisfied at existing mulching levels). 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Series3
Series2
Series1

 
 
FIGURE 7.21: Existing water conservation behaviours reported by households.  
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FIGURE 7.22: Planned future water conservation behaviours reported by households.  
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Rainwater harvesting system characteristics summary 

The purpose of Research Aim 1 was to characterise the RH systems that are adopted by South East 

Queensland households and how are these characterisations connected with adoption, use and 

maintenance.  The primary outcomes in connection with Research Aim 1 are: 

1. Existing Adopters show greater heterogeneity in their RH system setup than the RH systems 
reported as desirable by current Nonadopters.  Adopters show a trend for larger storage capacity, 
whilst Nonadopters report they would install RH systems with more advanced treatment and 
disinfection capacity. 

2. Household awareness and management of lead (Pb) contamination from roof runoff is a notable 
shortcoming of a significant proportion of existing RH systems. 

3. The reported actual and acceptable end uses of rainwater by Adopter and Nonadopter 
households contradicts previously reported research, in that respondents sampled herein report a 
preference for higher order uses of rainwater, including direct consumption. 

4. Reported maintenance of RH systems is generally regular and appropriate.  Maintenance does 
not appear to be as significant an issue as the safe and effective setup of household RH systems 
in the first instance.  
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Rainwater Harvesting System Adoption Decision Making 

Sources of information 

The data collection instruments asked respondents about the sources of information they had used in 

relation to RH.  Households rated up to eight separate sources of information for quality and completeness 

using the key definitions provided in TABLE 7.7, and nominated the mode through which that information 

was sourced (e.g. by telephone, in person). 

TABLE 7.7: Definitions of quality used in respondent ratings of RH information. 
  
Quality rating Description of quality rating 
Not applicable:      The household obtained no information from this source 
Very low quality:    The information we got was generally misleading, or contradictory or wrong 
Low quality:           The information we got was generally too broad to really help with our specific need 
Moderate quality:  The information we got was generally helpful, but left out important details 
High quality:          The information we got was generally good and reasonably complete 
Very high quality:  The information we got was generally excellent, complete and easy to understand 
  
 

 
 
 
 
 
 
 
 
 
FIGURE 7.23: Information sources used in the rainwater harvesting system adoption decision.   
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rebate information) were the most frequently used overall and by RH Adopters.  In fact, Adopters used 

each source of information more frequently except for ‘friends and family’ and ‘media organisations’ which 

were more frequently used by Nonadopters.  Adopter households reported using a mean of four and a 

mode of five separate sources of information.  Nonadopting households reported a mean of four but a 

mode of zero information sources.  25.1% of RH Adopters and 39.1% of Nonadopters reported seeking no 

information from any sources.   

69.5% of respondents (73.4% of Adopters and 62.9% of Nonadopters) obtained information from Local 

Councils about rebates.  30.0% (36.2% of Adopters and 18.5% of Nonadopters) rated rebate information 

from Local Councils as ‘high quality’ or ‘very high quality, while 16.2% (12.6% of Adopters and 22.8% of 

Nonadopters) rated rebate information as ‘low quality’ or ‘very low quality’.  Council information on RH 

rebates was primarily sourced through the Internet (45.2%), television and newspapers (both 32.0%), and 

in person (26.0%).  

73.8% of respondents and (73.8% of Adopters and 73.9% of Nonadopters) obtained information from 

State Government about rebates. 31.3% (38.9% of Adopters and 17.4% of Nonadopters) rated information 

from State Government as ‘high quality’ or ‘very high quality’, while 16.9% (11.9% of Adopters and 26.0% 

of Nonadopters) rated rebate information as ‘low quality’ or ‘very low quality’.  Information was sourced 

through the television (61.8%), Internet (40.6%), mail and newspapers (both 22.0%), and in person (16%).  

63.3% of respondents (69.5% of Adopters and 53.7% of Nonadopters) obtained information from Local 

Councils about regulations and guidelines. 21.5% (27.5% of Adopters and 10.5% of Nonadopters) rated 

information about regulations and guidelines from Local Councils as ‘high quality’ or ‘very high quality’, 

while 19.3% (16.2% of Adopters and 25.3% of Nonadopters) rated information about regulations and 

guidelines as ‘low quality’ or ‘very low quality’.  Information was sourced through the Internet (59.7%), and 

in person (27.7%).  

73.8% of respondents (79.2% of Adopters and 65.6% of Nonadopters) obtained information from rainwater  
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tank suppliers or manufacturers.  35.1% (41.6% of Adopters and 22.7% of Nonadopters) rated information 

from rainwater tank suppliers or manufacturers as ‘high quality’ or ‘very high quality’, while 14.7% (10.4% 

of Adopters and 22.7% of Nonadopters) rated information from rainwater tank suppliers or manufacturers 

as ‘low quality’ or ‘very low quality’. Information was sourced through the Internet (37.0%), telephone 

(41.2%) and in person (55.5%). 

60.6% of respondents obtained information from media organisations (56.2% of Adopters and 68.7% of 

Nonadopters).  Overall, 14.9% of respondents (15.7% of Adopters and 13.4% of Nonadopters) rated 

information from media organisations as ‘high quality’ or ‘very high quality’, while 26.6% (20.7% of 

Adopters and 37.1% of Nonadopters) rated information from media organisations as ‘low quality’ or ‘very 

low quality’. Information was sourced through television (100%) and newspapers (62.8%).  

66.2% of respondents (51.3% of Adopters and 65.2% of Nonadopters) sought information from friends, 

work colleagues, or family outside the household.  16.8% (16.8% of Adopters and 16.6% of Nonadopters) 

rated information from these sources as ‘high quality’ or ‘very high quality’, while 14.7% (10.9% of 

Adopters and 21.2% of Nonadopters) rated information from friends, work colleagues, or family outside the 

household as ‘low quality’ or ‘very low quality’. Information was sourced in person (94.6%).  

59.5% of respondents (49.5% of Adopters and 22.6% of Nonadopters) sought information from a builder 

or tradesperson.  15.0% (20.7% of Adopters and 4.8% of Nonadopters) rated information from these 

sources as ‘high quality’ or ‘very high quality’, while 12.1% (9.9% of Adopters and 16.1% of Nonadopters) 

rated information from a builder or tradesperson as ‘low quality’ or ‘very low quality’. Information was 

sourced in person (87.8%).  

Statistically significant differences between Adopter and Nonadopter households include ratings of quality 

given to Council rebate information (F (1, 195) = 6.239, p = 0.013), to regulations and guidelines (F (1, 

190) = 10.614, p = 0.001), to rainwater tank suppliers and manufacturers (F (1, 190) = 11.431, p = 0.001), 

and to builders or tradespeople (F (1, 172) = 19.589, p < 0.000). 
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Factors in household rainwater harvesting system adoption decision making 

Research Aim 2 concerns a grounded analysis of household motivation for RH adoption, stated as: 

Research Aim 2. To characterise the discrete influences nominated by households on the household 
decision-making and behaviour associated with household adoption of RH systems.   

In the context of the extended case method, the purpose of including grounded data in the enquiry was to 

identify factors which were important to the household RH adoption decision, but which were not included 

in the theoretical frames of EM, nor of DI.  The first item in the Decision Making section (Q2.1) asked 

respondents for an open-ended written response as to the main reason the household got a rainwater 

tank.  The subsequent item (Q2.2) prompted respondents for any subsidiary motivations, also as an open-

ended written response.   

An additional aim was to identify the motivations which were ‘front of mind’ for respondents before the 

theorised constructs were introduced in the data collection instrument, and the specific impact of these 

constructs considered by respondents. This form of the written response format provides the best 

opportunity for ‘theoretically uncontaminated’ responses.  Where adoption was predicated by a higher 

issue than the household decision (e.g. ‘landlord decided’), the response was coded against that issue.  

Responses consistent with the operationalisation of a theorised construct were grouped to that construct.   

 
23.5% of Adopters identified that the household RH system adoption was involuntary.  This was due to 

three factors: no access to mains water (6.5%), pre-existing RH installation (14.5%) and non-resident 

owner adoption decision (2.5%).  Only a single respondent (0.5%) reported that they would not have 

voluntarily adopted a RH system.   

The remaining 76.5% of responses fitted clearly within definitions of the theorised constructs and were 

coded accordingly.  Of these, Independence (60.4%), Compatibility (58.2%) and Environment (38.1%) 

were the most commonly nominated factors, with nine of the fourteen theorised constructs reflected in the 

nominated reasons for adoption.  Data are presented in FIGURE 7.24. 
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FIGURE 7.24: Nominated reasons for rainwater harvesting system adoption coded against the theorised 

constructs. 
 

 
 
FIGURE 7.25: Reasons for rainwater harvesting system nonadoption coded against the ABS (2005) 

constructs. 

Nominated reason for adoption 

Reason for nonadoption 
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As a preliminary consideration and to compare data from the present study with the ABS 4602.0 (2005) 

study, FIGURE 7.25 shows reasons for nonadoption coded against the categories used in the ABS study.  

Because the ABS only reported data for households that had ‘considered but rejected’ RH adoption, a 

cross-tabulation grouped responses by the extent of the consideration households reported on the 

adoption decision, shown in FIGURE 7.26. 

The cross-tabulation comprised four groups – (a) those households reporting an interest in RH adoption, 

(b) those households reporting they had not actively considered RH adoption, (c) those households that 

reported they had considered and rejected RH adoption, and (d) aggregated Nonadopter households.   

Overall, 49.3% of Nonadopter households reported an interest in installing RH systems, 17.4% reported 

active rejection and 33.3% reported they had not actively considered RH adoption.   

 
 
FIGURE 7.26: Reasons for nonadoption by level of consideration in decision making. 
 

Though cost remains a significant issue, these data show a notable departure from those in the ABS study 

in three main areas.  First, the proportion of households that reported having no control over the adoption 

decision was more than five times higher than in the ABS study.  The large majority of these are renting 

their dwelling. Second, the proportions of households reported as having ‘not considered’ and as having 

‘considered and rejected’ RH adoption are half that of the ABS study.  These data reflect a general shift to 

Interested 
Rejected 
No consideration 
Aggregated 
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consider RH adoption.  Interestingly, households that had ‘not considered’ RH adoption reported that the 

cost of RH (among other issues) figured in their ‘lack of consideration’.  Third, space and time as reported 

inhibitors of adoption were respectively 75% and 60% lower than the levels reported in the ABS study.  

These results suggest that a stronger motivation for RH adoption may overcome these issues.   

Next, the reasons nominated by Nonadopters were recoded against the theorised constructs.  Data 

presented in FIGURE 7.27 show that Cost and Economy and Compatibility issues were the most 

significant nominated reasons for nonadoption.  (When coded against the theorised constructs, 

Compatibility picked up the issues of space and time required for RH installation).  Only six of the fourteen 

theorised constructs were represented in these data, though it is again notable that there were no 

nominated issues that did not recode to the constructs. 

 
 
FIGURE 7.27: Nominated reasons for nonadoption recoded against the theorised constructs. 

Irrespective of household interest in RH, a proportion of adoptions and nonadoptions occur for reasons 

beyond the effective control of the household.  With these cases removed, these data offer no indication 

beyond these cases that factors other than those considered in the proposed theoretical synthesis are 

significant to household RH adoption.  Two significant outcomes were obtained in relation to Research 

Interested 
Rejected 
No consideration 
Aggregated 
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Aim 2.  First, through the pilot survey, it suggested the inclusion of the Independence construct in the 

principal survey administration.  Second, analyses of the theoretically unframed responses show the 

scope and inclusiveness of the individual theorised constructs and, consequently, of the proposed 

theoretical synthesis. These results provide substantial confidence for proceeding to more advanced 

quantitative analyses based on domain sampling of the constructs.  The purpose of integrating qualitative 

and quantitative data was to further refine the development of the theoretical constructs. 

The large majority of the Decision Making section comprised 123 items with a five-point Likert-type 

response format (Strongly Agree, Agree, Neither Agree nor Disagree, Disagree, Strongly Disagree).  

These items were grouped by construct, and each operationalised a separate aspect of its construct.  

Analyses of variance (ANOVAs) were run on the individual items to determine differences between 

adopters and nonadopters.  To minimise repetition in presentation of the results, missing data excluded 

cases analysis by analysis, and generally, only the significant results are presented unless a non-

significant difference warranted discussion. 

Formative PCAs were run on the item responses to determine any structural relationships among the 

items.  The aim of the PCAs was the identification and discrimination of elements in each of the theorised 

constructs that could be recoded for use in subsequent discriminant function analyses.   

In each case, an unrotated factor solution was compared with a rotated solution using the Varimax 

procedure with Kaiser Normalization.  Orthogonal rotation produces uncorrelated factors which are more 

characteristic of significant multidimensionality than correlated factors shown by oblique rotations.  

Varimax is widely believed to be the best orthogonal rotation to find a factor solution that is equal to that 

obtained in the initial extraction but which has the simplest interpretation (De Coster, 1998).  Kaiser's 

normalization tends to decrease the standard errors of the loadings for the variables with small 

communalities (Haruhiko, 1999).  Missing data excluded cases listwise. 

Generation of potential subfactors is a dialog among conceptual argument, statistical analysis and  
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practical realities.  Where differences in the factor structure were evident between Adopters and 

Nonadopters, an ‘optimised solution’ was developed from a comparison of the solutions to allow the most 

meaningful inclusion of subfactors in the subsequent discriminant function analyses.  Generally, only the 

optimal solution is subsequently described for subfactors in each construct.  However, every attempt has 

been made to maximise transparency in the process by tabling subfactor loadings in the Appendices and 

by explaining the decisions that were taken throughout.   
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Community 

TABLE 7.8: Descriptive statistics of the Community scale data. 
 

Community Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. I wish everyone would just shut up about using rainwater 
tanks – I’m sick of it ® 

15.6 
(13.0) 

28.1 
(38.0) 

35.9 
(27.2) 

8.4 
(10.9) 

3.0 
(10.9) 

2.51 
(2.68) 

0.99 
(1.17) 

2. It is unfair and a bit pointless that some households pay for 
rainwater tanks, while others don’t ® 

5.4 
(5.4) 

20.4 
(22.6) 

40.1 
(28.0) 

21.0 
(29.0) 

4.2 
(15.1) 

2.98 
(3.26) 

0.94 
(1.13) 

3. Members of our household have encouraged others in our 
community to install a rainwater tank 

8.6 
(7.4) 

31.6 
(18.1) 

38.2 
(34.0) 

17.1 
(29.8) 

4.6 
(10.6) 

2.78 
(3.18) 

0.99 
(1.09) 

4. Our household installed a tank before anyone else we know 7.9 
(5.6) 

22.5 
(3.4) 

21.2 
(29.2) 

33.8 
(51.7) 

14.6 
(10.1) 

3.25 
(3.57) 

1.19 
(0.93) 

5. Our household installed a tank before most people we know 11.5 
(3.4) 

31.8 
(9.1) 

23.0 
(34.1) 

25.0 
(42.0) 

8.8 
(11.4) 

2.88 
(3.49) 

1.17 
(0.94) 

6. Rainwater tanks are an eyesore to the amenity of our 
suburb ® 

42.8 
(27.2) 

41.4 
(51.1) 

7.9 
(13.0) 

5.9 
(6.5) 

2.0 
(2.2) 

1.83 
(2.05) 

0.95 
(0.93) 

7. Rainwater tanks have become an item of popular 
discussion in our social circles 

6.6 
(9.8) 

36.4 
(38.0) 

26.5 
(18.5) 

19.9 
(25.0) 

10.6 
(8.7) 

2.91 
(2.85) 

1.12 
(1.17) 

8. The elderly should be exempt from water restrictions 
imposed on others ® 

17.1 
(24.2) 

37.5 
(32.6) 

16.4 
(11.6) 

19.1 
(17.9) 

9.9 
(13.7) 

2.67 
(2.64) 

1.24 
(1.38) 

9. The needs of future generations are just as important as our 
own needs 

50.7 
(47.3) 

45.4 
(44.1) 

3.3 
(4.3) 

0.7 
(3.2) 

0.0 
(1.1) 

1.54 
(1.67) 

0.60 
(0.80) 

10. The water crisis can be solved if every household does its 
share 

26.6 
(28.0) 

44.8 
(47.3) 

11.7 
(12.9) 

11.7 
(5.4) 

5.2 
(6.5) 

2.24 
(2.15) 

1.13 
(1.10) 

11. We installed a rainwater tank out of a sense of community 
responsibility 

9.9 
(22.8) 

22.4 
(33.7) 

28.9 
(23.9) 

25.7 
(14.1) 

13.2 
(5.4) 

3.10 
(2.46) 

1.18 
(1.15) 

12. Overall, membership of the Community in which we live 
was a strong positive influence on our household decision 
to install a RH system. 

3.0 
(11.8) 

18.5 
(27.6) 

30.4 
(26.3) 

27.4 
(28.9) 

20.7 
(5.3) 

3.44 
(2.88) 

1.10 
(1.12) 

 

TABLE 7.8 summarises descriptive data for all of the Items proposed in the Community scale.  A one way 

ANOVA run on the summary item for Community (Item 12) revealed a significant difference between 

Adopters and Nonadopters in the overall impact of perceptions of Community issues on the RH adoption 

decision (F (1, 209) = 12.515, p < 0.000).   Mean comparison shows that Nonadopters rated Community 

issues as a stronger influence on their decision making than the Adopters did.   

Further one way ANOVAs yielded significant differences between Adopters and Nonadopters for Item 2 (F 

(1,243) = 4.453, p = 0.039); Item 3 (F (1,244) = 9.048, p = 0.003); Item 4 (F (1,238) = 4.983, p = 0.027); 

Item 5 (F (1,234) = 17.312, p < 0.000) and Item 11 (F (1,242) = 17.209, p < 0.000).  Mean comparisons 

show that Adopters felt significantly more burden than Nonadopters in meeting their ‘responsibilities’ 

towards the community (by installing a rainwater tank) and by encouraging others in their community to do so.   
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Cronbach’s alpha was calculated for the twelve items proposed in the Community scale.  With Adopters 

and Nonadopters aggregated, α = 0.556.  Using the Spearman-Brown coefficient, α = 0.559, showing 

identical variances across items.  In the aggregated form, there were no significant benefits obtainable 

through Item deletion.  Disaggregated, Cronbach’s α = 0.535 for Adopters, and for Nonadopters, 

Cronbach’s α = 0.615. By convention, these correlation coefficients are considered sub-adequate.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, four subfactors with eigenvalues >1 converged in six iterations, 

accounting for 51.9% of the variance. The subfactors, respectively, are (a) RH is ‘front of mind’ in our 

community (21.5%, α = 0.726), (b) that the household is a community leader in RH adoption (16.0%, α = 

0.692), (c) that RH is becoming part of the respondents’ communities (10.2%, α = 0.611) and (d) that we 

should share water rights and responsibilities in our community (8.4%, α = 0.317).   

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

four subfactors with eigenvalues >1 converged in six iterations, accounting for 58.0% of the variance.  The 

subfactors for Adopters are sufficiently identical in their composition for like labelling.  Respectively, (a) RH 

is ‘front of mind’ in our community (19.3%, α = 0.671), (b) that the household is a community leader in RH 

adoption (16.8%, α = 0.761), (c) that RH is becoming part of the respondents’ communities (12.9%, α = 

0.514) and (d) that we should share water rights and responsibilities in our community (9.1%, α = 0.177).   

For Nonadopters, four subfactors with eigenvalues >1 converged in seven iterations, accounting for 66.1% 

of the variance.  The subfactors for Adopters are sufficiently identical in their composition for like labelling, 

though emerging in a slightly different order.  Respectively, (a) the household as a community leader in 

RH adoption (30.3%, α = 0.803), (b) RH is ‘front of mind’ in our community (16.8%, α = 0.759), (c) that RH 

is becoming part of the respondents’ communities (10.2%, α = 0.445) and (d) that we should share water 

rights and responsibilities in our community (8.8%, α = 0.410).   

“The lady doth protest too much, methinks.” (Queen Gertrude, Hamlet Act 3, Scene 2).  The irony of this  
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analysis, i.e. that Nonadopters reported the household as a ‘community leader in RH adoption’ as the 

most significant factor in the PCA is not lost.  In fact, Nonadopter respondents reported many of the 

theorised factors had a greater influence on their decision making than Adopters.   

The tendency of respondents to provide socially desirable answers is the most studied form of response bias 

in the social sciences (Paulhus and Reid, 1991).  Fisher and Katz (2000) hypothesise that the more 

important a value is within a culture, the greater the social desirability response bias in the self-report 

measure.  The researcher’s discussions of this effect with colleagues consistently evoked Adler’s (1917) 

idea of ‘compensation’ (or overcompensation) - a strategy whereby one covers up, consciously or 

unconsciously, weaknesses, frustrations, desires, or feelings of inadequacy or incompetence.  

Compensation of this sort (more often termed ‘social desirability’) is a plausible hypothesis for this effect 

and consistent with the well-recognised dissonance between espoused environmental values and action 

that problematised psychological approaches to environmental action (e.g. Ajzen and Fishbein, 1980).   

Paulhus and Reid’s (1991) analysis of differentiated forms of social desirability bias showed that 

‘impression management’ is associated with the desire to present one’s self in a socially desirable way.  

Two important issues discount the likely impact of this form of social desirability as a significant response 

bias in this research.  First, respondents incur a social desirability bias when they anticipate positive social 

feedback for doing so.  Yet, surveys were distributed in a manner that explicitly separated identification of 

the respondent from the responses provided, and since the survey instructions explicitly rejected any 

advocacy of rainwater harvesting, there is no respective connectivity between claim and reward to support 

the impression management hypothesis with regard to the community context, or even with respect to 

‘pleasing’ the researcher.  Second, Fisher and Katz (2000: 109) further identified that these individuals 

“prefer low-profile behaviours that enable them to avoid evaluation by others, even when they perceive 

that such evaluations lead to social rewards”.  Impression management is an unlikely source of bias. 

‘Self-deceptive positivity’, conversely, reflects an honest, but overly favourable self-perception which is 

entirely consistent with the ‘subjective’ (social-constructivist) position promulgated by the household as the 
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epistemological framework in the present research, i.e. the household’s view is ‘true for the household’.  

Although self-deceptive positivity cannot be eliminated, a pre-existing social desirability scale was not 

used in this research for this reason.  Nonetheless, relevant and specific items, such as household 

disregard of water restrictions were included and discussed (p387) in connection with strategic response/ 

social desirability/ lying, with no evidence of bias present. 

Attracting less attention in the scholarly literature, though it is also an issue of significance, is the 

possibility of strategic response.  Lusk, McLaughlin and Jaeger (2007) define a strategic survey response 

as one in which a person indicates a preference or intention different than their actual preference or 

intention so as to benefit themselves in some way.  Although the survey asks questions relating to the 

possibility of the household purchasing a rainwater harvesting system or componentry in the future, 

responses cannot be taken to be strategic in this sense, since they are in no way connected to public or 

private sector initiatives to promulgate the uptake of rainwater harvesting systems.   

It was considered that the presence of explicit confounding factors such as the household authority over the 

RH adoption decision and/or potentially confounding factors such as demographics of household income, 

time at the dwelling and so on (cf TABLE 7.3: Demographic summary of respondent sample) deter both 

the social desirability hypothesis and the strategic response hypothesis being advanced with conviction.  It 

remains entirely possible that for the community of their peers, items comprising the subfactor remain true: 

Nonadopters’ Survey Item 3. Members of our household have encouraged others in our community to install 
a rainwater tank 

Nonadopters’ Survey Item 4. Our household is likely to install a tank before anyone else we know  
Nonadopters’ Survey Item 5. Our household is likely to install a tank before most people we know 

After reflection on these matters, a decision was made to proceed with three subscales.  The first, 

comprising Items 7, 11 and 12 covers the ‘front of mind’ influence of household RH in the community.  

Overall PCA results are summarised in TABLE 7.9.  Subfactor loadings for aggregated respondents, 

Adopters, and Nonadopters are summarised in Appendix C1. 
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With the subfactors optimised as shown in TABLE 7.9, a one-way ANOVA run on the first subfactor, ‘RH is 

‘front of mind’ in our community’, and missing data excluding cases analysis by analysis, revealed a 

significant difference between Adopters and Nonadopters (F (1, 206) = 10.884, p = 0.001).   

The second subscale comprised Items 3, 4 and 5 and covers the household position on RH relative to the 

community: ‘Our household is a community leader in RH adoption’.  A one way ANOVA run on the second 

subfactor revealed a significant difference between Adopters and Nonadopters (F (1, 233) = 17.212, p < 

0.000).   

TABLE 7.9: Subfactors in the Community construct. 
 
Factor: Community 
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 RH is ‘front of mind’ in our community 3 (11,12,7) 3.01    (0.92) 0.726 21.5% 21.5% 
2 Our household is a community leader in RH adoption 3 (5,4,3) 3.14    (0.85) 0.692 16.0% 37.6% 
3 RH is becoming part of our community  3 (6,1,2) 2.53    (0.70) 0.484 13.1% 50.7% 
4 We should share water rights and responsibilities in our 

community 
3 (9,10,8) 2.15    (0.68) 0.317   8.4% 59.1% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 RH is ‘front of mind’ in our community 3 (11,12,7,3) 3.17    (0.88) 0.671 19.3% 19.3% 
2 Our household is a community leader in RH adoption 2 (5,4) 3.05    (1.06) 0.761 16.8% 36.1% 
3 RH is becoming part of our community  3 (6,8,1) 2.32    (0.75) 0.514 12.9% 49.0% 
4 We should share water rights and responsibilities in our 

community 
3 (10,2,9) 2.26    (0.56) 0.177   9.1% 58.0% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 RH is ‘front of mind’ in our community 3 (11,12,7) 3.17    (0.88) 0.671 nc nc 
2 Our household is a community leader in RH adoption 3 (5,4,3) 2.97    (0.83) 0.599 nc nc 
3 RH is becoming part of our community  3 (6,1,2) 2.44    (0.67) 0.489 nc nc 
4 We should share water rights and responsibilities in our 

community 
3 (8,9,10) 2.15    (0.63) 0.181 nc nc 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Our household is a community leader in RH adoption 3 (5,4,3) 2.74    (0.94) 0.803 30.3% 30.3% 
2 RH is ‘front of mind’ in our community 4 (12,11,10,7) 2.58    (0.83) 0.759 16.8% 47.1% 
3 RH is becoming part of our community  3 (1,6,2) 2.67    (0.74) 0.445 10.2% 57.2% 
4 We should share water rights and responsibilities in our 

community 
2 (8,9) 2.16    (0.89) 0.410   8.8% 66.1% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 RH is ‘front of mind’ in our community 3 (11,12,7) 3.43    (0.80) 0.792 nc nc 
2 Our household is a community leader in RH adoption 3 (5,4,3) 2.74    (0.94) 0.803 nc nc 
3 RH is becoming part of our community  3 (6,1,2) 2.67    (0.74) 0.445 nc nc 
4 We should share water rights and responsibilities in our 

community 
3 (8,9,10) 2.16    (0.77) 0.477 nc nc 
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The third subscale, comprised of Item 1, 2 and 6 addresses the extent to which RH is assimilated as a 

valid community value and or practice.  A one way ANOVA run on the third subfactor, ‘RH is becoming 

part of our community’ revealed a significant difference between Adopters and Nonadopters (F (1, 236) = 

6.531, p = 0.011).   

A one way ANOVA run on the fourth subfactor, ‘We should share water rights and responsibilities in our 

community’, was non-significant (F (1, 240) = 0.003, p = 0.995).   

Content analysis of the RH Adopters’ written responses relating to the influence of Community in the RH 

adoption decision revealed that 70.9% of Adopters specifically reported that community values were not 

an issue in their adoption decision, some voicing this with surprising strength: 

• “No impact” (54) 
• “We bought one for our own use and because we could afford it - we have little interest in what others think 

or do.” (133) 
• “It was a totally personal decision.” (205) 

An additional 4.3% of the Adopters reported Community values as only a marginal issue (e.g. “Very little” 

(17), or “Not at all - but I take care that my water use doesn't impact on neighbours.” (110)).   

For the remaining 24.8% of Adopters, for whom community issues did influence the adoption decision, 

7.1% of comments recognised that the values the household held in its membership of a community was 

the primary positive impact on the household adoption decision: 

• “Considerably.” (123) 
• “Very much the inspiration to do it.” (213) 

25.0% of comments recognised a connection between the household adoption decision and community 

membership: 

• “Community compliance was an influence.” (45) 
• “Our suburb is all on tanks, so this impact was not so personally important.” (155) 
• “What's the community norm? - the value to the community is the overall reduction in usage.” (76) 

50.0% of comments identified that the household RH adoption decision reflected more concrete action,  
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that the household took responsibility for its membership of a community: 

• “I wanted to show people around here you can do it, and I wanted to do my bit.” (31) 
• “We're responsible for the problems, so we're responsible for the solutions.” (50) 
• “Moderately - we all have to do our bit.  We can't change the world, but if we all pull together we can make a 

difference.” (109) 

And 21.4% of this group extended their sense of responsibility to an intergenerational solidarity:  

• “We all need to conserve water for now and the future.” (32) 
• “It was important for us to minimise our impact on the dams for future generations.” (49) 
• “We considered our needs and the needs of future generations.” (59) 

7.1% of comments identified the RH adoption decision had been forced on them by poor planning: 

• “Too many people move to SEQ without the required infrastructure.” (40) 
• “Due to the fact that the government has not been able to supply the mains water I need.” (214) 

10.7% of comments nominated another theorised construct as more important to the adoption decision 

than technological innovation: 

• “We feel that all houses, particularly new ones should have a tank, but this did not affect our decision.” (77) 

• “Was more for our preference in taste.” (86) 
• “Not high on the decision level - people should have their right to make their own decisions on tanks.” (119) 

Overall, formative scale development and PCAs showed that the broad theoretical construct of Community 

was comprised of four quite robust subfactors: (a) RH is ‘front of mind’ in our community, (b) our 

household, (c) perception of the value of the RH investment and (d) we should share water rights and 

responsibilities in our community.  These subfactors were quite uniform across the aggregated, Adopter 

and non Adopter conditions.  These four subfactors explained 59.1% of the variance in responses on 

Community items, showed moderately strong internal consistency statistically, showed strong conceptual 

integrity, and three of the four significantly discriminated between Adopters and Nonadopters.  The fourth 

subfactor, (d) ‘we should share water rights and responsibilities in our community’ showed one of the 

highest levels of agreement across respondents in the entire survey, but, conversely, did not discriminate 

between Adopters and Nonadopters.  These results support the inclusion of Community as a 

consideration in the household decision making on RH adoption.   
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Compatibility 

TABLE 7.10: Descriptive statistics of the Compatibility scale data. 
 

Compatibility Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. It is difficult to integrate rainwater with the plumbing at this 
household for inside use (e.g. laundry) ® 

13.9 
(4.3) 

27.2 
(19.4) 

13.9 
(29.0) 

27.2 
(32.3) 

17.9 
(15.1) 

3.08 
(3.34) 

1.35 
(1.09) 

2. Members of this household feel comfortable about using 
rainwater instead of mains water 

24.8 
(19.1) 

45.8 
(51.1) 

19.0 
(20.2) 

8.5 
(8.5) 

2.0 
(1.1) 

2.17 
(2.21) 

0.97 
(0.89) 

3. The tank is just one part of this household's ongoing 
commitment to live a ‘greener’ lifestyle  

17.9 
(13.2) 

54.3 
(54.9) 

21.2 
(19.8) 

5.3 
(8.8) 

1.3 
(3.3) 

2.18 
(2.34) 

0.83 
(0.93) 

4. There is no space at our household to fit a rainwater tank ® 44.7 
(24.7) 

46.0 
(48.4) 

9.3 
(12.9) 

0.0 
(9.7) 

0.0 
(4.3) 

1.65 
(2.20) 

0.65 
(1.06) 

5. Using tank water is not part of the lifestyle we would prefer 
® 

39.6 
(29.7) 

37.6 
(50.5) 

15.4 
(8.8) 

6.0 
(7.7) 

1.3 
(3.3) 

1.92 
(2.04) 

0.96 
(1.00) 

6. Overall Compatibility of a RH system with our household 
preferences and physical constraints was a strong positive 
influence on our household decision to install a RH system. 

12.1 
(15.1) 

27.3 
(39.7) 

36.4 
(30.1) 

17.4 
(11.0) 

6.8 
(4.1) 

2.80 
(2.49) 

1.08 
(1.02) 

 

TABLE 7.10 summarises descriptive data for all of the Items proposed in the Compatibility scale.  A one 

way ANOVA run on the summary item for Compatibility revealed a significant difference between Adopters 

and Nonadopters in the overall impact of perceptions of Compatibility issues on the RH adoption decision 

(F (1, 203) = 3.829, p = 0.050).   Mean comparison shows that Nonadopters rated Compatibility issues as 

a stronger influence on their decision making than the Adopters did.  

Further one way ANOVAs yielded a significant difference between Adopters and Nonadopters for Item 4 

(F (1,241) = 17.851, p < 0.000).  Mean comparisons show Nonadopters reported a lack of space for RH 

installation. 

Cronbach’s alpha was calculated for the six items proposed in the Compatibility scale.  With Adopters and 

Nonadopters aggregated, α = 0.526.  Using the Spearman-Brown coefficient, α = 0.543, showing quite 

similar variances across items.  In the aggregated form, there were no significant benefits obtainable 

through Item deletion.  Disaggregated, Cronbach’s α = 0.543 for Adopters, and for Nonadopters, 

Cronbach’s α = 0.494.  By convention, these correlation coefficients are considered sub-adequate.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with  
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Adopters and Nonadopters aggregated, two subfactors with eigenvalues >1 converged in three iterations, 

accounting for 53.0% of the variance. The subfactors are not conceptually discrete, both subfactors 

comprising physical and ‘lifestyle’ operationalisations of the compatibility construct.  The subfactors, 

respectively, are (a) a globalised compatibility (31.9%, α = 0.570), and (b) a second subfactor otherwise 

not clearly differentiated from the globalised compatibility of the first subfactor in either of the Varimax and 

unrotated solutions (21.1%, α = 0.408).   

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

the same two subfactors with eigenvalues >1 converged in three iterations, accounting for 51.9% of the 

variance.  The subfactors, respectively, again are (a) a globalised compatibility (32.3%, α = 0.546), and (b) 

a second subfactor otherwise not clearly differentiated from the globalised compatibility of the first 

subfactor in either of the Varimax and unrotated solutions (19.6%, α = 0.308).  

For Nonadopters, the same two subfactors with eigenvalues >1 converged, again in three iterations, 

accounting for 56.7% of the variance.  The subfactors, respectively, again are: (a) a globalised 

compatibility (30.7%, α = 0.594), and (b) a second subfactor otherwise not clearly differentiated from the 

globalised compatibility of the first subfactor in either of the Varimax and unrotated solutions (26.0%, α = 

0.615). Overall PCA results are summarised in TABLE 7.11.  Subfactor loadings are summarised in 

Appendix C2.   

TABLE 7.11: Subfactors in the Compatibility construct. 
 
Factor: Compatibility 
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Globalised compatibility 4 (5,4,1,2) 2.29    (0.66) 0.570 31.9% 31.9% 
2 Globalised compatibility 2 (6,3) 2.47    (0.77) 0.408 21.1% 53.0% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Globalised compatibility 4 (5,4,2,1) 2.20    (0.65) 0.546 32.3% 32.3% 
2 Globalised compatibility 2 (6,3) 2.49    (0.74) 0.308 19.6% 51.9% 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Globalised compatibility 4 (5,4,2,1) 2.45    (0.65) 0.594 30.7% 30.7% 
2 Globalised compatibility 2 (6,3) 2.44    (0.83) 0.615 26.0% 56.7% 
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With the subfactors optimised, as shown in TABLE 7.11, a one-way ANOVA run on the first subfactor 

revealed a significant difference between Adopters and Nonadopters (F (1, 233) = 8.107, p = 0.005).  

Mean comparison shows that Nonadopters rated these aspects of compatibility as a stronger negative 

influence on their decision making than the Adopters did.  A one way ANOVA on the second subfactor 

was not significant.   

Content analysis of the RH Adopters’ written responses relating to the influence of Compatibility in the RH 

adoption decision revealed that 46.4% of Adopters specifically reported that compatibility was not an issue 

in their adoption decision.  No Adopters reported compatibility as only a marginal issue. 

• “A RH system is quite compatible but it was not conscious in our decision to install a tank.” (77) 
• “It was already here, but compatible just the same.” (91) 
• “Did not affect decision.” (203) 

For the remaining 53.6% of Adopters, for whom compatibility issues did influence the adoption decision, 

20.9% of comments identified aspects of the compatibility of RH with its physical establishment at the 

household: 

• “Even though it's physically difficult to integrate rainwater into the house, it didn't stop us installing a tank for 
garden usage.” (49) 

• “The appearance of the RH system was to be compatible with the building and surrounds.” (102) 
• “It fits in quite well. If the space was not available then we would not have a tank.” (240) 

14.9% of comments identified aspects of the compatibility of RH with the existing lifestyle and lifestyle 

preferences of the household: 

• “We have an outdoor lifestyle, so garden and pool are important.” (105) 
• “Rainwater tanks are an integral part of our lifestyle because of the reticulation system available in the area.” 

(165) 
• “Our tanks supply drinking water which we prefer to town water.” (193) 

14.9% of comments recognised the constraints of RH compatibility with the household: 

• “Where we had to put the tank is not particularly user friendly. We were also limited in size. However there 
are benefits under current government restrictions.” (87) 

• “Constraints are largely influenced by tank siting and limited access to get a larger tank a crane will be 
needed.” (93) 
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• “At the present it is not very compatible.  However, carrying the tank water to the laundry and buckets is 
being considered.” (231) 

9.0% of comments identified that the acquisition of a RH system required some adjustment to achieve 

compatibility with the household: 

• “It's a choice to make it compatible, but in the end, what we have seems no different.” (22) 
• “We feel very compatible with this lifestyle change.” (59) 
• “Having a tank was more important than lifestyle preferences and in the middle term, with patience, 

ingeniousity and money we'll find a balanced solution.” (223) 

9.0% of comments reflected the household’s ease of using the RH system, and are probably more 

appropriately grouped as reflective of the Ease of Use construct operationalisation: 

• “We use it when we need it; i.e. wash cars, water garden.” (139) 
• “Being able to use the water when convenient.” (17) 
• “The tank was placed in the only practical space: and is in the least useful position, so is less convenient than 

using mains water.” (131) 

An additional 3.0% of comments nominated another theorised construct as more important to the adoption 

decision than compatibility:  

• “It did, as I don't have to worry about using extra water with the tank we have” (31) 
• “Only wish to maintain vegetable garden alone with current restrictions.” (45) 

Analysis of the numerical data and written comments relating to Compatibility provided an opportunity for 

reflection on the complexities of construct operationalisation.  These are largely a legacy of the formative 

factor analyses that ultimately defined the operationalisations of Rogers (1962, 1983, 2003).  The 

constructs are conceptually plagued by overlap of physical and psychological elements of compatibility.  

Scholarly activity subsequent to Rogers set about unravelling this Gordian knot by separating physical and 

psychological elements.  It is therefore interesting that in the present analysis, physical and psychological 

elements were inextricable through the PCA procedure.  In fact, additional PCAs were attempted on the 

compatibility data, forcing various three- and four- factor solutions, though this link across physical and 

psychological elements remained present in each alternative solution attempted.   
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Overall, formative scale development and PCAs showed that the broad theoretical construct of 

Compatibility presented a clear statistical argument, but some conceptual challenges to reduction.  Each 

of the subfactors used in the optimised solution is best described as a ‘globalised compatibility’, including 

items which spanned physical and psychological compatibility issues. These subfactors were identical 

across the aggregated, Adopter and Nonadopter conditions.  These two subfactors explained 53.0% of the 

variance in responses on Compatibility items, showed moderate internal consistency statistically and 

reflected the standing findings as mentioned with regard to conceptual integrity.  The first subfactor 

significantly discriminated between Adopters and Nonadopters, though the second was nonsignificant.  

These results support the inclusion of Compatibility as a consideration in the household decision making 

on RH adoption.   
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Cost and economy 

TABLE 7.12: Descriptive statistics of the Cost and Economy scale data. 
 

Cost and Economy Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

 

1. Because of the extra costs involved, we decided not to plumb 
the tank water for inside use 

22.3 
(30.0) 

22.3 
(26.7) 

23.6 
(13.3) 

8.8 
(16.7) 

23.0 
(13.3) 

2.88 
(2.57) 

1.46 
(1.41) 

2. Money spent on a rainwater tank would be better spent 
elsewhere  

7.4 
(5.4) 

3.4 
(10.8) 

18.8 
(16.1) 

18.8 
(35.5) 

51.7 
(32.3) 

4.04 
(3.78) 

1.23 
(1.17) 

3. On balance, the cost of a rainwater tank is worth the 
investment ® 

57.3 
(31.9) 

33.3 
(50.5) 

4.7 
(13.2) 

2.0 
(3.3) 

2.7 
(1.1) 

4.41 
(4.09) 

0.88 
(0.83) 

4. Saving money on future water bills motivated us to get a tank 13.4 
(18.7) 

22.8 
(36.3) 

32.2 
(18.7) 

15.4 
(19.8) 

16.1 
(6.6) 

2.59 
(2.59) 

1.26 
(1.19) 

5. The overall cost did not affect our preference for tank size or 
shape ® 

10.3 
(16.5) 

20.5 
(31.9) 

16.4 
(17.6) 

30.1 
(17.6) 

22.6 
(16.5) 

3.34 
(2.86) 

1.31 
(1.35) 

6. The overall cost did not affect the peripheral components (e.g. 
pump, filters, first flush) we wanted ® 

8.0 
(12.1) 

18.0 
(36.3) 

20.0 
(14.3) 

29.3 
(24.2) 

24.7 
(13.2) 

3.45 
(2.90) 

1.26 
(1.27) 

7. The prospect of a rise in mains water rates motivated us to 
get a tank 

8.1 
(15.2) 

18.8 
(34.8) 

28.2 
(26.1) 

18.8 
(17.4) 

26.2 
(6.5) 

3.36 
(2.65) 

1.28 
(1.13) 

8. We used a predetermined budget to help make decisions 
about what system components to install 

8.2 
(18.7) 

17.8 
(45.1) 

34.9 
(19.8) 

23.3 
(12.1) 

15.8 
(4.4) 

3.21 
(2.38) 

1.16 
(1.06) 

9. Considering all elements in the cost to this household, the 
Cost and economy was a strong positive influence on our 
household decision to install a RH system 

12.9 
(24.7) 

25.0 
(46.9) 

28.2 
(13.6) 

19.4 
(12.3) 

14.5 
(2.5) 

2.98 
(2.21) 

1.23 
(1.03) 

® = Reversed for scoring 

TABLE 7.12 summarises descriptive data for all of the Items proposed in the Cost and Economy scale.  A 

one way ANOVA run on the summary item for cost and economy issues (Item 9) revealed a significant 

difference in the overall impact of cost and economy issues between Adopters and Nonadopters on the 

RH adoption decision (F (1, 204) = 21.295, p < 0.000).  Mean comparison shows that Nonadopters rated 

cost and economy issues as a stronger influence on their decision making than the Adopters did.  The 

rating of Cost and economy issues as more significant by Nonadopters than by Adopters is consistent with 

the ABS 4602.0 (2005) study, which found that ‘cost’ was reported by an average 42% of nonadopting 

households, as the single greatest inhibitor of household RH adoption in the last ten years.   

One way ANOVAs also yielded significant differences between Adopters and Nonadopters for Item 1 (F 

(1,237) = 2.759, p = 0.098); Item 3 (F (1,240) = 7.663, p = 0.006); Item 4 (F (1,240) = 6.144, p = 0.014) ; 

Item 5 (F (1,240) = 7.508, p = 0.007); Item 6 (F (1,240) = 10.465, p = 0.001); Item 7 (F (1,240) = 19.532, p 

< 0.000) and Item 8 (F (1,236) = 30.152, p < 0.000).   
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Cronbach’s alpha was calculated for the nine items proposed in the Cost and Economy Scale.  With 

Adopters and Nonadopters aggregated, α = 0.662.  Using the Spearman-Brown stepped-up reliability 

coefficient, α = 0.771, showing almost identical variance across items.  Disaggregated, Cronbach’s α = 

0.626 for Adopters, and for Nonadopters, Cronbach’s α = 0.574.   

Three PCAs were run to determine any structural relationships among the items.   In the first PCA, with 

Adopters and Nonadopters aggregated, three subfactors with eigenvalues >1 converged in four iterations, 

accounting for 63.5% of the variance.  The subfactors, respectively, are summarised as (a) developing RH 

on a budget to offset future water costs (25.0%), (b) the effect of upfront cost on selection of RH system 

components (21.1%), and (c) perception of the value of the RH investment (17.3%).    

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

the same three subfactors, each with eigenvalues >1 converged in four iterations, accounting for 62.9% of 

the variance.  For Nonadopters, two subfactors with eigenvalues >1 converged in three iterations, 

accounting for 53.1% of the variance, with subfactors (b) and (c) combining.  When three subfactors were 

forced in a subsequent PCA on Nonadopters, the same three subfactors (compared with Adopters’ and in 

toto PCAs) converged in six iterations, accounting for 64.1% of the variance.   

Overall PCA results are summarised in TABLE 7.13.  Subfactor loadings are summarised in Appendix C3.   

With the subfactors optimised as shown in TABLE 7.13, a one-way ANOVA run on the first subfactor 

‘Developing RH on a budget to offset future water costs’ revealed a significant difference between 

Adopters and Nonadopters on the RH adoption decision (F (1, 200) = 31.895, p < 0.000).  Mean 

comparison shows that Nonadopters reported the value of developing RH on a budget to offset future 

water costs as more important influence on adoption than the Adopter respondents did.  

A one way ANOVA run on the second subfactor ‘Effect of upfront cost on RH components’ revealed a 

significant difference between Adopters and Nonadopters on the RH adoption decision (F (1, 235) = 9.534, 

p = 0.002).  Mean comparison shows that Nonadopters reported the effect of upfront costs on their  



304 of 457 

adoption decision as more important influence than the Adopter respondents.  

A one way ANOVA run on the third subfactor ‘Perception of the value of the RH investment’ revealed a 

significant difference between Adopters and Nonadopters on the RH adoption decision (F (1, 237) = 5.796, 

p = 0.017).  Mean comparison shows that Adopters reported RH as a better investment than the 

Nonadopter respondents.   

TABLE 7.13: Subfactors in the Cost and Economy construct. 
 
Factor: Cost and economy  
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Developing RH on a budget to offset future water costs 4 (4,7,8,9) 2.89    (0.89) 0.722 25.0% 25.0% 
2 Effect of upfront cost on RH components 2 (5,6) 3.20    (1.18) 0.785 21.1% 46.2% 
3 Perception of the value of the RH investment 2 (2,3) 4.11    (0.88) 0.579 17.3% 63.5% 

 

Adopters 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Developing RH on a budget to offset future water costs 4 (4,7,8,9) 3.16    (0.89) 0.704 26.4% 26.4% 
2 Effect of upfront cost on RH components 2 (5,6) 3.38    (1.16) 0.788 21.5% 47.8% 
3 Perception of the value of the RH investment 2 (2,3) 4.21    (0.85) 0.428 15.0% 62.9% 

 

Nonadopters 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Perception of the value of the RH investment 4 (2,3,5,6) 3.06    (0.71) 0.743 29.9% 29.9% 
2 Developing RH on a budget to offset future water costs 4 (4,7,8,9) 2.90    (1.08) 0.630 23.2% 53.1% 

 

       Subfactors optimised for DFA 
 

1 Perception of the value of the RH investment 2 (2,3) 3.93    (0.91) 0.776 23.6% 23.6% 
2 Developing RH on a budget to offset future water costs 4 (4,7,8,9) 2.48    (0.74) 0.630 20.8% 44.4% 
3 Effect of upfront cost on RH components 2 (5,6) 2.90    (1.17) 0.758 19.7% 64.1% 

A supplementary content analysis of Adopters’ written responses relating to the influence of Cost and 

economy issues in the RH adoption decision revealed that 44.1% of Adopters specifically reported that 

cost was not an issue in their adoption decision: 

• “Didn't affect our decision - we wanted to get a tank regardless.” (6) 
• “Cost was not a consideration.” (149) 
• “Did not affect our decision - we wanted to make use of wasted rain water.” (223) 

An additional 3.6% of the Adopters reported cost and economy as only a marginal issue (e.g. “marginally” 

(102), or “very little” (219)).  For the remaining 52.2% of Adopters, for whom cost and economy issues did 

influence the adoption decision, 27.6% of comments concerned how the RH adoption had been influenced  
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by a budget: 

• “Initially had to save up for the tank. Cost dictated the shape and the size of the tank selected. No plumber 
due to placement of tank and huge cost. Cheaper pump purchased. None of the wonderful peripheral 
devices purchased due to cost.” (4) 

• “We had a nominal budget of $2,000, which meant that a 5kL tank and a pump was all that fitted.” (118) 
• “Installed one tank and put slab and infrastructure in for a second. We couldn't afford the second tank at the 

time.” (147) 

17.1% of comments identified that without the presence of the rebate/s cost and economy issues would 

have had a more significant impact: 

• “In the context that if there were no rebates, we would not have been able to afford the tank and installation. 
We did not plumb because of the added cost with an established house.” (3) 

• “End cost of tank, installation and components was nil and this was a major factor in getting the tank.” (23) 
• “We couldn't afford it - we had to get a loan and wait for the rebate.  It took a while to decide.” (39) 

14.5% of comments nominated another theorised construct (without prior exposure to that construct) as 

more important to the adoption decision than upfront cost:  

• “Even though my only income is the pension, the need for water was the main thing, and the cost a 
secondary consideration.” (54) 

• “Cost was not the main issue - having space to place the tank was the main consideration.” (78) 
• “I like to live cleanly, so Government restrictions on washing patios, paths etc. was the reason - not the cost.” 

(131) 
• “The upfront cost was not a factor, but the ongoing economy and the environmental benefits were large 

factors in installing the tank.” (146) 

13.2% of comments identified that the accommodating the upfront costs was a primary issue: 

•  “Affordability was important.” (100) 
• “Cost and economy were important, but not critical - overall cost was more important.” (119) 
• “As a pensioner, the cost was the main factor and I installed what I could afford.” (172) 

9.2% of comments identified that the ongoing economy of RH was important to the adoption decision: 

• “After spending lots of money on plants - cost too much to replace them.” (38) 
• “Being able to keep plants alive and keep car, house and paths clean at no cost.” (150) 
• “We pride ourselves on never buying in water in 14 years of living here. The cost of water will blow out our 

budget.” (155) 
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Overall, formative scale development and PCAs showed that the broad theoretical construct of Cost and 

Economy was comprised of three robust subfactors: (a) developing RH on a budget to offset future water 

costs, (b) effect of upfront cost on selection of RH system components, and (c) perception of the value of 

the RH investment.  These subfactors were strongly uniform across the aggregated, Adopter and 

Nonadopter conditions.  These three subfactors explained 63.5% of the variance in responses on Cost 

and Economy items, showed strong internal consistency statistically, showed strong conceptual integrity, 

and significantly discriminated between Adopters and Nonadopters.  These results support the inclusion of 

Cost and Economy as a consideration in the household decision making on RH adoption. 
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Ease of use 

TABLE 7.14: Descriptive statistics of the Ease of Use scale data. 
 

Ease of Use Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

 

1. For our household, it takes no more effort to use rainwater than 
mains water from the tap 

28.0 
(34.0) 

24.7 
(30.9) 

14.0 
(5.3) 

23.3 
(25.5) 

10.0 
(4.3) 

2.63 
(2.47) 

1.37 
(1.16) 

2. Having a tank means water from our rain tank can be easily 
used when it is wanted 

46.1 
(8.7) 

39.5 
(31.5) 

8.6 
(20.7) 

5.9 
(28.3) 

0.0 
(10.9) 

1.74 
(1.91) 

0.85 
(0.88) 

3. It is inconvenient or time consuming to actually use the water 
we’ve collected in our tank ® 

1.3 
(2.2) 

14.1 
(8.6) 

14.1 
(15.1) 

34.9 
(50.5) 

35.6 
(23.7) 

2.89 
(2.92) 

1.08 
(0.98) 

4. Peripheral components like gutter guards or leaf eaters 
minimise maintenance 

19.6 
(18.3) 

39.9 
(44.1) 

29.1 
(21.5) 

9.5 
(16.1) 

2.0 
(0.0) 

2.34 
(1.82) 

0.97 
(0.68) 

5. Peripheral components like pumps or switching devices make 
rainwater more convenient for our household use 

31.1 
(10.9) 

37.8 
(23.9) 

22.3 
(28.3) 

4.7 
(31.5) 

4.1 
(5.4) 

2.13 
(1.93) 

1.04 
(0.77) 

6. The complexity of the whole tank purchase and installation 
process delayed our household getting a tank ® 

7.4 
(8.8) 

11.5 
(19.8) 

17.6 
(18.7) 

33.8 
(42.9) 

29.7 
(9.9) 

3.67 
(2.66) 

1.23 
(1.18) 

7. The RH system we installed is easy to operate and maintain 42.0 
(7.7) 

48.0 
(25.3) 

6.7 
(17.6) 

3.3 
(36.3) 

0.0 
(13.2) 

1.71 
(1.77) 

0.74 
(0.74) 

8. Use and maintenance of the RH system has upset the day-
to-day lifestyle of household members ® 

2.0 
(2.2) 

2.0 
(3.3) 

15.4 
(10.9) 

25.5 
(56.5) 

55.0 
(27.2) 

3.30 
(2.79) 

0.94 
(0.99) 

9. Water from our tank can easily be used where it is needed 
around the yard or home 

41.8 
(10.8) 

47.7 
(44.6) 

5.9 
(22.9) 

3.9 
(18.1) 

0.7 
(3.6) 

1.74 
(1.75) 

0.79 
(0.71) 

10. We installed a tank because the concept of harvesting rain 
for household use is simple and appealing 

41.5 
(10.8) 

36.7 
(44.6) 

12.2 
(22.9) 

4.8 
(18.1) 

4.8 
(3.6) 

1.95 
(2.09) 

1.08 
(0.98) 

11. Overall, Ease of Use was a strong positive influence on our 
household decision to install a RH system. 

17.4 
(10.8) 

30.6 
(44.6) 

29.9 
(22.9) 

13.9 
(18.1) 

8.3 
(3.6) 

2.65 
(2.07) 

1.17 
(1.34) 

 

TABLE 7.14 summarises descriptive data for all of the Items proposed in the Ease of Use scale.  A one 

way ANOVA run on the summary item for Ease of use (Item 11) revealed a significant difference in the 

overall impact of perceptions of ease of use issues between Adopters and Nonadopters on the RH 

adoption decision (F (1, 239) = 12.570, p< 0.000).   Mean comparison shows that Nonadopters rated Ease 

of Use issues as a stronger positive influence on their decision making than the Adopters did. 

Further one way ANOVAs yielded significant differences between Adopters and Nonadopters for Item 4 (F 

(1, 241) = 21.182, p < 0.000); Item 6 (F (1, 242) = 40.975, p < 0.000) and Item 8 (F (1, 242) = 16.074, p < 

0.000).  Mean comparison shows that Nonadopters sought to include technologies that would minimise 

maintenance and anticipated maintenance would disrupt their lifestyle significantly more than Adopters.  

Nonadopters also reported the adoption decision as more complex than the Adopters. 
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Cronbach’s alpha was calculated for the eleven items proposed in the Ease of use scale.  With Adopters 

and Nonadopters aggregated, α = 0.573.  Using the Spearman-Brown coefficient, α = 0.604, showing 

similar variances across items.  In the aggregated form, there were significant benefits obtainable through 

deletion of items 6 and 8: Cronbach’s alpha rose to α = 0.713 and the Spearman-Brown coefficient α = 

0.729.  Disaggregated, Cronbach’s α = 0.636 for Adopters.  With deletion of items 6 and 8, Cronbach’s 

alpha rose to α = 0.756.  For Nonadopters, Cronbach’s α = 0.297 for Nonadopters and with deletion of 

items 6 and 8, Cronbach’s alpha rose to α = 0.606.  By convention, these correlation coefficients are 

considered adequate.  The uniform improvement effected in the scale reliabilities with deletion of items 6 

and 8 initially suggests they should be removed from the Ease of Use scale.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, three subfactors with eigenvalues >1 converged in five iterations, 

accounting for 52.7% of the variance. The subfactors, respectively, are (a) Practical convenience of RH 

use (20.5%, α = 0.654), (b) RH system installation and maintenance (18.3%, α = 0.582) and (c) 

Chreseological impacts of component technologies (14.0%, α = 0.559).   

When disaggregated to Adopters and Nonadopters, three subfactors with eigenvalues >1 emerged for 

Adopters.  Accounting for 55.7% of the variance, the subfactors, respectively, are (a) practical 

convenience of RH use (25.4%, α = 0.742), (b) RH system maintenance and installation (16.1%, α = 

0.564) and (c) the chreseological impact of RH component technologies (14.2%, α = 0.587).   

Four factors with eigenvalues >1 emerged for Nonadopters, accounting for 61.5% of the variance.  The 

subfactors, respectively, are: (a) globalised ease of use issues (21.1%, α = 0.639), (b) globalised ease of 

use issues (15.8%, α = 0.597), with greater conceptual cohesiveness in (c) practical convenience of RH 

use (13.7%, α = 0.477), and (d) chreseological impact of RH component technologies (10.8%, α = 0.242).   

Rogers’ meta-analyses rate perceived complexity of an innovation third largest of his five key constructs 

(though significantly less than Relative Advantage or Compatibility). The development of the Ease of Use 
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factor began by inverting Rogers’ Complexity construct.  This conceptual inversion made a positive from a 

negative and opened the way for Moore and Benbasat’s reframing of the construct in terms of actual use, 

rather than simply of perception of the innovation.  The relative dominance of ‘practical convenience of RH 

use’ as the primary subfactor confirms the merit of using this operationalisation in the current analysis.   

Additionally, the chreseological impact of peripheral technologies show that economies of maintenance 

are perceived with particular components and the RH system is regarded as ‘more than a tank’.  This sits 

comfortably with the second subfactor (Item 6 in particular), which can be interpreted as the period of 

acquiring and integrating an understanding of RH system components (consistent with the DI literature 

regarding adoption as a decision process), consistent with the mental models of adoption and the 

practicalities of RH installation, certification and so on.  This period may cause more difficulties for some 

than for others.   

Finally, Item 9 deserves attention: “Water from our tank could be easily used where it is needed around 

the yard or home” (italics added).  Siting problems potentially play a significant role in nonadoption.  Siting 

is governed by property boundary setback regulations and the ABS 4602.0 (2005), citations of space as 

the third largest inhibitor of adoption (17% of Queensland households) could be sensibly consistent with 

availability of ‘appropriate space’.  For example, reporting on the most significant issues in nonadoptions, 

one household wrote:  

• “The location of the tank in order to have it plumbed.  As an established house it would have to have been 
placed in the middle of the back yard.” 

However, while it may have been a significant issue for the household offering this comment, a one way 

ANOVA revealed almost identical ratings by Adopters and Nonadopters for proximal convenience of the 

tank (F (1,247) =.005, p = 0.943), suggesting that siting was no more convenient for adopting households.  

With this understanding, siting can be regarded as one element in the practical convenience of RH use. 

Overall PCA results are summarised in TABLE 7.15.  Subfactor loadings for aggregated, Adopter and 

Nonadopter respondents are summarised in Appendix C4. 
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TABLE 7.15: Subfactors in the Ease of Use construct. 
 
Factor: Ease of Use 
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Practical convenience of RH use 6 (1,10,2,9,11,3) 1.59    (0.59) 0.654 20.5% 20.5% 
2 RH system maintenance and installation 3 (8,6,7) 2.12    (0.86) 0.582 18.3% 38.7% 
3 Chreseological impacts of component technologies 2 (5,4) 2.32    (0.81) 0.559 14.0% 52.7% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Practical convenience of RH use 6 (2,1,11,10,3,9) 1.57    (0.59) 0.742 25.4% 25.4% 
2 RH system maintenance and installation 3 (8,6,7) 2.25    (0.90) 0.564 16.1% 41.5% 
3 Chreseological impacts of component technologies 2 (5,4) 2.26    (0.78) 0.587 14.2% 55.7% 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Globalised ease of use issues 4 (8,7,3,6) 2.34    (0.68) 0.639 21.1% 21.1% 
2 Globalised ease of use issues 3 (4,10,9) 1.89    (0.60) 0.597 15.8% 37.0% 
3 Convenience of RH use 2 (1,2) 2.20    (0.84) 0.477 13.7% 50.6% 
4 Chreseological impacts of component technologies 2 (11,5) 2.07    (1.33) 0.242 10.8% 61.5% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Practical convenience of RH use 6 (2,1,11,10,3,9) 1.63    (0.59) 0.423 nc nc 
2 RH system maintenance and installation 3 (8,6,7) 1.93    (0.75) 0.568 nc nc 
3 Chreseological impacts of component technologies 2 (5,4) 2.42    (0.84) 0.410 nc nc 

With the subfactors optimised as shown in TABLE 7.15, a one way ANOVA run on the first subfactor was 

nonsignificant (F (1, 224) = 0.708, p = 0.401.  A one way ANOVA run on the second subfactor revealed a 

significant difference between Adopters and Nonadopters (F (1, 237) = 32.116, p < 0.000).  Mean 

comparison shows that Adopters regarded the maintenance and initial complexity of the RH adoption 

decision making less inhibitive to RH adoption.  A one way ANOVA run on the third subfactor revealed a 

significant difference between Adopters and Nonadopters (F (1, 235) = 12.303, p = 0.001).  Mean 

comparison shows that Nonadopters valued the component technologies that minimised maintenance 

issues more highly in the RH adoption decision than Adopters. 

Content analysis of the RH Adopters’ written responses relating to the influence of governance and 

regulation issues in the RH adoption decision revealed that 44.2% of Adopters specifically reported that 

ease of use was not an issue in their adoption decision. 

•  “It didn't come into the initial thought process.” (67) 
• “Ease of use was not considered.  It was the availability of extra water that was the only consideration.” (165) 
• “Did not affect decision.” (203) 
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An additional 5.7% of the Adopters reported environment as only a marginal issue (e.g. “Minimally” (102), 

or “Very little” (245)).  For the remaining 48.6% of Adopters, for whom ease of use issues did influence the 

adoption decision, 60.8% of their comments concerned the effect of ease of use on the household RH 

adoption decision: 

• “We knew that if our tank set-up was easy to use, we were more likely to make use of our rainwater and not 
townwater for which we have to pay.” (49) 

• “The system has been set up to make it easy to use.” (214) 
• “The ease of going to a tank and filling up a watering can to water pot plants and for drinking water did affect 

our decision.” (146) 

37.3% of comments identified the influence of installation issues on the household RH adoption decision: 

• “Spending the money on a plumber means we have an easy to use system, and his input facilitated that.” 
(147) 

• “We need a bit more reflection time on how and where to connect it to the house (washing machine, toilet?)  
But it was important to install it for quick and simple use first.” (222) 

• “We realised the setting up of a RH system was simpler than we first perceived.” (223) 

Fewer than 1% of comments identified that ease of use was a primary issue in the RH adoption decision 

(“Greatly influenced decision” (97)), although in this (single) case, it was not the household decision, but 

the decision of the landlord. 

4.9% of comments nominated another theorised construct as more important to the adoption decision than 

ease of use:  

• “Did not consider - Have used tank water before and do not consider it a difficulty.” (32) 
• “We have always had rainwater tanks.” (43) 
• “We originally had tanks for our household as well as trickle feed water.” (155)  

Overall, formative scale development and PCAs showed that the broad theoretical construct of Ease of 

Use was comprised of three robust subfactors: (a) practical convenience of RH use, (b) RH system 

maintenance and installation, and (c) the chreseological impacts of component technologies.  These 

subfactors were strongly uniform across the aggregated, Adopter and Nonadopter conditions.  These 

three subfactors explained 52.7% of the variance in responses on Ease of Use items, showed strong 
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internal consistency statistically, showed strong conceptual integrity, and significantly discriminated 

between Adopters and Nonadopters.  These results support the inclusion of Cost and Economy as a 

consideration in the household decision making on RH adoption. 
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Environment 

TABLE 7.16: Descriptive statistics of the Environment scale data. 
 

Environment Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

 

1. A rainwater tank is a good way for this household to help 
conserve water for environmental needs  

62.7 
(57.7) 

30.2 
(37.1) 

5.2 
(2.1) 

1.6 
(3.1) 

0.4 
(0.0) 

1.4 
(1.51) 

0.71 
(0.69) 

2. Climate change means we will have less water in public 
dams to meet our needs 

53.2 
(49.5) 

28.6 
(36.6) 

10.9 
(7.5) 

5.2 
(4.3) 

2.0 
(2.2) 

1.74 
(1.73) 

0.99 
(0.93) 

3. Current environmental conditions (e.g. drought) motivated 
us to install a rainwater tank 

44.8 
(42.3) 

35.2 
(44.3) 

8.8 
(6.2) 

6.0 
(5.2) 

5.2 
(2.1) 

1.92 
(1.80) 

1.11 
(0.92) 

4. Individual households should try to adopt all the pro-
environmental technologies that they can afford 

52.4 
(49.5) 

36.7 
(40.0) 

9.3 
(6.3) 

1.2 
(3.2) 

0.4 
(1.1) 

1.60 
(1.66) 

0.74 
(0.82) 

5. It is important to this household to minimise its overall 
impact on the environment  

50.4 
(45.3) 

44.0 
(48.4) 

4.8 
(5.3) 

0.8 
(1.1) 

0.0 
(0.0) 

1.56 
(1.62) 

0.63 
(0.64) 

6. Preserving and conserving the environment should take 
absolute priority over human ‘needs’ 

19.3 
(15.1) 

32.8 
(32.3) 

23.0 
(18.3) 

18.4 
(24.7) 

6.6 
(9.7) 

2.60 
(2.82) 

1.18 
(1.24) 

7. The amount of water used by our society damages the 
future quality of the environment  

27.2 
(24.5) 

36.6 
(43.6) 

22.0 
(16.0) 

12.2 
(12.8) 

2.0 
(3.2) 

2.25 
(2.27) 

1.05 
(1.07) 

8. There is not enough rain to make installing a tank 
worthwhile 

38.3 
(30.5) 

42.7 
(48.4) 

6.9 
(7.4) 

9.3 
(13.7) 

2.8 
(0.0) 

1.96 
(2.04) 

1.04 
(0.97) 

9. We installed a tank to help minimise household use of 
detergents, since rainwater is ‘soft’ water 

7.8 
(14.1) 

16.5 
(28.3) 

37.9 
(31.5) 

26.3 
(23.9) 

11.5 
(2.2) 

3.17 
(2.72) 

1.09 
(1.05) 

10. We installed the tank to assure we have water for 
household needs without further drawing on the dams 

26.1 
(33.3) 

38.0 
(45.2) 

21.2 
(12.9) 

10.6 
(6.5) 

4.1 
(2.2) 

2.29 
(1.99) 

1.09 
(0.96) 

11. When this household buys products we try to consider how 
our use of them affects the environment 

26.3 
(22.1) 

45.7 
(52.6) 

19.0 
(12.6) 

7.7 
(11.6) 

1.2 
(1.1) 

2.12 
(2.17) 

0.93 
(0.94) 

12. Overall, the current and future state of the Environment was a 
strong positive influence on our household decision to install 
a RH system.   

26.7 
(29.4) 

41.0 
(54.1) 

19.0 
(10.6) 

9.5 
(3.5) 

3.8 
(2.4) 

2.23 
(1.95) 

1.0 
(0.87) 

 

TABLE 7.16 summarises descriptive data for all of the Items proposed in the Environment scale.  A one 

way ANOVA run on the summary Item for Environment (Item 12) revealed a significant difference in the 

overall impact of perceptions of environmental issues between Adopters and Nonadopters on the RH 

adoption decision (F (1, 208) = 9.977, p= 0.002).  Moreover, one way ANOVAs yielded significant 

differences between Adopters and Nonadopters for Item 6 (F (1, 242) = 5.059, p = 0.025); Item 9 (F (1, 

241) = 29.136, p < 0.000); and Item 10 (F (1, 243) = 11.565, p = 0.001).  Mean comparison shows that 

Nonadopters rated minimising household detergent requirements, reducing demand on dams and the 

globalised state of the environment (Items 9, 10 and 12) as a stronger influence on their decision making 

than the Adopters did.   
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Cronbach’s alpha was calculated for the twelve items proposed in the Environment scale.  With Adopters 

and Nonadopters aggregated, α = 0.806 and α = 0.821 using the Spearman-Brown stepped-up reliability 

coefficient.   Disaggregated, Cronbach’s α = 0.781 for Adopters and for Nonadopters, Cronbach’s α = 

0.851.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, three subfactors with eigenvalues >1 converged in six iterations, 

accounting for 60.6% of the variance.  In each case, these subfactors have been summarised as a 

‘globalised pro-environmentalism’, since no conceptual discernment could be made on the basis of Item 

content.  Nevertheless, the Items had clear factor loadings and the subfactors account for 23.2%, 19.7% 

and 17.8% of the variance, respectively. 

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

four subfactors with eigenvalues >1 converged in six iterations, accounting for 64.8% of the variance.  For 

Nonadopters, four subfactors with eigenvalues >1 converged in seven iterations, accounting for 69.2% of 

the variance, with subfactors (b) and (c) combining.   

The available statistical argument for the existence of subfactors is insufficient.  For factor solutions to be 

purposeful they must demonstrate statistical and semantic clarity.  Two arguments collude to suggest that 

environmental issues needed further development.  First and most compelling, a problem was identified 

with the factor solutions’ lack of conceptual integrity in terms of consistency of Item content.  Here, prima 

facie opportunity for subfactors with conceptual differentiation does exist.  However, it is difficult to mount 

a comprehensive defense for conceptual integration within all of the subfactors, or for effective 

discrimination across subfactors in any of the adoption conditions.  Second, the PCAs reveal that the 

statistical composition of the subfactors themselves is transigent, since individual items load on different 

subfactors across the adoption conditions: the ‘like’ Items are distributed across different subfactors.  As 

an example, the household installation of RH as a pro-environmental action is addressed in Items 1, 3, 9, 

10 and 12.  These items load on all three subfactors – none of which can be defended as the household 



 315 of 457 

installation of RH as a pro-environmental action, since the PCA derivation of the subfactors incorporates 

other Items that do not share this meaning.   

A multitude of approaches to principal components analysis was attempted across the three adoption 

conditions, variously attempting different solution rotation, removing individual Items, forcing factor 

extractions and so on, maeutic seeking to uncover a latent harmony of statistical and semantic clarity.   

Further, reflection on the one way ANOVAs run on each Item indicate general agreement on the 

Environment Items(excepting Item 6, 9, 10 and 12).  Whilst it may be theoretically anticipated that 

Environment should play a significant role in adoption, these data do not suggest it has a particularly 

effective role in discriminating between adoption conditions.  One or more Environmental subfactors are 

nevertheless required to potentially contribute to the discriminant function analysis.  Consequently, and 

after considerable thought, a decision was made to maximise the loading of identical subfactors across all 

the three adoption conditions by eliminating Items that were not shared by two or more adoption 

conditions.  Three subfactors were used for each adoption condition, with the third subfactor forced in the 

Nonadopters solution.  Nevertheless, the scale alphas are acceptable, showing internal consistency, and 

these optimised solutions converged easily - in four rotations for aggregated respondents, five rotations for 

Adopter respondents and seven rotations for Nonadopter respondents, evidence that they are not too 

occult.   

Overall PCA results are summarised in TABLE 7.17.  Subfactor loadings are summarised in Appendix C5.  

With the subfactors optimised as shown in TABLE 7.17, a one-way ANOVA run on the first subfactor, 

redefined as the ‘Household role for minimising environmental impact’ was not significant (F (1, 241) = 

0.463, p = 0.497).   

A one way ANOVA run on the second subfactor, redefined as ‘RH adoption for environmental water 

shortage’, revealed a significant difference between Adopters and Nonadopters (F (1, 203) = 7.246, p = 

0.008).  Mean comparison shows that Nonadopters reported these environmental issues as a more  
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significant influence than Adopter respondents.   

A one way ANOVA run on the third subfactor, redefined as the ‘Environmental consequences of human 

activity’ was not significant (F (1, 238) = 2.307, p = 0.130). 

TABLE 7.17: Subfactors in the Environment construct. 
 
Factor: Environment  
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Household role for minimising environmental impact 4 (5,4,1,2) 1.59    (0.59) 0.765 23.2% 23.2% 
2 Globalised pro-environmentalism1 4 (10,12,3,9) 2.39    (0.78) 0.720 19.7% 42.8% 
3 Environmental consequences of human activity 3 (6,7,11) 2.32    (0.81) 0.638 17.8% 60.6% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Household role for minimising environmental impact 4 (1,2,4,5) 1.59    (0.59) 0.765 24.0% 24.0% 
2 RH adoption for environmental water shortage 3 (3,10,12) 2.12    (0.86) 0.748 20.1% 45.0% 
3 Environmental consequences of human activity 3 (6,7,11) 2.32    (0.81) 0.638 19.2% 64.1% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Household role for minimising environmental impact 4 (1,5,4,2) 1.57    (0.59) 0.754 23.1% 23.1% 
2 RH adoption for environmental water shortage 3 (10,12,3) 2.25    (0.90) 0.738 20.0% 43.2% 
3 Globalised pro-environmentalism1 4 (9,6,7,11) 2.56    (0.68) 0.573 16.8% 59.9% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Household role for minimising environmental impact 4 (1,2,4,5) 1.57    (0.59) 0.754 24.0% 24.0% 
2 RH adoption for environmental water shortage 3 (3,10,12) 2.25    (0.90) 0.738 21.4% 45.4% 
3 Environmental consequences of human activity 3 (6,7,11) 2.26    (0.78) 0.621 18.7% 64.0% 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Globalised pro-environmentalism1 5 (11,6,2,4,7) 2.12    (0.70) 0.743 24.1% 24.1% 
2 Globalised pro-environmentalism1 3 (1,3,5) 1.65    (0.63) 0.766 23.9% 48.1% 
3 Globalised pro-environmentalism1 3 (10,9,12) 2.26    (0.73) 0.637 16.4% 64.4% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Household role for minimising environmental impact 4 (1,2,4,5) 1.63    (0.59) 0.782 24.4% 24.4% 
2 RH adoption for environmental water shortage 3 (3,10,12) 1.93    (0.75) 0.756 23.1% 47.5% 
3 Environmental consequences of human activity 3 (6,7,11) 2.42    (0.84) 0.660 19.3% 66.8% 

 

1: (not clearly conceptually differentiated) 
 

Content analysis of the RH Adopters’ written responses relating to the influence of Environment issues in 

the RH adoption decision revealed that 38.8% of Adopters specifically reported that the environment was 

not an issue in their adoption decision, usually because they provided a stronger alternative reason: 

• “Not applicable - renting.” (95) 
• “Not at all - it's compulsory under local government conditions.” (170) 
• “It didn't.” (211) 
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An additional 5.0% of the Adopters reported environment as only a marginal issue (e.g. “Very little - didn't 

seem to make much difference” (17), or “not greatly considered” (212)). 

For the remaining 56.2% of Adopters, for whom environment issues did influence the adoption decision, 

28.0% of comments concerned a globalised pro-environmentalism: 

• “It's important to make housing and lifestyles more environmentally sustainable.” (22) 
•  “We believe there are environmental issues that need to be addressed.” (50) 
• “Growing trees and shrubs enhances the environment.” (215) 

18.6 of comments ostensibly nominated environmental reasons but on reflection, are arguably more 

concerned with sustaining aspects of the existing household lifestyle:  

• “We needed to keep our garden alive and wash the car and fill the pool and ponds.” (29) 
•  “The reduced rainfall, lack of foresight by Council and Government the fact that water is essential for life, rain 

was occurring in town, but not the catchment areas of dams.” (67) 
• “Capturing rainwater is easier than saving water.” (249) 

12.0% of comments identified a connection between environment and curtailed behaviour of the 

household: 

• “Very much so - we already recycle our shower water for the last 10 - 12 years.” (18) 
•  “Save our main water supply for consumption.  Our tank is used where it doesn't matter if it's not totally 

pure.” (32) 
• “Saving water reduces the need for water from dams and therefore, dam water can be used elsewhere.” (76) 

10.6% of comments nominated another theorised construct (without prior exposure to that construct) as 

more important to the adoption decision than upfront cost:  

• “Only that it would help with our needs during water restrictions.” (45) 
• “Was more for our preference in taste.” (86) 
• “We wanted drinking water free from added fluoride which is under consideration for the future.” (4) 

 
6.6% of comments identified that the environment was a primary issue in the household RH adoption 

decision: 

• “Main reason why the tank was purchased.” (22) 
•  “This was the main reason.” (108)  
• “I believe RH systems strongly help to save the environment, especially if most people use it.” (145) 
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4.2% of comments identified more specific information connecting RH with environmental issues in the 

household RH adoption decision: 

• “Rainwater is soft water.” (47) 
•  “A rainwater tank can provide a significant amount of water in a normal rain year (it rains about 30 

times/year).” (139) 
• “Tanks are simple and effective, though I am not sure though whether their manufacture is environmentally 

friendly.” (231) 

Overall, formative scale development and PCAs showed that the broad theoretical construct of 

Environment presented a clear statistical argument for subfactors, but some conceptual challenges to 

reduction of an integrated and discriminating concept defining these subfactors.  Through a process 

combining discriminatory semantic clarity with the statistical analysis, three subfactors were developed for 

the optimised solution.   Respectively, these concern: (a) the household role for minimising environmental 

impact, (b) RH adoption for environmental water shortage, and (c) the environmental consequences of 

human activity.  These subfactors were strongly uniform across the aggregated and Adopter conditions, 

but weaker in the Nonadopter condition.  These three subfactors explained 64.2% of the variance in 

responses on Environment items, showed strong internal consistency and significantly discriminated 

between Adopters and Nonadopters, support the inclusion of Environment as a consideration in the 

household decision making on RH adoption, despite some initial weakness in internal conceptual integrity 

of the subfactors.   
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Experience 

TABLE 7.18: Descriptive statistics of the Experience scale data. 
 

Experience Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. Members of this household drank rainwater elsewhere 
before the tank was installed here 

29.1 
(28.7) 

30.5 
(37.2) 

9.9 
(17.0) 

16.6 
(11.7) 

13.9 
(5.3) 

2.56 
(2.28) 

1.42 
(1.16) 

2. Members of this household have used rainwater from a tank 
elsewhere before the tank was installed here 

32.0 
(39.4) 

32.0 
(34.8) 

10.5 
(15.2) 

14.4 
(12.0) 

11.1 
(7.6) 

2.41 
(2.32) 

1.36 
(1.24) 

3. Seeing a RH system in action (e.g. homeshow) helped us 
make the decision to install one 

3.4 
(5.7) 

12.8 
(11.4) 

28.2 
(34.1) 

27.5 
(35.2) 

28.2 
(13.6) 

3.64 
(3.40) 

1.12 
(1.05) 

4. We wouldn’t have installed a tank here without more 
personal experience of how well they work 

8.8 
(11.2) 

10.2 
(13.5) 

22.4 
(33.7) 

34.7 
(33.7) 

23.8 
(7.9) 

3.54 
(3.13) 

1.21 
(1.10) 

5. Overall, previous Experience using water from raintanks was 
a strong positive influence on our household decision to 
install a RH system 

20.7 
(26.1) 

22.8 
(31.8) 

22.1 
(20.5) 

22.8 
(17.0) 

11.7 
(4.5) 

2.82 
(2.42) 

1.32 
(1.18) 

 

TABLE 7.18 summarises descriptive data for all of the Items proposed in the Experience scale.  A one 

way ANOVA run on the summary Item for Experience (Item 5) revealed a significant difference in the 

overall impact of past experience on the RH adoption decision between Adopters and Nonadopters (F (1, 

231) = 5.465, p= 0.020).  Mean comparisons show that Nonadopters rated appropriate past experience as 

a stronger positive influence on their decision making than the Adopters did.  Further one way ANOVAs 

yielded significant differences between Adopters and Nonadopters for Item 3 (F (1, 235) = 2.811, p = 

0.095) and Item 4 (F (1, 234) = 6.734, p = 0.010).  Mean comparison shows that Nonadopters rated the 

opportunity to see or experience a working RH system as a stronger influence on their decision making 

than the Adopters did.   

Cronbach’s alpha was calculated for the five items proposed in the Experience scale.  With Adopters and 

Nonadopters aggregated, α = 0.715. Using the Spearman-Brown stepped-up reliability coefficient, α = 

0.706.  Disaggregated, α = 0.715 for Adopters and for Nonadopters α = 0.695.  By convention, these 

correlation coefficients are all adequate. 

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, two subfactors with eigenvalues >1 converged in three iterations, 

accounting for 70.8% of the variance.  The subfactors, respectively, are actual experience (47.5%, α = 



320 of 457 

0.899) and the extent to which experience was regarded as important to the decision making (23.4%, α = 

0.583).   

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

the same two subfactors with eigenvalues >1 converged in three iterations, accounting for 73.1% of the 

variance.  The subfactors, respectively, are actual experience (47.5%, α = 0.898) and the extent to which 

experience was regarded as important to the decision-making (25.7%, α = 0.628).  For Nonadopters, a 

single factor comprised of all Items converged (unrotated).  This factor may therefore be described as any 

prior experience of RH (46.7%, α = 0.695).  When two subfactors were forced in the solution which 

converged in three iterations (the second eigenvalue was 0.968), the pattern of the subfactors from the 

combined and Adopter group analyses was quite similar, but not exactly preserved.  The first of the forced 

subfactors incorporated vicarious experience with actual past experience (which is acceptable in the DI 

literature) (46.7%, α = 0.684), while the second subfactor reinforced that more experience was necessary 

to the decision-making (19.4%, α = 0.456).   

Overall PCA results are summarised in TABLE 7.19.  Subfactor loadings are summarised in Appendix C6.   

TABLE 7.19: Subfactors in the Experience scale construct. 
 
Factor: Experience 
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Actual household experience of RH 2 (2,1) 2.97    (0.89) 0.898 47.5% 47.5% 
2 Experience as important to the adoption decision-making 2 (4,3,5) 3.22    (0.88) 0.538 23.4% 70.8% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Actual household experience of RH 2 (2,1) 3.04    (0.91) 0.898 47.5% 47.5% 
2 Experience as important to the adoption decision-making 2 (4,3,5) 3.34    (0.93) 0.628 27.5% 73.1% 

 

Nonadopters    Variance 
 Subfactor derived by PCA Items scale mean (δ)   α % Σ % 

1 Any experience relevant to RH 2 (1,2,5,4,3) 3.00    (1.00) 0.695 46.7% 46.7% 
 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Any experience relevant to RH 3 (2,1,3) 2.85    (0.87) 0.684 46.7% 46.7% 
2 Experience as important to the adoption decision-making 2 (4,5) 3.00    (0.74) 0.456 19.4% 66.0% 

The subfactors emergent in the Experience Scale have strong face validity, though they did not cleanly 

emerge for the Nonadopter cohort.  Nevertheless, on the basis of the overall results, a decision was made 
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to proceed with two subscales for the DFA.  The first, comprising of Item 1 and 2 covers actual household 

experience with RH, whilst the second, comprising Item 3, 4 and 5, considers the relevance of this 

experience to the actual RH adoption decision.   Since the second of these sub-scales concerns the actual 

adoption decision, it might reasonably be considered to lack clarity in households that have not yet 

conclusively considered RH adoption (a large percentage of the Nonadopter sample). 

Content analysis of the RH Adopters’ written responses relating to the influence of governance and 

regulation issues in the RH adoption decision revealed that 50.8% of Adopters specifically reported that 

past experience with RH was not an issue in their adoption decision: 

• “Not at all, but I would and do drink our rainwater without filters or sterilisation because we do drink that water 
at the family farm.” (147) 

• “Not at all - it was mandatory in my area.” (165) 
• “Did not affect decision.” (203) 

True also, when the experience was vicarious (consistent with the operationalisation of this construct):  

• “The experience of seeing a relative's rainwater system did not affect our decision.” (49)  

5.1% of comments identified that the household had made the adoption decision without any experience: 

• “No prior experience.” (18) 
• “I don't ever remember using tank water before.” (39) 
• “Not at all - books explained details of efficiency to me.” (110) 

An additional 3.1% of the Adopters reported the influence of past experience as only a marginal issue (e.g. 

“Not much.” (29), or “Marginally.” 102)). 

For the remaining 42.3% of Adopters, for whom experience did influence the adoption decision, only 1.5% 

of comments identified that past experience was an important factor in the household RH adoption 

decision:  

• “A great deal.” (62) 
• “Previous use of a metal RH system with confidence was important in our decision.” (231) 

83.0% of comments concerned personal experiences in the household decision: 

• “We were on tank water in the early 1970s, but Council forced us on to town water.” (25) 
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• “Have used rainwater tanks before moving here.” (47)  
• “We had used rainwater tanks in the past and knew a lot of people who had them.” (59) 

And 66.7% of these comments identified that the experience was gained in a familial setting: 

• “We grew up with tank water and continued the tradition.  A tank was in place when we purchased the home 
in 1957 and has been replaced as needed. Tanks have been part of our upbringing.” (51) 

• “We always had tank water to drink when I was growing up and this affected our decision to install a tank.” (146) 
• “Grew up on a farm with several watertanks.  Always considered not having one a waste of good resources.” 

(246) 

1.5% concerned positive impacts of vicarious experience:  

• “We saw how a tank saved my parents from losing their extensive garden.” (56) 
• “Talked to neighbours and others who have installed rainwater systems.” (139) 

6.2% of comments nominated another theorised construct as more important to the adoption decision than 

governance and regulation:  

• “If there was no drought we would not have installed a tank.” (133) 
• “Experience did not affect installation - expediency did.” (214)  
• “Ease of use was the primary reason to install tanks.” (224) 

Overall, formative scale development and PCAs showed that the broad theoretical construct of Experience 

presented clear statistical and semantic arguments for the two subfactors: (a) actual household 

experience of RH and (b) this experience as it is important to the RH adoption decision-making.  These 

subfactors were strongly uniform across the aggregated and Adopter conditions, but weaker in the 

Nonadopter condition.  The two subfactors explained 70.8% of the variance in responses on Experience 

items, showed strong internal consistency and significantly discriminated between Adopters and 

Nonadopters, support the inclusion of Experience as a consideration in the household decision making on 

RH adoption.   
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Governance and Regulation 

TABLE 7.20: Descriptive statistics of the Governance and Regulation scale data. 
 

Governance and Regulation Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. Because of all the extra hassles with Council regulations, we 
decided not to plumb the tank water for inside use 

10.4 
(17.9) 

22.7 
(28.4) 

33.1 
(24.2) 

20.8 
(26.3) 

13.0 
(3.2) 

3.03 
(2.68) 

1.17 
(1.14) 

2. Councils and State Government over-regulate the conditions 
for rainwater tank installation ® 

3.9 
(0.9) 

20.0 
(14.9) 

30.3 
(33.0) 

29.7 
(27.7) 

16.1 
(23.4) 

3.34 
(3.57) 

1.09 
(1.04) 

3. Current levels of regulation of household RH are acceptable 
and necessary 

11.0 
(6.4) 

31.8 
(26.6) 

37.0 
(42.6) 

16.2 
(14.9) 

3.9 
(9.6) 

2.70 
(2.95) 

1.00 
(1.03) 

4. Installing a RH system is a sensible condition of all new 
buildings and alterations 

44.5 
(35.5) 

51.0 
(58.1) 

1.9 
(3.2) 

2.6 
(3.2) 

0.0 
(0.0) 

1.63 
(1.74) 

0.66 
(0.67) 

5. Overall, the incentive of tank rebates outweighs any issues of 
compliance with Council inspection or regulation 

11.7 
(5.3) 

37.7 
(33.0) 

32.5 
(39.4) 

11.7 
(13.8) 

6.5 
(8.5) 

2.64 
(2.87) 

1.05 
(1.01) 

6. Rainwater tanks should be made compulsory on all existing 
homes in South East Queensland 

24.5 
(13.7) 

29.7 
(31.6) 

18.7 
(20.0) 

22.6 
(24.2) 

4.5 
(10.5) 

2.53 
(2.86) 

1.21 
(1.23) 

7. The Council rebate was an important part of our household 
decision to get a rainwater tank 

16.7 
(23.2) 

23.7 
(45.3) 

23.7 
(13.7) 

19.9 
(14.7) 

16.0 
(3.2) 

2.95 
(2.29) 

1.32 
(1.08) 

8. The hassle of complying with Council regulations discouraged 
us from installing a tank 

3.9 
(10.5) 

5.9 
(12.6) 

26.8 
(37.9) 

42.5 
(33.7) 

20.9 
(5.3) 

3.71 
(3.11) 

0.99 
(1.05) 

9. The State Government rebate was an important part of our 
household decision to get a rainwater tank 

18.2 
(25.3) 

24.7 
(42.1) 

24.0 
(14.7) 

21.4 
(15.8) 

11.7 
(2.1) 

2.84 
(2.27) 

1.28 
(1.08) 

10. We need rules to make households that install tanks minimise 
risks to community health (e.g. breeding mosquitoes) 

27.3 
(34.0) 

46.1 
(52.1) 

14.9 
(6.4) 

7.8 
(4.3) 

3.9 
(3.2) 

2.15 
(1.90) 

1.03 
(0.93) 

11. We would only consider using pro-environmental technologies 
when they are subsidised by Government 

7.8 
(9.8) 

15.0 
(33.7) 

38.6 
(23.9) 

30.1 
(28.3) 

8.5 
(4.3) 

3.16 
(2.84) 

1.04 
(1.08) 

12. Without the Council/Government rebates we would not have 
installed a tank 

6.5 
(17.0) 

12.9 
(21.3) 

22.6 
(18.1) 

34.2 
(34.0) 

23.9 
(9.6) 

3.56 
(2.98) 

1.18 
(1.28) 

13. Considering all elements in their overall impact, Council or State 
Government policies were a strong positive influence on our 
household decision to install a RH system. 

11.9 
(12.0) 

23.1 
(40.0) 

31.3 
(24.0) 

17.2 
(18.7) 

16.4 
(5.3) 

3.03 
(2.65) 

1.24 
(1.08) 

® = Reversed for scoring 

TABLE 7.20 summarises descriptive data for all of the Items proposed in the Governance and Regulation 

scale.  A one way ANOVA run on the summary item (Item 13) for Governance and Regulation revealed a 

significant difference between Adopters and Nonadopters in the overall impact of perceptions of 

governance and regulation issues on the RH adoption decision (F (1, 207) = 4.818, p< 0.029).   Mean 

comparison shows that Nonadopters rated governance and regulation issues as a stronger influence on 

their decision making than the Adopters did.   

Further one way ANOVAs yielded significant differences between Adopters and Nonadopters for Item 1 (F 

(1, 247) = 5.280, p = 0.022); Item 6 (F (1, 248) = 4.409, p < 0.037); Item 7 (F (1, 249) = 16.489, p < 0.000); 

Item 8 (F (1, 246) = 20.581, p < 0.000); Item 9 (F (1, 247) = 12.828, p < 0.000); Item 11 (F (1, 243) = 
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5.480, p = 0.020) and Item 12 (F (1, 247) = 13.471, p < 0.000).  Mean comparison shows that 

Nonadopters rated governance and regulation issues as a stronger influence on their decision making 

than the Adopters did for all significant Items except Item 6: ‘Rainwater tanks should be made compulsory 

on all existing homes in South East Queensland’.  Again, almost uniformly the reverse of what might be 

anticipated and ostensibly consistent with the Adlerian compensation argument.  However, if the purpose of 

Government/Council RH installation rebates is considered to motivate households that otherwise would not 

have considered installing a RH system, then the value of this policy is clearly evident from this initial analysis 

- as is the deterrent effect of compliance with Council RH system regulations on these households. 

Cronbach’s alpha was calculated for the thirteen items proposed in the Governance and Regulation scale.  

With Adopters and Nonadopters aggregated, α = 0.706.  Using the Spearman-Brown coefficient, α = 

0.680, showing quite similar variances across items.  In the aggregated form, there were no significant 

benefits obtainable through Item deletion.  Disaggregated, Cronbach’s α = 0.683 for Adopters, and for 

Nonadopters, Cronbach’s α = 0.755.  By convention, these correlation coefficients are adequate.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, four subfactors with eigenvalues >1 converged in six iterations, 

accounting for 61.2% of the variance. The subfactors, respectively, are (a) rebates are a strong positive 

incentive to install RH systems (26.0%, α = 0.821), (b) that compliance regulations are inhibitive but 

important (15.7%, α = 0.557), (c) that current levels of regulation are appropriate (10.2%, α = 0.611) and 

(d) existing support for mandated RH adoption (9.3%, α = 0.425).   

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

five subfactors with eigenvalues >1 converged in five iterations, accounting for 67.9% of the variance.  The 

subfactors for Adopters, respectively, are (a) rebates are a strong positive incentive to install RH systems 

(26.2%, α = 0.840), (b) current levels of regulation are appropriate (14.6%, α = 0.606), (c) existing support 

for mandated RH adoption (10.3%, α = 0.483), (d) that rebates are integral in overcoming hassle of 

regulation (8.9%, α = 0.368) and (e) regulation for effective use of tanks (7.8%, α = 0.334).   
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For Nonadopters, four subfactors with eigenvalues >1 converged in five iterations, accounting for 66.0% of 

the variance.  The subfactors for Nonadopters, respectively, are: (a) rebates are a strong positive incentive 

to install RH systems (28.2%, α = 0.827), (b) that compliance and regulation hassles discourage adoption 

(16.8%, α = 0.656), (c) that current levels of regulation are appropriate (11.8%, α = 0.601) and (d) existing 

support for mandated RH adoption (9.1%, α = 0.300).   

The subfactor ‘Rebates are a strong positive incentive to install RH’ is the most significant in its loading.  

The most significant loadings on this subfactor are obtained from Items 7, 9, 12 and 13 in the case of both 

the Adopters and Nonadopters.  The fifth item in each scale is unique (Item 5 for Adopters versus Item 11 

for Nonadopters). With the unique items removed from each scale, a one way ANOVA run on the first 

subfactor ‘Support for mandated RH adoption’ revealed a significant difference between Adopters and 

Nonadopters (F (1, 206) = 11.487, p= 0.001).  Mean comparison shows that Nonadopters rated the 

rebates as a stronger positive influence on their decision making than the Adopters did. 

Because of the larger number of small (two item) subfactors remaining, attempts were made to collapse 

the number of subfactors by forcing solutions with fewer subfactors.  Factor solutions aimed to 

demonstrate statistical and semantic clarity.  Here, prima facie opportunity for integration of subfactors 

does exist.  A multitude of approaches to principal components analysis was attempted across the three 

adoption conditions, variously attempting different solution rotations, removing individual Items, forcing 

factor extractions and so on.  At no stage did a particularly neat solution converge across any of these 

attempts.  After considerable thought, a decision was made to maximise the loading of identical subfactors 

across all the three adoption conditions by eliminating Items that were not shared by at least two of the 

adoption conditions.  In total, four subfactors were used for each adoption condition.  Whilst the scale 

alpha for the second subfactor ‘Compliance regulations are inhibitive but important’ was low for the RH 

Adopter group, the optimised solutions converged easily - in five rotations each for aggregated 

respondents, Adopter respondents and Nonadopter respondents, evidence that they are not too occult.   

A one way ANOVA run on the second subfactor ‘Compliance regulations are inhibitive but important’  
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revealed a significant difference between Adopters and Nonadopters (F (1, 240) = 17.927, p < 0.000), 

supporting that decision.  Mean comparison shows that Nonadopters reported less resistance to Council 

compliance than Adopters (perhaps for not having experienced it).  A one way ANOVA run on the third 

subfactor ‘Current levels of regulation are appropriate’ was not significant.  A one way ANOVA run on the 

fourth subfactor ‘Support for mandated RH adoption’ revealed a significant difference between Adopters 

and Nonadopters on the RH adoption decision (F (1, 246) = 5.014, p= 0.026).  Mean comparison shows 

that Adopters showed stronger support for mandated RH adoption than the Nonadopters did.   

TABLE 7.21: Subfactors in the Governance and Regulation construct. 
 
Factor: Governance and Regulation 
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Rebates are a strong positive incentive to install RH 5 (7,9,13,12,5) 2.86    (0.91) 0.821 26.0% 26.0% 
2 Compliance regulations are inhibitive but important  4 (8,1,11,10) 2.87    (0.70) 0.557 15.7% 41.7% 
3 Current levels of regulation are appropriate 2 (3,2) 2.69    (0.55) 0.611 10.2% 51.9% 
4 Support for mandated RH adoption 2 (4,6) 2.16    (0.79) 0.425   9.3% 61.2% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Rebates are a strong positive incentive to install RH 4 (7,9,13,12) 2.89    (1.02) 0.846 23.5% 23.5% 
2 Compliance regulations are inhibitive but important  4 (8,1,11,10) 2.87    (0.70) 0.557 18.1% 41.6% 
3 Current levels of regulation are appropriate 2 (3,2) 2.69    (0.55) 0.611 12.0% 53.6% 
4 Support for mandated RH adoption 2 (4,6) 2.16    (0.79) 0.425 10.0% 63.6% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Rebates are a strong positive incentive to install RH 5 (7,9,13,12,5) 2.86    (0.91) 0.840 26.2% 26.2% 
2 Current levels of regulation are appropriate 2 (2,3) 2.68    (0.55) 0.606 14.6% 40.9% 
3 Support for mandated RH adoption 2 (6,4) 2.08    (0.79) 0.483 10.3% 51.2% 
4 Rebates integral in overcoming hassle of compliance 2 (8,11) 3.43    (0.80) 0.368   8.9% 60.1% 
5 Regulation for effective use of tanks 2 (10,1) 2.59    (0.85) 0.334   7.8% 67.9% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Rebates are a strong positive incentive to install RH 4 (7,9,13,12) 2.92    (0.98) 0.846 22.9% 22.9% 
2 Compliance regulations are inhibitive but important  4 (8,1,11,10) 3.01    (0.62) 0.356 16.8% 39.7% 
3 Current levels of regulation are appropriate 2 (2,3) 2.68    (0.55) 0.606 12.1% 51.9% 
4 Support for mandated RH adoption 2 (6,4) 2.08    (0.79) 0.483 10.0% 61.8% 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Rebates are a strong positive incentive to install RH 5 (9,7,12,13,11) 2.65    (0.85) 0.827 28.2% 28.2% 
2 Compliance and regulation hassles discourage adoption 2 (1,8) 2.89    (0.94) 0.656 16.8% 45.0% 
3 Current levels of regulation are appropriate 2 (3,2) 2.69    (0.55) 0.601 11.8% 56.9% 
4 Support for mandated RH adoption 2 (6,4) 2.31    (0.76) 0.300   9.1% 66.0% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Rebates are a strong positive incentive to install RH 4 (7,9,13,12) 2.58    (0.90) 0.819 28.3% 28.3% 
2 Compliance regulations are inhibitive but important  4 (8,1,11,10) 2.63    (0.75) 0.720 18.7% 47.0% 
3 Current levels of regulation are appropriate 2 (2,3) 2.69    (0.55) 0.601 12.2% 59.2% 
4 Support for mandated RH adoption 2 (6,4) 2.31    (0.76) 0.300   9.4% 68.6% 
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Overall PCA results are summarised in TABLE 7.21.  Subfactor loadings are summarised in Appendix C7.   

Content analysis of the RH Adopters’ written responses relating to the influence of Governance and 

Regulation issues in the RH adoption decision revealed that 48.5% of Adopters specifically reported that 

the governance and regulation was not an issue in their adoption decision. 

• “Council and government incentives are and will not be considered by this household.” (45) 
• “Did not affect decision.” (203) 
• “No impact.” (212) 
• “We would have installed anyway.” (224) 

An additional 2.9% of the Adopters reported Governance and Regulation as only a marginal issue (e.g. “It 

played a marginal part in our decision” (56), or “Only a little” (71)).  For the remaining 48.6% of Adopters, 

for whom Governance and Regulation issues did influence the adoption decision, 42.4% of their 

comments concerned the general catalytic effect of Governance and Regulation on the household 

decision: 

• “Helped me to afford one now, rather than save for one over a couple of years.” (9) 
• “It put RH system at no1 on the to do list.” (23) 
• “We probably installed our tank a little earlier with the benefit of the rebate.” (155) 

 

15.2% of comments identified that Governance and Regulation incentives were a primary issue in the 

household RH adoption decision: 

• “The Council and State Government rebates allowed us to install a tank. Without these, we wouldn't have a 
tank.” (49) 

• “Availability of rebate was a major influence on the decision.” (50) 
• “Most strongly - Availability of government subsidy.” (107) 

 
13.6% of comments identified that obdurate Governance and Regulation frustrated the household RH 

adoption decision: 

• “Government seemed to use scare tactics to influence.  If tanks become compulsory we have a Big Brother 
state.” (76)  

• “Hindered it!!  BCC needs to review its policy and process on domestic water tank installations to make it 
easier for households (and grey water recycling systems).” (144) 
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• “I would have installed a capacity to use the water for drinking had I been allowed.” (246) 

12.1% of comments identified that Governance and Regulation mandates were a primary issue in the 

household RH adoption decision: 

• “We were required to install a tank with a minimum of 3kL and this was our only motivation.  We went to 3kL 
capacity because that was the minimum amount to ensure we received a rebate.” (111) 

• “Absolutely - compulsory under local government conditions.” (170) 
• “Pool regulations (final decision to install a tank).” (234)  

12.1% of comments nominated another theorised construct as more important to the adoption decision 

than governance and regulation:  

• “Incentives are a bonus, but Government consideration of using recycled water was a major factor in the 
decision to install a RH system.” (78) 

• “Incentives have improved the economics of fitting a RH system.” (219) 
• “Provide water to garden without government regulations restricting times or amounts.” (246) 

 
6.1% of comments identified that Governance and Regulation refined the RH system otherwise intended 
in the household RH adoption decision: 

• “It made the tank cheaper so we could buy a bigger tank.” (15) 
• “With the government rebates, helped me with the costs of getting the tank, pump, and concrete pad and 

plumbing.” (47) 
• “Only on the size of the tank - if there was no rebate we probably would have got a smaller tank.” (205) 

Overall, formative scale development and PCAs showed that the Governance and Regulation construct 

was comprised of four quite robust subfactors: (a) rebates are a strong positive incentive to install RH 

systems, (b) compliance regulations are inhibitive, but important, (c) current levels of regulation are 

appropriate, and (d) support for mandated RH adoption.  Three subfactors were strongly uniform across 

the aggregated, Adopter and Nonadopter conditions, with (b) ‘compliance regulations as inhibitive but 

important’ weaker in the Adopter condition.  The four subfactors explained 63.6% of the variance in 

responses on Governance and Regulation items, showed acceptable internal consistency and three of the 

four significantly discriminated between Adopters and Nonadopters.  These results support the inclusion of 

Governance and Regulation as a consideration in the household decision making on RH adoption.   
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Image 

TABLE 7.22: Descriptive statistics of the Image scale data. 
 

Image Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. It is important that this household be seen to install a tank to 
set an example to others 

7.8 
(5.3) 

20.9 
(18.1) 

28.1 
(29.8) 

30.7 
(34.0) 

12.4 
(12.8) 

3.19 
(3.31) 

1.14 
(1.08) 

2. Our household feels a sense of accomplishment or pride 
from our decision to install a tank  

16.3 
(18.3) 

35.9 
(39.8) 

26.8 
(18.3) 

13.7 
(14.0) 

7.2 
(9.7) 

2.59 
(2.57) 

1.13 
(1.22) 

3. Our rainwater system is integrated with household plumbing 
as a modern eco-design feature of our home 

6.5 
(10.0) 

5.2 
(30.0) 

28.1 
(22.2) 

43.8 
(33.3) 

16.3 
(4.4) 

3.58 
(2.92) 

1.04 
(1.10) 

4. The rainwater tank is an icon of Australian culture 16.7 
(14.9) 

46.8 
(50.0) 

21.8 
(12.8) 

9.6 
(16.0) 

5.1 
(6.4) 

2.40 
(2.49) 

1.04 
(1.12) 

5. These days, a rainwater tank is something of a status 
symbol 

2.6 
(8.8) 

13.0 
(16.5) 

34.4 
(23.1) 

35.1 
(34.1) 

14.9 
(17.6) 

3.47 
(3.35) 

0.99 
(1.21) 

6. When we have guests we often 'show off' the tank 3.9 
(6.5) 

14.3 
(12.0) 

25.3 
(25.0) 

29.9 
(31.5) 

26.6 
(25.0) 

3.61 
(3.57) 

1.14 
(1.18) 

7. How did the Image surrounding ownership of a rainwater 
tank specifically affect your decision to install a RH system 
or how it was set up?   

4.2 
(7.0) 

8.3 
(14.0) 

28.5 
(20.9) 

20.1 
(25.6) 

38.9 
(32.6) 

3.81 
(3.63) 

1.17 
(1.27) 

 

TABLE 7.22 summarises descriptive data for all of the Items proposed in the Image scale.  A one way 

ANOVA run on the summary Item for Image (Item 7) revealed no significant difference between Adopters 

and Nonadopters in the overall impact of perceptions of Image issues on the RH adoption decision (F (1, 

228) = 1.267, p< 0.261).  Further one way ANOVAs yielded significant differences between Adopters and 

Nonadopters only for Item 3 (F (1, 241) = 21.861, p < 0.000).  Mean comparison shows that Nonadopters 

preferred a RH system design that was integrated with the home as an ‘eco-design’ feature.  

Cronbach’s alpha was calculated for the seven items proposed in the Image scale.  With Adopters and 

Nonadopters aggregated, α = 0.795.  Using the Spearman-Brown stepped-up reliability coefficient, α = 

0.794, showing identical variances across items.  In the aggregated form, there were no significant 

benefits obtainable through Item deletion.  Disaggregated, Cronbach’s α = 0.779 for Adopters, and for 

Nonadopters, Cronbach’s α = 0.828. By convention, these correlation coefficients are considered good.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, a single subfactor comprised of all Items with an eigenvalue >1 

converged (unrotated), accounting for 45.9% of the variance (α = 0.795): the Image scale comprises a 

single factor.   
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For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

the same single subfactor with an eigenvalue >1 converged (unrotated), accounting for 44.0% of the 

variance (α = 0.779).  For Nonadopters, the same single subfactor with an eigenvalue >1 converged 

(unrotated), accounting for 44.0% of the variance (α = 0.828).   

Overall PCA results are summarised in TABLE 7.23.  Subfactor loadings are summarised in Appendix C8.   

TABLE 7.23: Subfactors in the Image scale construct. 
 
Factor: Experience 
 

All respondents    Variance 
 Subfactors derived by PCA Items scale mean (δ)   α % Σ % 

1 Image associated with RH adoption all 3.19    (0.75) 0.795 45.9% 45.9% 
 

Adopters    Variance 
 Subfactors derived by PCA Items scale mean (δ)   α % Σ % 

1 Image associated with RH adoption all 3.21    (0.71) 0.779 44.0% 44.0% 
 

Nonadopters    Variance 
 Subfactor derived by PCA Items scale mean (δ)   α % Σ % 

1 Image associated with RH adoption all 3.15    (0.80) 0.828 50.0% 50.0% 

Content analysis of the RH Adopters’ written responses relating to the influence of image issues in the RH 

adoption decision revealed that 75.6% of Adopters specifically reported that image was not an issue in 

their adoption decision. 

• “None whatsoever.” (62) 
• “We didn't know there was an image surrounding tank ownership.” (93) 
• “Family and friends mostly come from properties that have tanks, so it's normal to have a tank.” (249) 

4.6% of comments nominated another theorised construct as more important to the adoption decision than 

image:  

• “It didn't - plants and garden dictated our decision.” (70) 
• “I would prefer not to have a tank - however the fact that we needed it for the pool was the deciding factor.” 

(32) 
• “Apart from making sure the colour and design suited our home we didn't give image a thought.” (202) 

For the remaining 19.0% of Adopters, for whom image issues did influence the adoption decision, 76.9% 

of their comments concerned the general catalytic effect of image on the household decision: 

• “Our neighbours know we own a pool, so I suppose it was important for us to be seen as responsible.” (39) 
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•  “We wanted to be seen to be doing the 'right thing' by installing a tank during the drought.  However image 
was not the deciding factor.” (49) 

• “We love our tank and want all of our friends to see it and to know that we have one.” (59) 

16.7% of these comments identified that they were not initially cognisant of image, but recognised its 

influence after adoption: 

• “While it did not impact on our initial decision it feels good to have the tank installed.” (105) 
• “Not at all - but after I moved in and experienced the reaction of friends I feel like others created this sense of 

image.” (110) 
• “At the time (2002) they were not the norm, hence were somewhat of a talking point.  Most people seemed 

impressed that we did it and considered that they should also install one.” (119) 

4.2% of these Adopters reported image effects as only a marginal issue (e.g. “Just a little” (17)).  Though 

approaching a borderline with compatibility, 4.2% of these comments conversely identified that image was 

a primary issue in the household RH adoption decision: 

• “Image was important. It is a feature of the back yard.” (146) 

Overall, formative scale development and PCAs showed that the broad theoretical construct of Image 

presented no opportunity for reduction.  The Image scale explained 45.9% of the variance in responses on 

Image items, showed strong internal consistency statistically and reflected aspects of retrospective 

validation or post-purchase marketing.  When an object (the RH system) is valued in this way, Inman, Dyer 

and Jia (1997) found that the regret experienced by not making a purchase decision is felt more keenly 

than the satisfaction obtained when a purchase was made. This suggests that households which have not 

adopted a RH system, and who come to learn of the efficacy of other RH installations, may then be 

influenced by that knowledge to adopt a RH system.  These results support the inclusion of Image as a 

consideration in the household decision making on RH adoption.   
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Independence 

TABLE 7.24: Descriptive statistics of the Independence scale data. 
 

Independence Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. Ensuring our access to water during mains restrictions was 
an important part of the decision to get a tank 

38.0 
(34.0) 

29.3 
(48.9) 

16.7 
(13.8) 

10.0 
(2.1) 

6.0 
(1.1) 

2.17 
(1.87) 

1.21 
(0.81) 

2. Government plans to recycle water were a motivating factor 
in this household's decision to install a tank 

8.7 
(24.2) 

13.3 
(23.2) 

29.3 
(18.9) 

27.3 
(29.5) 

21.3 
(4.2) 

3.39 
(2.66) 

1.21 
(1.25) 

3. It is important for members of this household to drink water 
free of chemical additives like chlorine 

16.7 
(22.6) 

19.3 
(31.2) 

28.7 
(22.6) 

24.0 
(22.6) 

11.3 
(1.1) 

2.94 
(2.48) 

1.25 
(1.11) 

4. Our household feels no need to take steps to have access to a 
separate supply of water during mains restrictions ® 

22.3 
(17.6) 

35.1 
(45.1) 

23.6 
(16.5) 

10.8 
(15.4) 

8.1 
(5.5) 

2.47 
(2.46) 

1.19 
(1.12) 

5. Our household should be able to use all the mains water we 
want 

4.7 
(5.4) 

6.7 
(15.1) 

16.8 
(7.5) 

30.9 
(41.9) 

40.9 
(30.1) 

3.97 
(3.76) 

1.13 
(1.19) 

6. Residents of modern cities should be able to use all the 
mains water we want 

6.0 
(4.3) 

7.3 
(12.0) 

7.3 
(7.6) 

29.3 
(41.3) 

50.0 
(34.8) 

4.1 
(3.90) 

1.19 
(1.14) 

7. The extra water supplied by the tank allow us to relax about 
always watching household water consumption 

10.0 
(12.9) 

22.0 
(26.9) 

8.7 
(12.9) 

42.7 
(36.6) 

16.7 
(10.8) 

3.34 
(3.05) 

1.27 
(1.26) 

8. We can no longer rely solely on the mains supply to use 
when and where we want it 

34.2 
(35.9) 

46.3 
(43.5) 

12.1 
(7.6) 

6.7 
(8.7) 

0.7 
(4.3) 

1.93 
(2.02) 

0.89 
(1.09) 

9. We have, on occasion, ignored water restrictions for our 
household or garden needs 

2.0 
(5.3) 

8.7 
(6.4) 

7.4 
(3.2) 

34.9 
(45.7) 

47.0 
(39.4) 

4.16 
(4.07) 

1.03 
(1.08) 

10. We use a filter on mains water to remove chlorine before 
drinking 

12.8 
(15.1) 

14.9 
(16.1) 

14.9 
(11.8) 

37.2 
(37.6) 

20.3 
(19.4) 

3.37 
(3.30) 

1.31 
(1.36) 

11. We wanted to install a tank to have more control over the 
water we need 

32.0 
(26.6) 

39.3 
(52.1) 

17.3 
(10.6) 

6.0 
(8.5) 

5.3 
(2.1) 

2.13 
(2.07) 

1.10 
(0.95) 

12. Overall, our preference for maintaining control over an 
Independent water supply was a strong positive influence 
on our household decision to install a RH system 

26.8 
(25.8) 

41.5 
(44.9) 

19.7 
(20.2) 

7.7 
(7.9) 

4.2 
(1.1) 

2.21 
(2.13) 

1.06 
(0.93) 

 

TABLE 7.24 summarises descriptive data for all of the Items proposed in the Independence scale.  A one 

way ANOVA run on the summary Item for Independence (Item 12) revealed no significant difference 

between Adopters and Nonadopters in the overall impact of perceptions of independence issues on the 

RH adoption decision (F (1, 229) = 0.313, p< 0.577).    Further, one way ANOVAs yielded significant 

differences between Adopters and Nonadopters for Item 1 (F (1, 242) = 4.337, p = 0.038), Item 2 (F (1, 

243) = 20.664, p < 0.000), Item 3 (F (1, 241) = 8.327, p = 0.004) and Item 7 (F (1, 241) = 2.934, p = 

0.088).  Mean comparisons for Items 1, 2, 3 and 7 respectively show that Nonadopters felt the impact of 

water restrictions more keenly than Nonadopters, that Nonadopters were more strongly influenced to 

adoption by the Queensland Government decision to introduce purified recycled water into the mains 

supply, that Nonadopters were more strongly motivated by the opportunity to eliminate chemicals such as 
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chlorine from the household water supply, and that Nonadopters, more than Adopters, believed the water 

supplied by the tank would allow relaxation on household water consumption.   

Cronbach’s alpha was calculated for the twelve items proposed in the Independence scale.  With Adopters 

and Nonadopters aggregated, α = 0.595.  Using the Spearman-Brown coefficient, α = 0.598, showing 

quite similar variances across items.  In the aggregated form, there were no significant benefits obtainable 

through Item deletion.  Disaggregated, Cronbach’s α = 0.582 for Adopters, and for Nonadopters, 

Cronbach’s α = 0.587.  By convention, these correlation coefficients are considered sub-adequate.  

However, since this construct was only developed through reflection on the pilot study data, it may simply 

be the case that the items do not form a useful single scale because they are not measuring the same 

thing.  It is considered that this is what has occurred in this instance.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, four subfactors with eigenvalues >1 converged in six rotations, 

accounting for 59.9% of the variance.  The Independence scale comprises multiple subfactors, 

respectively, that (a) RH provides control and independence of supply (20.9%, α = 0.721), (b) We should 

be able to consume all that we want (19.0%, α = 0.727), (c) We want water that is ‘natural’ – no artificial 

influence (11.4%, α = 0.507 and (d) We will disregard restrictions (8.5%).  Cronbach’s alpha was 

incalculable for this last subscale, because of negative average covariance between the two items, which 

violates the model assumptions and indicates development of this subfactor as a scale is potentially 

flawed.  Item coding errors were rechecked and ruled out.  A second possibility is that while the true 

population covariances among items are positive, sampling error has produced a negative average 

covariance in a given sample of cases. However, this is unlikely with the sample size.  Finally, it may 

simply be the case that the items do not truly have positive covariances, and therefore may not form a 

useful single scale because they are not measuring the same thing.  It is considered that this is what has 

occurred in this instance, and confirmed in the disaggregated PCAs.   

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters,  
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four subfactors with eigenvalues >1 converged in five iterations, accounting for 59.3% of the variance.  

The subfactors, respectively, are (a) that RH provides control and independence of supply (21.8%, α = 

0.765), (b) We should be able to consume all that we want (18.1%, α = 0.719), (c) We want water that is 

‘natural’ – no artificial influence (11.1%, α = 0.533 and (d) We will disregard restrictions (8.4%, single item).   

For Nonadopters, four subfactors with eigenvalues >1 converged in eight iterations, accounting for 66.7% 

of the variance.  Respectively, these subfactors are: (a) that RH provides control and independence of 

supply (24.7%, α = 0.748), (b) We should be able to consume all that we want (19.5%, α = 0.729), (c) We 

want water that is ‘natural’ – no artificial influence (13.1%, α = 0.587 and (d) We will disregard restrictions 

(9.4%, single item).   

A decision was made to proceed with four subscales.  The first subscale considers that RH provides 

control and independence of supply and comprises Item 1, 8, 11 and 12.  The second considers whether 

the household believes they should be able to consume all the water that they want and comprises Item 5, 

6 and 7.  The third comprises Item 2 and 3 and considers the household preference for water that is 

‘natural’, with no artificial influence, whilst the fourth comprises a single Item – 9 – and references 

household observance of water restrictions.   

Overall PCA results are summarised in TABLE 7.25.  Subfactor loadings are summarised in Appendix C9.   

Overall, formative scale development and PCAs showed that the Independence construct was comprised 

of four reasonably robust subfactors: (a) RH provides control and independence of supply, (b) We should 

be able to consume all that we want, (c) We want water that is ‘natural’ – no artificial influence, and (d) We 

will disregard restrictions.  The subfactors were strongly uniform across the aggregated, Adopter and 

Nonadopter conditions.  They explained 59.3% of the variance in responses on Independence items, 

showed acceptable internal consistency and three of the four significantly discriminated between Adopters 

and Nonadopters.  These results support the inclusion of Independence as a consideration in the 

household decision making on RH adoption.   



 335 of 457 

TABLE 7.25: Subfactors in the Independence construct. 

Factor: Independence 
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 RH provides control and independence of supply  4 (11,12,1,8) 2.08    (0.75) 0.721 20.9% 20.9% 
2 We should be able to consume all that we want 2 (6,5,7) 3.73    (0.96) 0.727 19.0% 39.9% 
3 We want water that is ‘natural’ – no artificial influence 2 (3,2) 2.95    (1.02) 0.507 11.4% 51.3% 
4 We will disregard restrictions 2 (9,4) 3.30    (0.76) nc1   8.5% 59.9% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 RH provides control and independence of supply  4 (11,12,1,8) 2.08    (0.75) 0.721 20.9% 20.9% 
2 We should be able to consume all that we want 2 (6,5,7) 3.73    (0.96) 0.727 19.0% 39.9% 
3 We want water that is ‘natural’ – no artificial influence 2 (3,2) 2.95    (1.02) 0.507 11.4% 51.3% 
4 We will disregard restrictions 1 (9) 4.13    (1.05)  nc  nc  nc 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 RH provides control and independence of supply  3 (11,12,1) 2.16    (0.93) 0.765 21.8% 21.8% 
2 We should be able to consume all that we want 3 (5,6,7) 3.82    (0.95) 0.719 18.1% 39.9% 
3 We want water that is ‘natural’ – no artificial influence 3 (3,10,2) 3.25    (0.90) 0.533 11.1% 51.0% 
4 We will disregard restrictions 1 (9) 4.16    (1.03) nc   8.4% 59.3% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 RH provides control and independence of supply  4 (11,12,1,8) 2.10    (0.79) 0.722  nc  nc 
2 We should be able to consume all that we want 2 (6,5,7) 3.82    (0.95) 0.719  nc  nc 
3 We want water that is ‘natural’ – no artificial influence 2 (3,2) 3.18    (0.96) 0.385  nc  nc 
4 We will disregard restrictions 1 (9) 4.16    (1.03) nc  nc  nc 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 RH provides control and independence of supply  5 (11,1,4,12,8) 2.11    (0.67) 0.748 24.7% 24.7% 
2 We should be able to consume all that we want 3 (6,5,7) 3.58    (0.96) 0.729 19.5% 44.2% 
3 We want water that is ‘natural’ – no artificial influence 2 (2,3) 2.58    (1.00) 0.587 13.1% 57.3% 
4 We will disregard restrictions 1 (9) 4.07    (1.08) nc   9.4% 66.7% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 RH provides control and independence of supply  4 (11,12,1,8) 2.04    (0.68) 0.727  nc  nc 
2 We should be able to consume all that we want 2 (6,5,7) 3.58    (0.96) 0.729  nc  nc 
3 We want water that is ‘natural’ – no artificial influence 2 (3,2) 2.58    (1.00) 0.587  nc  nc 
4 We will disregard restrictions 1 (9) 4.07    (1.08) nc  nc  nc 

 

Content analysis of the RH Adopters’ written responses relating to the influence of governance and 

regulation issues in the RH adoption decision revealed that 24.7% of Adopters specifically reported that 

independence was not an issue in their adoption decision. 

• “Not applicable - renting.” (95) 
• “Already here.” (134) 
• “No mains supply.” (178) 

Less than 0.7% of commentary nominated another theorised construct as more important to the adoption 

decision than independence:  
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•  “Independence was a minor consideration - the major one was to make use of a wasted resource.” (117) 

For the remaining 74.6% of Adopters, for whom independence issues did influence the adoption decision, 

1.7% of the Adopters reported independence as only a marginal issue (e.g. “Very little”(53), or “To a small 

extent - mainly during water restrictions” (71)), whilst 17.8% of comments identified that independence was 

a primary issue in the household RH adoption decision: 

• “High impact due to current water restrictions in mains supply.” (105) 
• “This was the main reason.” (212) 
• “Independence was a very strong factor and the reason we didn't claim the rebate.” (147) 

62.9% of their comments addressed independence in the sense of operational freedoms consequently 

available to the household through the RH adoption decision: 

• “Independence and choice to maintain garden (on which we had spent thousands) was a major factor in 
installing tanks.” (78) 

• “We wanted to top up the pool when it suited us - not the Council.” (109) 
• “We are free to use rainwater when we want, that is important.” (122) 

11.4% of their comments addressed independence in the sense of security consequently available to the 

household through the RH adoption decision: 

• “We wanted to get a bit more security on our water consumption.” (50) 
• “Self-preservation, not independence.  A reserve water supply was the main consideration.” (120) 
• “The way dam levels are going down we may have to rely on tank water.” (247) 

Moreover, 22.2% of Adopters recognised the impact of water restrictions on the household RH adoption 

decision: 

• “It was important for us to install a tank and not feel controlled by restrictions.” (49) 
• “Once the tank is installed you don't have to worry so much about water restrictions.” (92) 
•  “Water restriction level 5 influenced our decision to install a RH system.” (203) 
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Relative Advantage 

TABLE 7.26: Descriptive statistics of the Relative Advantage scale data. 
 

Relative Advantage Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. Considering the hassle and expense involved, most 
households are better off without a rainwater tank ® 

43.7 
(28.7) 

43.7 
(46.8) 

11.3 
(13.8) 

1.3 
(8.5) 

0.0 
(2.1) 

1.70 
(2.09) 

0.72 
(0.98) 

2. Even if it takes a little extra effort, our household prefers 
rainwater to mains water 

21.6 
(14.7) 

26.1 
(26.3) 

35.9 
(36.8) 

9.2 
(18.9) 

7.2 
(3.2) 

3.46 
(3.31) 

1.14 
(1.04) 

3. Household rainwater tanks are not an answer to the water 
crisis – we need more dams ® 

13.8 
(12.6) 

18.4 
(21.1) 

17.1 
(16.8) 

19.1 
(28.4) 

31.6 
(21.1) 

3.36 
(3.24) 

1.44 
(1.34) 

4. It was difficult to sacrifice the space required by the 
rainwater tank ® 

33.3 
(24.2) 

46.4 
(42.1) 

7.8 
(9.5) 

9.2 
(15.8) 

3.3 
(8.4) 

2.03 
(2.42) 

1.04 
(1.25) 

5. Overall, installing a rainwater tank gives households 
worthwhile advantages over homes that don’t have one 

30.1 
(29.8) 

58.8 
(56.4) 

7.2 
(11.7) 

3.3 
(2.1) 

0.7 
(0.0) 

1.86 
(1.86) 

0.74 
(0.70) 

6. RH is better than an alternative community water supply like 
desalination 

21.6 
(23.2) 

32.0 
(37.9) 

22.9 
(23.2) 

18.3 
(10.5) 

5.2 
(5.3) 

2.54 
(2.37) 

1.12 
(1.11) 

7. RH is better than an alternative community water supply like 
recycled water 

30.7 
(30.5) 

27.5 
(34.7) 

21.6 
(17.9) 

15.0 
(15.8) 

5.2 
(1.1) 

2.37 
(2.22) 

1.12 
(1.08) 

8. RH is better than an alternative household water supply like a 
bore 

19.0 
(16.8) 

30.7 
(46.3) 

25.5 
(15.8) 

20.9 
(17.9) 

3.9 
(3.2) 

2.60 
(2.44) 

1.13 
(1.07) 

9. RH is better than an alternative household water supply like a 
condenser 

14.5 
(18.3) 

25.7 
(34.4) 

51.3 
(36.6) 

7.9 
(9.7) 

0.7 
(1.1) 

2.55 
(2.41) 

0.86 
(0.94) 

10. RH is better than an alternative household water supply like a 
greywater recycling system 

21.4 
(16.8) 

35.1 
(40.0) 

27.9 
(23.2) 

13.0 
(13.7) 

2.6 
(6.3) 

2.40 
(2.53) 

1.04 
(1.12) 

11. Overall, the Relative Advantages of using rain water from a 
tank were a strong positive influence on our household 
decision to install a RH system 

30.7 
(28.4) 

50.0 
(56.8) 

18.6 
(14.8) 

0.7 
(0.0) 

0.0 
(0.0) 

1.89 
(1.86) 

0.72 
(0.65) 

 

TABLE 7.26 summarises descriptive data for all of the Items proposed in the Relative Advantage scale.  A 

one way ANOVA run on the summary Item for Relative Advantage (Item 11) revealed no significant 

difference between Adopters and Nonadopters in the overall impact of perceptions of Relative Advantage 

issues on the RH adoption decision (F (1, 226) = 0.097, p< 0.756).   Further one way ANOVAs run on the 

Relative Advantage scale Items revealed significant differences between Adopters and Nonadopters for 

Item 1 (F (1, 243) = 12.380, p< 0.001) and Item 4 (F (1, 246) = 7.229, p< 0.008).  Mean comparisons 

respectively show that Nonadopters rated the overall hassle and expense and the sacrifice of yard space 

as greater inhibitors of household adoption than the Adopters did.   

Cronbach’s alpha was calculated for the eleven items proposed in the Relative Advantage scale.  With 

Adopters and Nonadopters aggregated, α = 0.776.  Using the Spearman-Brown coefficient, α = 0.782, 

showing quite similar variances across items.  In the aggregated form, there were no significant benefits 
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obtainable through Item deletion.  Disaggregated, Cronbach’s α = 0.769 for Adopters, and for 

Nonadopters, Cronbach’s α = 0.797.  By convention, these correlation coefficients are considered good.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, four subfactors with eigenvalues >1 converged in five rotations, 

accounting for 66.3% of the variance.  The Relative Advantage scale comprises multiple subfactors, 

respectively: (a) RH versus alternative water supply technologies (33.2%, α = 0.819), (b) globalised 

advantages of RH (14.5%, α = 0.634), (c) RH outweighs commonly cited disadvantages (9.5%, α = 0.460) 

and (d) RH can’t replace the need for dams (9.2%, single item).  

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

four subfactors with eigenvalues >1 converged in five iterations, accounting for 66.1% of the variance.  

The subfactors, respectively, are (a) RH versus alternative water supply technologies (33.1%, α = 0.842), 

(b) RH outweighs disadvantages of hassle and cost (14.2%, α = 0.466), (c) RH can’t replace the need for 

dams (9.6%, single item) and (d) RH outweighs space (9.1%, single item).  

For Nonadopters, three subfactors with eigenvalues >1 converged in four iterations, accounting for 66.7% 

of the variance.  Respectively, these subfactors are: accounting for 59.9% of the variance.  The 

subfactors, respectively, are: (a) RH versus alternative water supply technologies (34.7%, α = 0.735), (b) 

Unspecified/globalised advantages of RH (15.4%, α = 0.688), and (c) RH versus alternative water supply 

technologies (9.8%, α = 0.629).   

The asynchronicity of subfactors across the adoption conditions presented challenges to the optimisation 

required for the Discriminant Function Analyses.  A variety of forced solutions were attempted.  After 

considerable deliberation and reflection, a decision was made to proceed with two subscales.  For each of 

the Adopter, Nonadopter and combined conditions the two subfactor solution converged in three rotations, 

accounting for 50.1%, 47.3% and 47.7% of the variance respectively. While this represents a drop in the 

total variance explained, the cross-condition synchronicity and the fewer rotations required to achieve the 
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solution in each condition are regarded as appropriate compensation for proceeding to the DFA with these 

subfactors.  The first comprises Items 6, 7, 8, 9 and 10 and reflects RH versus alternative water supply 

technologies.  While Item 3 also relates to an alternative water supply to RH (we need more dams), it 

clearly did not load on this subfactor for any of the conditions. The second comprises Items 1, 2, 4, 5 and 

11 and reflects globalised advantages of RH including the primary inhibitors of cost and space identified in 

ABS 4602.0 (which are reversed, here).   

Overall PCA results are summarised in TABLE 7.27.  Subfactor loadings are summarised in Appendix C10.   

TABLE 7.27: Subfactors in the Relative Advantage construct. 
 
Factor: Relative Advantage 
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 RH versus alternative water supply technologies 5 (10,7,9,8,6) 2.46    (0.82) 0.819 33.2% 33.2% 
2 Globalised advantages of RH 3 (5,11,2) 2.13    (0.65) 0.634 14.5% 47.7% 
3 RH outweighs commonly cited disadvantages 2 (4,1) 2.01    (0.80) 0.460   9.5% 57.2% 
4 RH can’t replace the need for dams 1 (3) 3.00    (1.00) nc   9.2% 66.3% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 RH versus alternative water supply technologies 5 (10,7,9,8,6) 2.50    (0.85) 0.819 27.6% 27.6% 
2 Globalised advantages of RH 5 (1,2,4,5,11) 2.09    (0.57) 0.613 20.1% 47.7% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 RH versus alternative water supply technologies 5 (10,7,8,6,9) 2.50    (0.85) 0.842 33.1% 33.1% 
2 RH outweighs disadvantages of hassle and cost 3 (5,1,2) 2.11    (0.64) 0.466 14.2% 47.3% 
3 RH can’t replace the need for dams 1 (3) 3.36    (1.44) nc   9.6% 57.0% 
4 RH outweighs space 1 (4) 2.03    (1.04) nc   9.1% 66.1% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 RH versus alternative water supply technologies 5 (10,7,8,6,9) 2.46    (0.82) 0.842 25.7% 25.7% 
2 Globalised advantages of RH 5 (1,2,4,5,11) 2.00    (0.51) 0.532 24.4% 50.1% 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 RH versus alternative water supply technologies 3 (9,10,7) 2.40    (0.85) 0.735 34.7% 34.7% 
2 Globalised advantages of RH 5 (1,11,5,4,2) 2.22    (0.63) 0.688 15.4% 50.1% 
3 RH versus alternative water supply technologies 3 (3,8,6) 2.67    (0.89) 0.629   9.8% 59.9% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 RH versus alternative water supply technologies 6 (6,7,8,9,10) 2.54    (0.73) 0.774 28.5% 28.5% 
2 Globalised advantages of RH 5 (1,2,4,5,11) 2.22    (0.63) 0.688 18.8% 47.3% 

Content analysis of the RH Adopters’ written responses relating to the influence of relative advantage 

issues in the RH adoption decision revealed that 20.3% of Adopters specifically reported that the relative 

advantages of RH were not an issue in their adoption decision. 
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•  “Not at all - compulsory under local government conditions.” (170) 
• “Already here.” (199)  
• “Not applicable - renting.” (203) 

For the remaining 79.7% of Adopters, for whom relative advantage issues did influence the adoption 

decision, fewer than 0.8% of the Adopters reported relative advantage as the primary issue, and none 

reported it as a marginal issue. 

Whereas relative advantage as it is operationalised in this research addresses advantages of RH versus 

other water supply sources, 52.0% of the comments made by Adopters reported an issue beyond the 

operationalisation of relative advantage, instead considering advantage in its ‘ordinary usage’. Of these, 

the three main subgroups were 66.1% concerned with temporal and spatial issues (previously 

operationalised in ease of use): 

• “Able to water garden and refill pool as needed.” (117) 
• “To water the garden when we wanted was a big advantage.” (237) 
• “We can use water whenever we wish.” (240) 

Followed by 13.2% concerned with security of the household water supply (previously operationalised in 

independence):  

• “A reserve water supply was the main consideration.” (120) 
• “Again, the security of having water for emergency.” (125) 
• “Not running out of water.” (216) 

And 11.3% concerned with reducing impact on the mains supply (previously operationalised in the 

Environment construct): 

•  “To keep the garden going and not waste town water as much.” (15) 
• “Helping to save water usage.” (45) 
• “Less use of water from the mains supply.” (121) 

This leaves 47.1% of comments that identified that relative advantage issues in a manner consistent with 

the operationalisation of the construct.  31.4% concerned the aesthetic and physical quality of rainwater: 

• “Better tasting, softer water.” (135) 
• “You can use the water for all household needs without the need for treatment.” (183) 
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• “We prefer to drink chemical free water.” (190) 

16.7% of comments identified issues of cost and economy in the relative advantage context: 

• “Cost because of rebates - because we would never do the alternatives.” (39) 
• “Cleaner water at a lesser cost.” (140) 
• “Rainwater tanks more cost effective than other systems.” (209) 

20.8% of comments identified that RH was superior to recycled water supply options: 

• “Cleaner than recycled water.” (70) 
• “So we don't have to pay the Council for recycled shit.” (71) 
• “Incentives are a bonus, but Government consideration of using recycled water was a major factor in the 

decision to install a RH system.” (78) 

16.7% of comments that RH was superior to dams:  

•  “RH is preferred over many alternatives, especially bores and dams.” (60)  
• “Independence from mains system, but recycling is preferable to dams or desalination.” (77) 

16.7% of comments that RH was superior to desalination:  

• “It will take too long for desalination or recycling.” (25)  
• “Installing a tank was less complex, less expensive and less damaging on the environment versus the other 

water sources.” (49)  

10.4% of comments identified that RH was superior to grey water systems: 

• “Other sources are not practical here.  Grey water cannot always be used where it is needed.” (165) 
• “No phosphates.” (222) 

Overall, formative scale development and PCAs showed that responses to the Relative Advantage 

construct varied substantially across the adoption conditions and two subfactors were forced as a solution.  

Though forced, the subfactors were quite uniform across the aggregated, Adopter and Nonadopter 

conditions.  They explained 47.1% of the variance in responses on Relative Advantage items, showed 

acceptable internal consistency and support the inclusion of Relative Advantage as a consideration in the 

household decision making on RH adoption.   
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System sophistication 

TABLE 7.28: Descriptive statistics of the System Sophistication scale data. 
 

System Sophistication Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. Filters and sterilisation are essential to ensure rainwater is 
safe to drink  

31.6 
(34.0) 

35.5 
(30.9) 

11.6 
(5.3) 

15.5 
(25.5) 

5.8 
(4.3) 

2.28 
(2.35) 

1.23 
(1.30) 

2. Once you get a tank, it requires little extra effort to integrate 
the rainwater tank with plumbing inside the home 

13.1 
(8.7) 

22.2 
(31.5) 

24.8 
(20.7) 

28.1 
(28.3) 

11.8 
(10.9) 

3.03 
(3.01) 

1.23 
(1.18) 

3. Our rainwater system includes a pump to ensure wider 
possible use be made of the harvested rainwater 

36.6 
(23.7) 

33.3 
(50.5) 

15.0 
(15.1) 

10.5 
(8.6) 

4.6 
(2.2) 

2.13 
(2.15) 

1.16 
(0.96) 

4. Our rainwater system includes filtration to ensure wider 
possible use be made of the harvested rainwater 

12.0 
(18.3) 

20.7 
(44.1) 

34.7 
(21.5) 

24.0 
(16.1) 

8.7 
(0.0) 

2.97 
(2.35) 

1.13 
(0.96) 

5. Our rainwater system includes sterilisation to ensure wider 
possible use be made of the harvested rainwater 

1.3 
(10.9) 

6.7 
(23.9) 

41.3 
(28.3) 

36.4 
(31.5) 

14.7 
(5.4) 

3.56 
(2.97) 

0.87 
(1.10) 

6. So-called ‘lower order’ uses of rainwater (e.g. garden 
watering) are quite sufficient for our household’s needs 

22.5 
(9.9) 

43.0 
(42.9) 

17.2 
(18.7) 

10.6 
(19.8) 

6.6 
(8.8) 

1.36 
(1.75) 

1.14 
(1.15) 

7. Technologies like filtration and sterilisation are not necessary 
for our household’s use of rainwater 

14.6 
(13.2) 

49.0 
(36.3) 

14.6 
(17.6) 

12.6 
(25.3) 

9.3 
(7.7) 

1.53 
(1.78) 

1.16 
(1.19) 

8. We selected appropriate technologies to overcome any 
potential health issues with rain tanks 

10.1 
(27.2) 

25.5 
(56.5) 

40.9 
(10.9) 

16.8 
(3.3) 

6.7 
(2.2) 

2.85 
(1.97) 

1.04 
(0.85) 

9. Overall, getting the right level of Sophistication of the RH 
system was a strong positive influence on our household 
decision to install a RH system 

7.4 
(10.8) 

13.1 
(44.6) 

44.3 
(22.9) 

22.1 
(18.1) 

13.1 
(3.6) 

3.20 
(2.59) 

1.07 
(1.02) 

 

TABLE 7.28 summarises descriptive data for all of the Items proposed in the System Sophistication scale. 

A one way ANOVA run on the summary item for System sophistication (Item 9) revealed a significant 

difference in the overall impact of desired system sophistication between Adopters and Nonadopters on 

the RH adoption decision (F (1, 203) = 16.910, p < 0.000).  Mean comparison shows that Nonadopters 

rated appropriate system sophistication as a stronger positive influence on their decision making than the 

Adopters did.  One way ANOVAs yielded significant differences between Adopters and Nonadopters for 

Item 4 (F (1,243) = 16.669, p < 0.000); Item 5 (F (1,241) = 21.808, p < 0.000); Item 6 (F (1,242) = 5.869, p 

= 0.016) and Item 8 (F (1,240) = 47.157, p < 0.000).  Mean comparison shows Nonadopters reported 

greater interest in establishing sophisticated RH systems.   

Cronbach’s alpha was calculated for the nine items proposed in the System sophistication scale.  With 

Adopters and Nonadopters aggregated, α = 0.561.  Using the Spearman-Brown stepped-up reliability 

coefficient, α = 0.573, showing moderately similar variances across items.  Disaggregated, Cronbach’s α 

= 0.480 for Adopters, and for Nonadopters, Cronbach’s α = 0.512.  In each form, there were no significant  
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benefits obtainable through Item deletion.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, three subfactors with eigenvalues >1 converged in nine iterations, 

accounting for 58.1% of the variance. The subfactors, respectively, are (a) standard filtration and 

sterilisation to overcome health issues (30.3%, α = 0.747), (b) lower order uses obviating advanced 

treatment needs (14.2%, α = 0.294) and (c) integration with household uses at potable standard (13.6%).  

For the third subfactor, Cronbach’s α was negative due to negative average covariance between items, 

which violates the model assumptions and indicates development of this subfactor as a scale is potentially 

flawed.  Item coding errors were rechecked and ruled out.  A second possibility is that while the true 

population covariances among items are positive, sampling error has produced a negative average 

covariance in a given sample of cases. However, this is unlikely with the sample size.  Finally, it may 

simply be the case that the items do not truly have positive covariances, and therefore may not form a 

useful single scale because they are not measuring the same thing.  A negative Cronbach’s α score 

(which may occur for statistical reasons) indicates that the answers are completely random.  It is 

considered that this is what has occurred in this instance.   

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

three subfactors with eigenvalues >1 converged in five iterations, accounting for 56.8% of the variance.  

These subfactors, respectively, are (a) standard filtration and sterilisation to overcome health issues 

(25.5%, α = 0.694), (b) lower order uses obviating advanced treatment needs (17.1%, α = 0.422) and (c) 

integration with household uses at potable standard (14.2%).  For the third subfactor, Cronbach’s α was 

again, negative. 

For Nonadopters, three subfactors with eigenvalues >1 converged in five iterations, accounting for 61.2% 

of the variance: (a) standard filtration and sterilisation to overcome health issues (25.5%, α = 0.694), (b) 

lower order uses obviating advanced treatment needs (17.1%) and (c) integration with household uses at 

potable standard (14.2%).  For the second and third subfactors, Cronbach’s α was negative. 
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The original reason for developing the construct of system sophistication was to reflect the significance of 

the physical variation in RH system capabilities.  So, it is satisfying that the subfactors emerging in the 

PCA reflect a taxonomy of system sophistication – of ‘low order’ to ‘high order’ end uses.  However, given 

the negative α scores, it is a more challenging problem to consider (on the basis of these data) whether 

these groups of subfactors carry useful meaning in establishing a taxonomy of system sophistication.  It 

may be possible that the Nonadopter respondents have not given sufficient consideration to the elements 

required in a future RH system.  And it is comprehensible that a desired standard of RH system 

sophistication can be an antecedent to household adoption – that the household delays RH installation 

until ‘the right mix’ of RH components is assembled for the intended end uses of the household.  However, 

this still leaves the third factor as a common issue across each of the respondent conditions.  One 

possible explanation is a bimodal split between respondents who recognise the need for treatment for 

potable uses and a second group believing that rainwater is ‘natural’ and therefore acceptable for potable 

use without further treatment.   

The first subfactor, ‘Standard filtration/sterilisation to overcome health issues’, is the most significant in its 

loading in the PCA.  This subfactor included Items 4, 5, 8 and 9 which reflect, respectively, (a) the filtration 

and (b) sterilisation that are (c) appropriate to overcoming any potential health issues, resulting in (d) a 

positive influence on the household adoption decision.  A one way ANOVA run on the first subfactor 

revealed a significant difference between Adopters and Nonadopters (F (1, 199) = 44.778, p < 0.000).  

Mean comparison shows that Nonadopters rated the importance of filtration and sterilisation to overcome 

health issues as a stronger positive influence on their decision making than did the Adopters. 

The second subfactor, ‘Lower order uses obviating advanced treatment needs’, included Items 3, 6 and 7, 

such that a pump, but no further system sophistication was used for garden watering.  A one way ANOVA 

run on the second subfactor revealed a significant difference between Adopters and Nonadopters (F (1, 

240) = 4.289, p = 0.039).  Mean comparison shows that Nonadopters also rated installation for lower order 

uses only as a stronger positive influence on their decision making than did the Adopters.  Despite the 
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Cronbach’s α statistic for the Nonadopter respondents, a decision was made to retain this subfactor for 

inclusion in the discriminant function analysis on the basis of the ANOVA. 

The third subfactor, ‘Integration with household uses at potable standard’, reflected the most advanced of 

the system sophistication measures, reflecting integration with household plumbing and essential filtration 

and sterilisation.  A one way ANOVA run on the third subfactor was not significant.  This result, together 

with the apparently random response patterns indicated by the Cronbach’s α statistic support the 

discontinuation of this subfactor from subsequent discriminant function analysis. 

Overall PCA results are summarised in TABLE 7.29.  Subfactor loadings are summarised in Appendix C11.   

TABLE 7.29: Subfactors in the System Sophistication construct. 
 
Factor: System sophistication 
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Standard filtration/sterilisation to overcome health issues 4 (4,5,8,9) 2.90    (0.79) 0.747 30.3% 30.3% 
2 Lower order uses obviating advanced treatment needs 2 (6,3,7) 3.58    (0.74) 0.294 14.2% 44.5% 
3 Integration with household uses at potable standard 2 (1,2) 2.65    (0.86) nc 13.6% 58.1% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Standard filtration/sterilisation to overcome health issues 4 (4,5,9,8) 3.17    (0.73) 0.694 25.5% 25.5% 
2 Lower order uses obviating advanced treatment needs 3 (6,7,3) 3.65    (0.79) 0.422 17.1% 42.6% 
3 Integration with household uses at potable standard 2 (1,2) 2.62    (0.88) nc 14.2% 56.8% 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Standard filtration/sterilisation to overcome health issues 4 (4,5,9,8) 2.48    (0.68) 0.481 25.3% 25.3% 
2 Lower order uses obviating advanced treatment needs 3 (6,7,3) 3.45    (0.62) nc 19.4% 44.7% 
3 Integration with household uses at potable standard 2 (1,2) 2.68    (0.83) nc 16.5% 61.2% 

 

Content analysis of the RH Adopters’ written responses relating to the influence of system sophistication in 

the RH adoption decision revealed that 37.3% of Adopters specifically reported that system sophistication 

was not an issue in their adoption decision. 

• “Did not consider.” (32) 
• “Not applicable - renting.” (95) 
• “Did not affect decision.” (205) 

No Adopters reported system sophistication as an issue of marginal significance.  For the remaining  
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62.7% of Adopters, for whom system sophistication issues did influence the adoption decision, 56.8% of 

comments venerated the simplicity of RH systems in the household adoption decision: 

• “We did not require a sophisticated setup because our needs did not include human consumption.” (49) 
• “Simple as possible.” (99) 
• “Low level meant we minimised installation complications and costs.” (105) 

 
Conversely, 10.8% of comments identified that sophistication of the RH system was a primary issue in the 

household RH adoption decision: 

• “Our aim was to have water delivery similar to a conventional system.” (135) 
• “Tank setup designed to be self sufficient and self contained i.e. not connected with mains water - fully 

plumbed, appropriate pumps, UV treatment.” (144) 
• “I would like my RH system to be transparent and provide the same level of service as mains water.” (219) 

 
Between these two ends of the ‘system sophistication continuum’, and preserving the skew to simplicity, 

28.4% of comments identified intermediate levels of system sophistication that influenced household RH 

adoption decision: 

• “Efficient collection and cleanliness are the main considerations.” (133) 
• “At present we only wanted the ability to top up the pool, water the garden and wash the car.” (138) 
• “Considering the tanks are only used for watering pot plants and the vegetable garden, the system to filter out 

leaves and stop mosquitoes breeding was used.” (146) 

4.0% of comments nominated another theorised construct (without prior exposure to that construct) as 

more important to the adoption decision than RH system sophistication:  

•  “The system needed to be completely integrated for ease of use.” (142) 
• “Use of water at our convenience.” (212)  
• “I have one pump and 4 tanks with quick release couplings so move the pump around.” (247) 

While comments about household members drinking rainwater abounded, only 7.6% of these comments 

(4.0% of comments among the system sophistication responses) linked system sophistication with potable 

consumption in the household RH adoption decision: 

• “Modern filter for drinking purposes due to airborne industrial waste.” (45) 
• “We grew up drinking tank water with no apparent adverse effects.” (78) 
• “The issue of sterilisation is overstated. Our guts get used to bugs in rainwater if used regularly.” (111) 
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A significant leap in RH application comes from integration with internal uses.  RH can supply a toilet 

without requiring any physical interconnectivity with existing plumbing, since most Australian cisterns have 

two separate inlets.  Similarly, RH can supply a washing machine without physical interconnectivity with 

existing plumbing. This connectivity significantly diminishes the cost entry barrier and requires no greater 

sophistication than a pump (gravity-fed supply was nonexistent across the sampled households).  End use 

of harvested water is next substantially improved by integration with the household hot water service, 

since harvested water may then supply laundry and bathroom needs.  If the laundry or other appliances 

are integrated with the rainwater supply, then filtration is beneficial to meliorate particulate damage.  

Beyond non-potable use, some form of disinfection is advised to comply with the ADWG standards.   

Overall, formative scale development and PCAs showed that the System Sophistication construct was 

comprised of three robust subfactors.  The subfactors were identical across the aggregated, Adopter and 

Nonadopter conditions.  They explained 58.1% of the variance in responses on System Sophistication 

items, showed acceptable internal consistency, though scale alpha was incalculable for the second 

subfactor, ‘Lower order uses obviating advanced treatment needs’ in the Nonadopter condition.  These 

results support the inclusion of System Sophistication as a consideration in the household decision making 

on RH adoption.   
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Technological Innovation 

TABLE 7.30: Descriptive statistics of the Technological Innovation scale data. 
 

Technological Innovation Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. It’s hard to get reliable, good quality advice necessary to 
understand new rainwater tanks and products 

7.8 
(10.6) 

15.7 
(28.7) 

28.1 
(24.5) 

35.9 
(29.8) 

12.4 
(6.4) 

3.29 
(2.93) 

1.12 
(1.13) 

2. New tank designs (e.g. slimline, underfloor bags) were 
particularly influential in our decision to get a RH system 

7.2 
(12.6) 

19.1 
(42.1) 

25.0 
(20.0) 

30.3 
(14.7) 

18.4 
(10.5) 

3.34 
(2.68) 

1.19 
(1.19) 

3. New technologies like switching devices or top up systems 
are important for our household’s use of rainwater 

6.0 
(9.6) 

7.3 
(43.6) 

39.1 
(26.6) 

37.1 
(16.0) 

10.6 
(4.3) 

3.39 
(2.62) 

0.98 
(1.01) 

4. RH system technologies aren't that much different now to 
when Councils wanted all tanks removed ® 

10.6 
(12.8) 

19.2 
(25.5) 

38.4 
(36.2) 

23.8 
(19.1) 

7.9 
(6.4) 

2.99 
(2.81) 

1.09 
(1.09) 

5. Technological advances in household treatment and filtration 
systems make rainwater safer to use 

17.0 
(16.3) 

46.4 
(60.9) 

25.5 
(18.5) 

8.5 
(2.2) 

2.6 
(2.2) 

2.33 
(2.13) 

0.95 
(0.79) 

6. Overall, the recent Innovations in RH system technologies 
were a strong positive influence on our household decision 
to install a RH system. 

4.0 
(9.3) 

10.4 
(45.3) 

34.4 
(32.0) 

39.2 
(12.0) 

12.0 
(1.3) 

3.45 
(2.51) 

0.97 
(0.88) 

 

TABLE 7.30 summarises descriptive data for all of the Items proposed in the Technological Innovation 

scale.  A one way ANOVA run on the summary item for Technological Innovation revealed a significant 

difference between Adopters and Nonadopters in the overall impact of perceptions of Technological 

Innovation issues on the RH adoption decision (F (1, 198) = 47.358, p< 0.000).   Mean comparison shows 

that Nonadopters rated technological innovation issues as a stronger influence on their decision making 

than the Adopters did.  

Further one way ANOVAs yielded significant differences between Adopters and Nonadopters for Item 1 (F 

(1, 245) = 6.287, p = 0.013); Item 2 (F (1, 245) = 17.540, p < 0.000) and Item 3 (F (1, 243) = 35.386, p < 

0.000).  Mean comparison shows that Nonadopters rated technological innovation issues as a stronger 

influence on their decision making than the Adopters did.   

Cronbach’s alpha was calculated for the six items proposed in the Technological Innovation scale.  With 

Adopters and Nonadopters aggregated, α = 0.539.  Using the Spearman-Brown coefficient, α = 0.543, 

showing quite similar variances across items.  Disaggregated, Cronbach’s α = 0.466 for Adopters, and for 

Nonadopters, Cronbach’s α = 0.405.  By convention, these correlation coefficients are considered sub-

adequate.   
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Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, two subfactors with eigenvalues >1 converged in three iterations, 

accounting for 51.5% of the variance. The respective subfactors are (a) that technological innovation is 

influential in household adoption (33.1%, α = 0.614) and (b) access to information about RH innovations 

(18.4%, α = 0.036).   

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

the same two subfactors with eigenvalues >1 converged in three iterations, accounting for 49.1% of the 

variance - (a) that technological innovation is influential in household adoption (29.9%, α = 0.552) and (b) 

access to information about RH innovations (18.4%).  For the second subfactor, Cronbach’s α was 

negative due to negative average covariance between items, which violates the model assumptions.  A 

negative score (which may occur for statistical reasons) indicates that the answers are completely random. 

For Nonadopters, the three subfactors with eigenvalues >1 converged in four iterations, accounting for 

70.6% of the variance - (a) that storage/supply innovations are influential in household adoption (31.4%, α = 

0.637), (b) that treatment innovations are influential in household adoption (21.2%, α = 0.466) and (c) 

access to information about RH innovations (18.4%).   

After deliberation, and with the precedent of the System Sophistication subscale decision, a decision was 

made to proceed with two subscales in order to preserve consistency across the conditions.  The first, 

comprising of Items 2, 3, 5 and 6 covers the existence of technological innovations in household RH, 

whilst the second subscale comprised of Item 1 and 4, covers the household access to information about 

recent RH innovations.  This distinction has strong conceptual appeal.  With these applied, Cronbach’s α 

= 0.540 for the first, and α = 0.250 for the latter. 

A one way ANOVA run on the first subfactor revealed a significant difference between Adopters and 

Nonadopters (F (1, 195) = 41.724, p < 0.000).  Mean comparison shows that Nonadopters rated emergence 

of new rain harvesting technologies as a stronger positive influence on their decision making than Adopters. 
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A one way ANOVA run on the second subfactor was not significant.  Although Items in this subfactor 

appear conceptually similar, the low alpha scores and the non-significant ANOVA suggest this subfactor 

be removed from the subsequent discriminant function analysis.   

Overall PCA results are summarised in TABLE 7.31.  Subfactor loadings are summarised in Appendix C12.   

TABLE 7.31: Subfactors in the Technological Innovation construct. 
 
Factor: Technological Innovation 
 

All respondents    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Technological innovation influential in household adoption 4 (3,6,2,5) 2.90    (0.65) 0.614 33.1% 33.1% 
2 Access to information about RH innovations 2 (1,4) 3.15    (1.13) 0.036 18.4% 51.5% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Technological innovation influential in household adoption 4 (3,6,2,5) 3.10    (0.61) 0.552 29.9% 29.9% 
2 Access to information about RH innovations 2 (1,4) 3.29    (1.12) nc 19.1% 49.1% 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Storage/supply innovation influential in household adoption 2 (2,3) 2.65    (0.95) 0.637 31.4% 31.4% 
2 Treatment innovation influential in household adoption 2 (5,6) 2.30    (0.63) 0.466 21.2% 52.6% 
3 Access to information about RH innovations 1 (1) 2.93    (1.13) nc 18.0% 70.6% 

 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Technological innovation influential in household adoption 4 (2,3,5,6) 2.55    (0.57) 0.540 nc nc 
2 Access to information about RH innovations 2 (1,4) 2.93    (1.13) 0.250 nc nc 

 

Content analysis of the RH Adopters’ written responses relating to the influence of technological 

innovation in the RH adoption decision revealed that 74.4% of Adopters specifically reported that 

technological innovation was not an issue in their adoption decision. 

• “Did not consider.” (32) 
• “Not applicable - renting.” (95) 
• “Did not affect decision.” (205) 

An additional 5.0% of the Adopters reported technological innovation as only a marginal issue (e.g. 

“Minimally” (102), or “Very little.” (165)). 

For the remaining 20.6% of Adopters, for whom technological innovation issues did influence the adoption 

decision, 33.3% of comments recognised innovation in tank storage had a positive impact on the 

household adoption decision: 
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• “The fact that slimline tanks were being built allowed us to install (a tank).” (59) 
• “New materials and shapes.” (139) 
• “Slimline tank was able to be fitted in a position that could not take a round tank.” (201) 

 
19.0% of comments identified that technological innovation in the healthy and safe use of RH was an 

issue in the household RH adoption decision: 

• “The material construction of the tank was important for health (non-lead).” (119) 
• “Recent innovations have made RH system water safer and more user-friendly.” (219) 
• “First flush devices and tank screens help lessen the residue in the tank.  Filters should also be more 

advanced.” (231) 

19.0% of comments nominated another theorised construct as more important to the adoption decision 

than technological innovation  

• “Price affected our decision - not innovations.” (21)  
• “Image was important.  It is a feature of the back yard.” (146) 
• “It's simpler than it used to be.” (215) 

14.3% of comments identified that technological innovation was a central element of the household RH 

adoption decision: 

• “We tried to use plenty of new technologies.  We couldn't get anyone to make a solenoid switch for us (mains 
or RH) and reluctantly paid about $1000 for an off-the-shelf version instead.  We use PE-X for our water 
service, a top of the line variable speed pump, and flow limiters and water saving devices throughout the 
home.” (22) 

• “Strongly.” (107) 
• “Unsure if the technologies used in our RH system were previously commercially available.  Expert help used 

in the design and setup of our housing estate.” (144) 

Overall, formative scale development and PCAs showed that the Technological Innovation construct was 

comprised of two robust subfactors.  The subfactors were identical across the aggregated and Adopter 

conditions, though forced in the Nonadopter condition.  They explained 51.5% of the variance in 

responses on Technological Innovation items, showed acceptable conceptual consistency, though scale 

alpha was low for the second subfactor, ‘Access to information about RH innovations.’  These results 

support the inclusion of Technological Innovation as a consideration in the household decision making on 

RH adoption.   
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Visibility 

TABLE 7.32: Descriptive statistics of the Visibility scale data. 
 

Visibility Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. If people see more households with rainwater tanks they 
will be more likely to get one too  

11.1 
(15.1) 

57.5 
(53.8) 

19.0 
(16.1) 

8.5 
(10.8) 

3.9 
(4.3) 

2.37 
(2.35) 

0.93 
(1.01) 

2. We noticed 'Rainwater-in-use' signs appearing before we 
installed our own tank 

2.0 
(5.5) 

32.5 
(25.3) 

23.8 
(23.1) 

28.5 
(33.0) 

13.2 
(13.2) 

3.19 
(3.23) 

1.09 
(1.14) 

3. We were motivated to get a tank because it seems 
everyone is getting them now 

2.0 
(3.3) 

3.3 
(12.0) 

18.4 
(26.1) 

49.3 
(43.5) 

27.0 
(15.2) 

3.96 
(3.55) 

0.88 
(1.00) 

4. We were motivated to get a tank because of all the others in 
our local area 

1.3 
(3.3) 

2.0 
(7.7) 

15.2 
(26.4) 

52.3 
(48.4) 

29.1 
(14.3) 

4.06 
(3.63) 

0.80 
(0.94) 

5. When we visit other households that use rainwater, they 
usually show us their tank or talk about their tank 

3.3 
(4.4) 

21.7 
(25.6) 

21.7 
(17.8) 

34.9 
(38.9) 

18.4 
(13.3) 

3.43 
(3.31) 

1.12 
(1.13) 

6. Overall, the Visibility of rainwater tank installations was a 
strong positive influence on our household decision to 
install a RH system 

3.5 
(6.0) 

6.4 
(11.9) 

28.4 
(31.0) 

34.0 
(38.1) 

27.7 
(13.1) 

3.76 
(3.40) 

1.04 
(1.05) 

 

TABLE 7.32 summarises descriptive data for all of the Items proposed in the Visibility scale.  A one way 

ANOVA run on the summary Item for Visibility (Item 6) revealed a significant difference between Adopters 

and Nonadopters in the overall impact of perceptions of Visibility issues on the RH adoption decision (F (1, 

223) = 6.031, p< 0.015).   Mean comparison shows that Nonadopters rated Visibility issues as a stronger 

influence on their decision making than the Adopters did.  

Further one way ANOVAs run on the Visibility scale Items revealed significant differences between 

Adopters and Nonadopters for Item 3 (F (1, 242) = 11.081, p = 0.001) and Item 4 (F (1, 240) = 14.552, p< 

0.000).  Mean comparisons show that Nonadopters were more motivated than Adopters to install a 

household RH system because of others appearing in the community, which is consistent with the visibility 

hypothesis originally advanced by Whyte (1954).  

Cronbach’s alpha was calculated for the five items proposed in the Visibility scale.  With Adopters and 

Nonadopters aggregated, α = 0.751.  Using the Spearman-Brown stepped up reliability coefficient, α = 

0.761, showing quite similar variances across items.  In the aggregated form, there were no significant 

benefits obtainable through Item deletion.  Disaggregated, Cronbach’s α = 0.743 for Adopters, and for 

Nonadopters, Cronbach’s α = 0.763.  By convention, these correlation coefficients are considered adequate.   



 353 of 457 

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with 

Adopters and Nonadopters aggregated, a single subfactor with an eigenvalue >1 converged unrotated, 

accounting for 47.1% of the variance which may be described as the impact of RH visibility on adoption.   

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

two subfactors with eigenvalues >1 converged in three iterations, accounting for 64.5% of the variance.  

The subfactors, respectively, are (a) the impact of physical RH visibility on household adoption (43.0%, α 

= 0.757), (b) a second subfactor similar to the first, but including other’s communication of RH adoption 

(21.6%, α = 0.419).  For Nonadopters, a single subfactors with an eigenvalue >1 converged unrotated, 

accounting for 48.7% of the variance which may be described as the impact of RH visibility on adoption.   

To preserve uniformity across the adoption conditions, alternative solutions were attempted with two 

factors forced and with a single factor forced.  Because item loadings diminished in the two subfactor 

solution and more rotations required to obtain the solutions, a decision was made to proceed with the 

single factor solution forced in the Adopter condition.   

Overall PCA results are summarised in TABLE 7.33.  Subfactor loadings are summarised in Appendix C13.   

TABLE 7.33: Subfactors in the Visibility construct. 
 
Factor: Visibility 
 

All respondents    Variance 
 Factor derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Effect of RH visibility on adoption all 3.39    (0.68) 0.751 47.1% 47.1% 
 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Effect of RH visibility on adoption 4 (4,3,6,2) 3.75    (0.73) 0.757 43.0% 43.0% 
2 Effect of RH visibility and communication on adoption 2 (1,5) 2.90    (0.82) 0.419 21.6% 64.6% 

 

 Factor optimised for DFA Items scale mean (δ)   α % Σ % 
1 Effect of RH visibility on adoption all 3.46    (0.65) 0.743 47.1% 47.1% 

 

Nonadopters    Variance 
 Factor derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Effect of RH visibility on adoption all 3.27    (0.70) 0.763 48.7% 48.7% 

Content analysis of the RH Adopters’ written responses relating to the influence of visibility in the RH 

adoption decision revealed that 79.3% of Adopters specifically reported that visibility was not an issue in  
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their adoption decision. 

• “Seeing other tanks around was encouraging, but didn't influence our decision.” (49) 
•  “Nil.” (130) 
• “Did not affect decision.” (205) 

7.4% of comments nominated another theorised construct as more important to the adoption decision than 

visibility: 

• “The placement of the tank was important to us, both for easy access, and to complement the house and not 
look like an eyesore.” (4) 

• “It is the socially and environmentally correct thing to do.” (59) 
• “Tank underground - we can walk on lid, so did not lose area.” (209) 

For the remaining 13.2% of Adopters, for whom visibility issues did influence the adoption decision, 28.0% 

of these reported visibility as only a marginal issue (e.g. “Minimally - we were one of the first” (109), or 

“Now that we've purchased one we notice them here and there, but they were not really visible prior to our 

purchase” (222)).  Though no comments identified that visibility was a primary issue in the household RH 

adoption decision, 7.4% of comments concerned the general catalytic effect of visibility on the household 

decision: 

• “Made us aware of the need to harvest water.” (108) 
• “It was a factor in the decision - family members had already installed tanks.” (231) 
• “Seeing a tank made us aware of the need.” (240) 

Overall, formative scale development and PCAs showed that the broad theoretical construct of Image 

presented no opportunity for reduction.  The Visibility scale explained 47.1% of the variance in responses 

on Image items and showed strong internal consistency. These results support the inclusion of Visibility as 

a consideration in the household decision making on RH adoption.   
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Voluntariness 

TABLE 7.34: Descriptive statistics of the Voluntariness scale data. 
 

Voluntariness Scale Item %SA % A % N % D %SD Mean SD 
Adopters (Nonadopters) 

1. Even if it is not ‘technically compulsory’, this household still felt 
pressured to get a rainwater tank (e.g. socially) 

8.6 
(14.7) 

16.8 
(25.3) 

21.9 
(20.0) 

32.3 
(30.5) 

20.6 
(9.5) 

3.40 
(2.95) 

1.23 
(1.24) 

2. Individual households, not government, should have the final 
say about whether they install a tank or not 

15.0 
(29.2) 

41.8 
(41.7) 

15.7 
(10.4) 

13.7 
(15.6) 

13.7 
(3.1) 

2.69 
(2.22) 

1.27 
(1.13) 

3. Only households that have voluntarily installed a RH system 
can be trusted to use and maintain them properly 

6.6 
(13.8) 

17.8 
(22.3) 

24.3 
(18.1) 

38.2 
(35.1) 

13.2 
(10.6) 

3.34 
(3.06) 

1.12 
(1.25) 

4. A sense of Voluntariness was a strong positive influence on 
our household decision to install a RH system. 

9.7 
(9.2) 

22.4 
(34.2) 

38.1 
(27.6) 

20.9 
(22.4) 

9.0 
(6.6) 

2.97 
(2.83) 

1.09 
(1.09) 

 

TABLE 7.34 summarises descriptive data for all of the Items proposed in the Voluntariness scale.  A one 

way ANOVA run on the summary Item for Voluntariness (Item 4) revealed no significant difference 

between Adopters and Nonadopters in the overall impact of perceptions of Voluntariness issues on the RH 

adoption decision (F (1, 208) = 0.815, p = 0.368).    

Further one way ANOVAs run on the Voluntariness scale Items revealed significant differences between 

Adopters and Nonadopters for Item 1 (F (1, 248) = 7.961, p = 0.005) and Item 2 (F (1, 247) = 8.923, p = 

0.003).  Mean comparisons show that Nonadopters reported greater social pressure to install a household 

RH system, and were stronger than Adopters in their agreement that the sovereignty for the adoption 

decision sat with the individual household.  

Cronbach’s alpha was calculated for the four items proposed in the Voluntariness scale.  With Adopters 

and Nonadopters aggregated, α = 0.433.  Using the Spearman-Brown stepped up reliability coefficient, α 

= 0.442, showing quite similar variances across items.  In the aggregated form, there were no significant 

benefits obtainable through Item deletion.  When disaggregated, Cronbach’s α = 0.372 for Adopters, and 

for Nonadopters, Cronbach’s α = 0.475.  By convention, these correlation coefficients are considered sub-

adequate.   

Three PCAs were run to determine any structural relationships among the items.  In the first PCA, with  



356 of 457 

Adopters and Nonadopters aggregated, a single subfactor with an eigenvalue >1 converged unrotated, 

accounting for 47.1% of the variance which may be described as the impact of RH Voluntariness on 

adoption.   

For the second and third PCAs, data were disaggregated to Adopters and Nonadopters.  For Adopters, 

two subfactors with eigenvalues >1 converged in three iterations, accounting for 61.7% of the variance.  

The subfactors, respectively, are (a) that Voluntariness is regarded as an important element of household 

adoption (34.3%), and (b) that the sovereignty of the adoption decision is the household’s (27.3%).  

For Nonadopters, the same two subfactors with eigenvalues >1 converged in three iterations, accounting 

for 66.7% of the variance.  The subfactors, respectively, are (a) that Voluntariness is regarded as an 

important element of household adoption (40.8%), and (b) that the sovereignty of the adoption decision is 

the household’s (25.9%).   

Item 1 and Item 2 from the Voluntariness Scale were considered to offer the best hope of identifying the 

influence of the Voluntariness construct issues on adoption.  However, while these two items were most 

effective in distinguishing between the Adopter categories, neither the preceding alpha calculations nor the 

principal component analyses can be used in support of grouping Item 1 and Item 2 for use in a 

subsequent confirmatory factor analysis of the influence of Voluntariness on RH adoption.   

Since the same two subfactors emerged for Adopters and for Nonadopters, it was decided to force these 

two subfactors in the aggregated condition for the purpose of comparison. When two subfactors are forced 

in the aggregated condition, the subfactors, respectively, are (a) Items 1, 3 and 4 (38.6%, α = 0.484), and 

(b) Item 2 (24.5%, single item), accounting for 63.1% of the variance.   

Overall PCA results are summarised in TABLE 7.35.  Subfactor loadings are summarised in Appendix C14.   
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TABLE 7.35: Subfactors in the Voluntariness construct. 
 
Factor: Voluntariness 
 

All respondents    Variance 
 Factor derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Pressure & voluntariness are important for maintenance 3 (3,4,1)  0.433 38.6% 38.6% 
 

 Subfactors optimised for DFA Items scale mean (δ)   α % Σ % 
1 Pressure & voluntariness are important for maintenance 3 (3,4,1) 3.15    (0.80) 0.484 38.6% 38.6% 
2 Household sovereignty of RH adoption decision 1 (2) 2.51    (1.24) nc 24.5% 63.1% 

 

Adopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Pressure & voluntariness are important for maintenance 3 (3,4,1) 3.26    (0.77) 0.436 36.3% 36.3% 
2 Household sovereignty of RH adoption decision 1 (2) 2.69    (1.27) nc 25.4% 61.7% 

 

Nonadopters    Variance 
 Subfactors derived by PCA with Varimax rotation Items scale mean (δ)   α % Σ % 

1 Pressure & voluntariness are important for maintenance 3 (3,4,1) 2.98    (0.83) 0.528 40.8% 40.8% 
2 Household sovereignty of RH adoption decision 1 (2) 2.22    (1.13) nc 25.9% 66.7% 

For RH Adopters, the remaining data on voluntariness in adoption is obtained from two items:  

Q2.3  Was this household REQUIRED to install a rainwater tank as a condition of building or renovations? 
 

            Yes     Unsure    No  (please go to Q 2.5)         
 
Q2.4  Would your household have voluntarily installed a rainwater tank anyway? 
 

            Yes     No     Unsure   

A cross-tabulation of the data from these two items (TABLE 7.36) shows that in one third of instances, RH 

adoption was mandated, though those households unanimously reported that they would voluntarily have 

adopted a RH system anyway. Just 2.4% of the sample said they would not have installed a rainwater 

tank unless required. 

TABLE 7.36: Mandated RH adoption and reported household willingness for RH adoption.  
 

 Q2_4 Total 
  Yes No Unsure  
Q2_3 Yes 14 0 0 14 
  Unsure 3 0 0 3 
  No 22 1 2 25 
Total 39 1 2 42 

 

For RH Nonadopters, voluntariness of adoption was also addressed in two supplementary items: 

Q2.1  Is there a reason why your household has not considered a rainwater tank at this stage?                         
Please explain your answer. 

 
____________________________________________________________________________________________________ 
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Q2.2 What is the main reason that your consideration process led to a household rejection of RH? 
 

  Cost   Not home owner   Health concern 
  Time   Not allowed in the area   Insufficient rainfall 
  Space   Unsuitable water quality   Other (please describe)  ____________________________ 

 

Thematic coding analysis of the unframed responses to Item Q2.1 grouped responses across ten 

categories.  Of these, four categories (Not home owner, Not allowed, Government housing, Body 

corporate) concern situations in which the voluntariness of RH adoption has been removed from the 

household.  Of the fifty households that reported they had not considered RH adoption (45.5% of 

Nonadopters) 52% concern situations in which the voluntariness of RH adoption has been removed from 

the household.  Of the twenty households that reported they considered but rejected RH adoption (18% of 

Nonadopters) 15% reported that the voluntariness of RH adoption was removed from the household.  

Altogether, 26.4% of Nonadopters reported that the voluntariness of RH adoption was removed from the 

household.  In a cross tabulation with Item 2.0 (gauging interest in RH adoption), 10.4% of these 

households reported they were extremely interested and 24.1% somewhat interested in RH installation.  

Overall, 9.1% of Nonadopters surveyed reported they were interested in RH installation, but that the 

voluntariness of RH adoption was removed from the household.  

Content analysis of the RH Adopters’ written responses relating to the influence of voluntariness in the RH 

adoption decision revealed that 45.0% of Adopters specifically reported that voluntariness was not an 

issue in the household RH adoption. 

• “Never thought about it.” (17) 
• “No effect.” (149) 
• “Did not affect decision.” (205) 

5.3% of comments nominated another theorised construct as more important to the adoption decision than 

voluntariness:  

• “It allows us more freedom in how we use our water.” (32) 
• “Being able to water our garden whenever we wanted and being able to put the tank near the garden made 

that happen.” (146) 
• “I feel good about contributing to water conservation without compromising my lifestyle.” (219) 
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3.5% of the Adopters reported voluntariness as only a marginal issue (e.g. “Didn't change the decision but 

allowed some feelings of altruism” (109), or “In hindsight, it may have been an influence” (125)).  

20.3% of comments identified that voluntariness was relevant to the household RH adoption decision 

because the adoption decision was beyond the control of the household: 

• “It was already installed.” (100) 
• “Already here.” (134)  
• “Not applicable – renting.” (152) 

And 43.5% of these comments identified that the household RH adoption was mandated: 

• “Was compulsory but would have done so anyway.” (167) 
• “Compulsory under local government conditions.” (170) 
• “No mains supply.” (179) 

8.0% of comments identified that voluntariness was appreciated in the household RH adoption decision: 

•  “We were happy the decision to install a tank rested with the householders and not the government.” (49) 
• “By giving us the opportunity to make an independent decision.” (104) 
• “This appealed to us.” (223) 

6.2% of comments identified that the household sense of responsibility catalysed the adoption decision in 

the voluntary environment: 

• “We were require to install a tank as a condition of building approval - but not to the extent we've taken it (and 
we would have done it anyway).” (22) 

• “We chose to install a water tank because we have a conscience about conservation.” (59) 
• “Walk the talk.” (222) 

Overall, formative scale development and PCAs showed that the Voluntariness construct was comprised 

of two robust subfactors.  The subfactors were identical across the aggregated, Adopter and Nonadopter 

conditions.  They explained 63.1% of the variance in responses on Voluntariness items and showed 

acceptable conceptual consistency, though scale alpha was incalculable for the second (single-item) 

subfactor, ‘Household sovereignty of the RH adoption decision.’  These results support the inclusion of 

Voluntariness as a consideration in the household decision making on RH adoption.   
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Overview of Rainwater Harvesting Adoption Decision Making 

After respondents had completed their detailed responses on the impact of each of the theorised 

constructs, a summary item required respondents to rank the four most important influences on their 

household adoption decision from the list of theorised constructs.  To provide an overall perspective on the 

impact of the constructs, external issues such as the absence of available mains water supply, a pre-

existing RH system, and decision by a third party (e.g. landlord) were incorporated into the analysis.   

78.2% of responses to the main influence item fitted within definitions of the theorised constructs and were 

coded accordingly.  Of the remaining responses, 64.7% reported that the landlord made the RH adoption 

decision (1.8% for, 62.8% against), 31.7% comprised RH installations that pre-dated occupation of the 

dwelling by the household, and 3.7% reported no mains supply as the main reason for RH adoption.   

 
 
FIGURE 7.28: Source construct of highest ranked influence on household RH adoption – All respondents. 
 

FIGURE 7.28 shows the factor ranked as the most important influence on household RH adoption.  

Constructs are listed clockwise from ‘12 o’clock’. The five constructs derived from the EM perspective are 

depicted on the right hand side.  The nine constructs derived from the DI perspective are depicted in the 
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foreground.  The three remaining factors at the rear left show the identified discontinuities between 

household RH adoptions and the adoption decision.  In terms of simple frequencies, constructs derived 

from the EM perspective account for 36.7% and constructs derived from the DI perspective account for 

41.5% of the most important motivators cited by households for RH adoption. 

 

 
 
FIGURE 7.29: Source construct of highest ranked influence on household RH adoption – Adopters and 
Nonadopters. 

FIGURE 7.29 shows the frequency with which each of the theorised constructs was nominated as the 

highest ranked influence on household RH adoption decision, plus the factors beyond an adoption 

decision, broken down by Adopters and Nonadopters.   Independence (22%) and the Relative Advantages 

of RH as a household water source (17%) were of greatest importance among the Adopters.  Undeniably, 

cost is the primary issue for nonadopting households (nominated by 35%).   

While a solitary issue can be ‘front of mind’, previous analyses (and common sense) show it is more likely 

a confluence of issues than a single issue that ultimately influences household RH adoption.  Therefore, a 

more robust and balanced impression of the relative importance of each of these constructs is obtained by 

a similar analysis of the ‘top four’ issues that households ranked as influences on RH adoption.   

Adopters 
Nonadopters 
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FIGURE 7.30: Source constructs of ‘top four’ ranked influences on household RH adoption – All 
                        respondents. 

FIGURE 7.30 shows the four top-ranked issues for households.  93.3% of all responses (main and 

subsidiary motivations) fitted definitions of the theorised constructs and were coded accordingly.  Of the 

remaining responses, 59.4% reported that the landlord made the RH adoption decision (6.2% for, 53.1% 

against), 29.7% comprised RH installations that pre-dated occupation of the dwelling by the household, 

and 10.9% reported no mains supply as the main reason for RH adoption.   

In terms of simple frequencies, constructs derived from the EM perspective account for 34.5%, and 

constructs derived from the DI perspective account for 58.7% of the most important motivators cited by 

households for RH adoption.  

FIGURE 7.31 shows the frequency with which each of the theorised constructs was nominated among the 

‘top four’ influences on the household adoption decision, plus the factors beyond an adoption decision, 

broken down by Adopters and Nonadopters.  There is a notable congruity between Adopters and 

Nonadopters in the relative importance that is attached to each of the theorised constructs as an influence 

on RH adoption.  The greatest differences between Adopters and Nonadopters occur in terms of 

household authority over the RH adoption decision, the impacts of Cost and Economy and Independence 
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constructs.  Overall, Cost and Economy (12.2% of Adopters and 19.6% of Nonadopters), the Relative 

Advantages of RH as a household water source (14.6% of Adopters and 12.3% of Nonadopters), 

household Independence (16.0% of Adopters and 9.0% of Nonadopters), the Environment (12.4% of 

Adopters and 13.7% of Nonadopters), and Ease of Use (10.1% of Adopters and 10.6% of Nonadopters), 

were of greatest importance.  Together these constructs account for 65.2% of the highest ranked factors. 

 
 
FIGURE 7.31: Source construct of ‘top four’ ranked influences on household RH adoption – Adopters 
                        and Nonadopters. 
 

Nonresponse and nonresponse bias 

FIGURE 7.32 show the results of the split-half analyses taken as a check for nonresponse bias under 

Groves’ (2006) ‘nonresponse measurement error model’ of respondent bias.  This was the only model 

proposed by Groves that was identified as a serious potential source of nonresponse bias in the principal 

survey administration.  It concerns error that arises as a result of differing responses between easily 

reached, cooperative respondents and inaccessible, reluctant respondents.  The split half analysis was 

conducted between those households returning the survey without any prompting and those households 

that were prompted more than once to return the survey.   

Adopters 
Nonadopters 
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FIGURE 7.32: Split-half analysis for nonresponse measurement error model (across constructs). 

FIGURE 7.32 shows the data expressed as the proportion of prompted and unprompted respondents 

across each construct, and shows strong uniformity of each nominated construct across the ‘cooperative 

respondents’ and ‘reluctant respondents’ in the sample.   

FIGURE 7.33 shows the data expressed as the proportion of prompted and unprompted respondents 

within each construct.  The most notable deviations occur for ‘Image’ (100%) and ‘No mains water’ (72%).  

Where Image is connected with RH adoption, it seems reasonable that there is a psychological affinity, 

connection or interest in RH that may have motivated the household to complete the survey instrument 

without prompting.  Nevertheless, Image was nominated by less than 1% of the sample and despite this 

divergence, it consequently is not regarded as a significant issue to response bias.  Household access to 

mains water is an issue external to the theorised constructs.  A similar phenomenon may have occurred 

here, given that households without mains water may have a psychological affinity, connection or interest 

in RH that motivated the household to complete the survey instrument without prompting.  The remaining 

constructs are within 15% i.e. one standard deviation of the ‘half-way point’.   

Unprompted 
  

Prompted 
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FIGURE 7.33: Split-half analysis for nonresponse measurement error model (within constructs). 

Concluding on the split-half analysis, the close match observed between the data obtained from ‘easily 

reached, cooperative’ respondents and the data obtained from ‘inaccessible, reluctant’ respondents 

provides substantial confidence that noncooperation on the balance of the surveys (i.e. those that were 

not returned) is not a source of significant risk of nonresponse bias in generalising the data (Groves, 2006: 

663).  

In summary, the grounded data affirm the scope and inclusiveness of the proposed synthesis of EM and 

DI perspectives as a valid and robust framework. The analyses conducted through the PCAs and internal 

consistency calculations provide demonstrable support for subfactors operating within theorised constructs 

derived from the synthesis, and the split-half analysis demonstrates strong potential for generalisability. 

The results provide substantial confidence for proceeding to advanced quantitative analyses. 

False discovery rate control 

When a population is interrogated by multiple items, as is the case with the 14 constructs and 135 items 

operationalising those constructs here, the likelihood of a Family-wise Type I error increases.  Family-wise 

Unprompted  
 
Prompted 
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type I error is the probability that, even if all samples come from the same population, we wrongly 

conclude that at least one pair of populations differ, i.e. that Adopters and Nonadopters appear different, 

when they are in fact not.  The common approach to addressing such multiplicity is to seek to manage the 

familywise error rate through applications such as the Bonferroni adjustment, which apportions the 

quotient of the probability of statistical significance across the ‘family’ of variables in the enquiry.   

Yet Nakagawa (2004) identifies there is no formal consensus for when Bonferroni procedures should be 

used, even among statisticians.  In some cases, Bonferroni corrections are applied only when results are 

significant, while others advocate a ‘strong’ position, i.e. under all configurations of the true and false 

hypotheses tested (Hochberg and Tamhane, 1987).   

Jennions and Møller (2002 a,b) argue that the wide use of Bonferroni procedures further reduce power, 

increasing Type II error to unacceptable levels and may aggravate the tendency of researchers not to 

present nonsignificant results, because presentation of more tests with nonsignificant results may make 

previously ‘significant’ results ‘nonsignificant’ under Bonferroni procedures. This is particularly true of more 

detailed research (i.e., research measuring more variables has less probability of finding significant results) 

(Nakagawa, 2004) 

Cohen argues that these problems probably reflect overemphasis in journals on statistical significance 

(i.e., p values), rather than on practical significance (i.e., effect size) (Cohen, 1990).  Benjamini and 

Hochberg argue that family-wise error rate control is often unnecessarily applied.  Particularly, they identify 

that control is important when “a conclusion from the various individual inferences is likely to be erroneous 

when one of them is ….  However, a treatment group and a control group are often compared by testing 

various aspects of the effect.  The overall conclusion that the treatment is superior need not be erroneous 

even if some of the null hypotheses are falsely rejected. … This is why a per-comparison error rate, which 

amounts to ignoring the multiplicity problem altogether, is still recommended.” (Benjamini and Hochberg, 

1995: 290).   The experimental design of the thesis research is reflected in this latter condition.   
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Benjamini and Hochberg argue that controlling the familywise error is not as comprehensive a response to 

as management of what they term the ‘false discovery rate’: the expected portion of errors among the 

rejected hypotheses.  Nakagawa (2004: 1045) similarly argues, “If research involves a large number of 

variables, controlling ‘false discovery rate’ … provides a much better compromise between Type I and 

Type II errors when multiple testing is necessary”.   

Silverstein (1986) shows that increasing the sample size is a more robust method of minimising false 

discovery than adjusting the accepted significance levels.  Perneger (1998) argues that simply describing 

what was done, and why, and discussing the possible interpretations of each result should enable the 

reader to reach a reasonable conclusion without the help of a Bonferroni adjustment.  This is the approach 

used in this thesis.  It is consistent with the views of Nakagawa (2004), Jennions and Møller (2002 a,b), 

Benjamini and Hochberg (1995) and (Cohen, 1990) and Silverstein (1986).  
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Discriminant Function Analyses 

In addition to simply identifying the constructs that influence household adoption, it is useful to gain an 

appreciation of how well these constructs are able to effectively discriminate between Adopters and 

Nonadopters.  Research Aims 3 and 4 concern the efficacy of the EM and DI perspectives, respectively.  

Research Aim 5 concerns the efficacy of the proposed theoretical synthesis relative to the efficacy of the 

EM and DI perspectives.  Therefore, the latter three of the five stated Research Aims of this thesis are of 

interest in connection with the solutions obtained through discriminant function analyses. 

Three discriminant function analyses (DFAs) are required to confirm the efficacy of the proposed synthesis 

of EM and DI perspectives.  The first DFA use the subfactors derived only from the EM perspective.  The 

second DFA uses the subfactors derived only from the DI perspective.  These allow a baseline for 

comparison with the third DFA, which concerns a synthesis of the EM and DI factors.  For the theoretical 

synthesis to have empirical value, the DFA based on the synthesis needs to outperform the DFA baselines 

from both of the original theoretical perspectives. 

Discriminant analysis has two steps.  First, an F test (Wilks' lambda, λ) is used to test if the discriminant 

model as a whole is significant.  Wilks’s lambda is the pooled ratio of error variance to effect variance plus 

error variance.  If λ is significant, then the subfactors are assessed to see which differ significantly in 

mean by group.  It is the significant subfactors that contribute to the discriminant solution and only these 

are then used to classify the dependent variable (Adopter/Nonadopter).  

Research Aim 3. To evaluate the capacity of the EM perspective to explain household adoption of RH 
systems.  

The first DFA was calculated on the subfactors derived from each of the theorised variables in the EM 

perspective.   For the first set, the test of the DFA was statistically significant (Wilks’ Lambda λ = 0.647, 

Chi-Square χ2 =54.212, df  = 15, p < 0.000), showing that the principles of the EM perspective can be 



 369 of 457 

applied to usefully discriminate between Adopters and Nonadopters.  83.6% of cases were grouped 

correctly from the EM-derived variables, and 75.4% of cross validated cases grouped correctly classified 

using the DFA ‘left one out’ procedure.  Leave-one-out is a form of cross-validation in which each case is 

classified using a discriminant function based on all cases except the given case. This is thought to give a 

better estimate of what classification results would be in the population. 

With the non-significant subfactors removed, Wilks’ Lambda λ = 0.697 (Chi-Square χ2 =50.734, df  = 7, p 

< 0.000).  76.7% of cases were grouped correctly from the refined EM-derived variables, and 72.6% of 

cross validated cases grouped correctly classified using the DFA ‘left one out’ procedure.  This is the 

baseline performance of the EM perspective.  A single function with an eigenvalue of 0.435 explains 100% 

of this variance, with the unstandardised canonical discriminant functions at group centroids 0.509 for 

Adopters and -0.842 for Nonadopters.  Predicted and actual group membership classifications from the 

DFA for the EM derived subfactors are shown in TABLE 7.37.   

TABLE 7.37: Predicted and actual group classifications with ecological modernisation subfactors. 
 
    Predicted Group Membership 
  Adopter Nonadopter 

 

Discriminant Function Analysis Adopter 84.6% 15.4% 
Nonadopter 36.4% 63.6% 

Cross checking (left one out method) Adopter 80.2% 19.8% 
Nonadopter 40.0% 60.0% 

Box's M test of equality of covariance matrices was also significant, Box’s M = 59.797 (F (28, 45909) = 

2.015, p = 0.001).  Box’s M is a sensitive statistic, which Garson (2008) reports as an artefact of large 

sample size, i.e., where sample size is large, even small differences in covariance matrices may be found 

significant by Box's M, when in fact no substantial problem of violation of assumptions exists.  Dissimilar 

log determinants associated with Box’s M indicate a violation of the assumption of equal variance 

covariance matrices, leading to greater classification errors (specifically, DA will tend to classify cases in 

the group with the larger variability).  However, if the log determinants of the covariance matrices are 

similar, then a significant Box's M for a large sample is usually ignored. In the case of the EM derived 
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subfactors, the log determinants are similar (-4.135, -6.886).  At any rate, discriminant function analysis is 

robust even when the homogeneity of variances assumption is not met, provided the data do not contain 

important outliers (Garson, 2008).   

In a deeper response to Research Aim 3, it is observed that four of the five theorised constructs derived 

from the EM perspective are represented.  The Environment constructs were not significant in this solution 

(meaning it does not help to discriminate between Adopters and Nonadopters).   

Seven subfactors derived from these theorised constructs are represented in the solution.  Respectively, 

these are: from the Cost and Economy construct, (1) ‘developing RH on a budget to offset future water 

costs’ and (2) ‘perception of the value of the RH investment’; from the Governance and Regulation 

construct, (3) ‘rebates are a strong positive incentive to install RH’ and ‘(4) ’compliance and regulation 

hassles discourage RH adoption’; from the System Sophistication construct, (5) ‘standard filtration/ 

sterilisation to overcome health issues’ and (6) ‘lower order uses obviating advanced treatment needs’; 

and from the Technological Innovation construct, (7) ‘technological innovation is influential in household 

adoption’.  Many of these are quite specific issues relevant to the generalised constructs from which they 

are drawn. 

Eight subfactors derived from these theorised constructs are not represented in the solution.  With the 

exception of Environment, it is notable that five of the six were the lowest order subfactors within the 

theorised constructs.  The omitted subfactors are: from the Cost and Economy construct, (1) ‘the effect of 

upfront cost on RH component selection’; all three subfactors from the Environment construct, (2) the 

household role for minimising environmental impact, (3) RH adoption for environmental water shortage, 

and (4) the environmental consequences of human activity; from the Governance and Regulation 

construct, (5) ‘current levels of regulation are appropriate’ and ‘(6) ’support for mandated RH adoption’; 

from the System Sophistication construct, (7) ‘integration with household uses at potable standard’; and 

from the Technological Innovation construct, (8) ‘access to information about RH innovations’.  These are 

quite specific issues relevant to the generalised constructs from which they are drawn.  Whist it may be 
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theoretically anticipated that Environment should play a significant role in adoption, these data do not 

suggest it is particularly effective in discriminating between adoption conditions. 

Overall, the significance of Cost and Economy as an issue (all three subfactors are included in the 

solution) confirms the ABS 4602.0 (2004) finding of cost as the primary inhibitor of household RH 

adoption.  However, the present analysis moves beyond this to recognise the impacts not simply of 

‘upfront costs’, but of the ongoing economy enabled by RH installation and the perception of household 

RH as an investment as significant factors in the adoption decision. 

The DFA revealed that Governance and Regulation plays a significant role, with RH rebates (as expected) 

a significant motivator for household RH adoption, and the impacts of regulation and compliance a 

significant inhibitor.  The proportion of households (≈ 20% in the present analysis) avoiding Council or 

Queensland Government scrutiny of RH installations signifies two issues.  First, if government seeks to 

assert some level of control over RH installations, the present compliance and regulation regime for 

household RH is not only ineffective, but is herein empirically identified as part of the problem.  Second, 

the demonstrated reliance of government reporting and policy decision making on the compromised data 

sets of those households which have registered compliant RH installations is likely (a) to be fundamentally 

flawed, and (b) to have missed the segment of the population which presents the greatest concerns to 

effective governance of RH. 

The System Sophistication construct shows that all household RH systems ‘are not created equal’.  

‘standard filtration/sterilisation to overcome health issues’ and ‘lower order uses obviating advanced 

treatment needs’ were the two subfactors appearing in the solution.  These subfactors represent the 

characteristics advanced by respondents of their own RH systems, with the third subfactor omitted in the 

solution pertaining to household integration of the RH system at potable standard.  This is an important 

finding that serves two functions.  First, it provides further insight to the existing community awareness of 

potential health issues in connection with the ingestion of rainwater.  Second, it demonstrates community 

recognition that the most fundamental RH installation suitable for garden and other external (nonpotable) 
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uses is clearly differentiated from higher order uses that require appropriate treatment.  While connected 

with System Sophistication, the Technological Innovation construct subfactor in the solution showed that 

‘technological innovation is influential in household adoption’.   

This process was repeated for DI, with the DFA calculated on the subfactors derived from each of the 

theorised variables in the DI perspective.    

Research Aim 4. To evaluate the capacity of the DI perspective to explain household adoption of RH 
systems.  

With all of the subfactors derived from the DI perspective included in the model, the test of the DFA was 

statistically significant (Wilks’ Lambda λ = 0.595, Chi-Square χ2 =68.393, df = 17, p < 0.000), showing that 

the principles of the DI perspective can be applied to usefully discriminate between Adopters and 

Nonadopters.  89.9% of cases were grouped correctly from the DI-derived variables, and 79.7% of cross 

validated cases grouped correctly classified using the DFA ‘left one out’ procedure.   

With the non-significant subfactors removed, Wilks’ Lambda λ = 0.630 (Chi-Square χ2 =71.957, df  = 9, p 

< 0.000).  81.5% of cases were grouped correctly from the refined DI-derived variables, and 77.2% of 

cross validated cases grouped correctly classified using the DFA ‘left one out’ procedure.  This is the 

baseline for household RH adoption explained by the DI perspective.  A single function with an eigenvalue 

of 0.588 explains 100% of this discriminant function, with the unstandardised canonical discriminant 

functions at group centroids -0.562 for Adopters and 1.035 for Nonadopters.  Box's M (test of equality of 

covariance matrices) was also significant, Box’s M = 91.970, (F (45, 45275) = 1.906, p < 0.000).  The log 

determinants are similar (-7.033, -9.264).  Predicted and actual group membership classifications from the 

DFA for the DI derived subfactors are shown in TABLE 7.38.   

In a deeper response to Research Aim 4, it is observed that seven of the nine theorised constructs derived 

from the DI perspective are represented in the discriminant solution. The Image construct and the Visibility 

construct were not represented.   
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TABLE 7.38: Predicted and actual group classifications with diffusion of innovation subfactors. 
 
    Predicted Group Membership 
  Adopter Nonadopter 

 

Discriminant Function Analysis Adopter 88.6% 11.4% 
Nonadopter 31.6% 68.4% 

Cross checking (left one out method) Adopter 84.8% 15.2% 
Nonadopter 36.8% 63.2% 

 

Nine subfactors derived from these theorised constructs are represented in the solution.  Respectively, 

these are: from the Community construct, (1) ‘Our household is a community leader in RH adoption’ and 

(2) ‘RH is becoming part of our community’; from the Compatibility construct, (3) ‘globalised compatibility’; 

from the Ease of Use construct, (4) ‘simplicity and convenience of RH use’ and (5) ‘chreseological impacts 

of component technologies’; from the Experience construct, (6) ‘experience as it is important to the 

adoption decision making’; from the Independence construct, (7) ‘we want water that is natural, with no 

artificial influence’; from the Relative Advantage construct, (8) ‘globalised advantages of RH’; and from the 

Voluntariness construct, (8) ‘a combination of pressure and voluntariness is important’.  Many of these are 

globalised issues relevant to the general constructs from which they are drawn. 

Eleven of the subfactors derived from these theorised constructs are not represented in the solution.  The 

omitted subfactors are: from the Community construct, (1) ‘RH is front of mind in our community’; from the 

Compatibility construct, (2) ‘globalised compatibility’; from the Ease of Use construct (3) ‘simplicity and 

convenience of RH use’; from the Experience construct, (4) ‘actual household experience of RH’; from the 

Image construct, (5) ‘image associated with RH adoption’; from the Independence construct, (6) ‘RH 

provides control and independence of supply’, (7) ‘we should be able to consume all the water that we 

want’ and (8) ‘we will disregard water restrictions for our own needs’; from the Relative Advantage 

construct, (9) ‘RH versus alternative water supply technologies’; from the Visibility construct, (10) ‘the 

effect of visibility on RH adoption’; and from the Voluntariness construct, (11) ‘household sovereignty of 

the RH adoption decision’. 

Overall, Compatibility as a construct reflected the concatenation of attitudinal and physical issues in the  
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original DI operationalisation.  To be candid, it was anticipated that that these elements could be 

separated.  However, each of the subfactors included elements of both, and one subfactor was retained in 

the DFA solution, while the other was lost.  A conclusion was drawn from these data that aspects of the 

physical compatibility of RH adoption are inextricably linked with household attitudes.  Similarly, subfactors 

in the Ease of Use reflected that the chreseological impacts of RH technologies play a role in their 

selection, though RH was generally regarded as simple and convenient by both Adopter and Nonadopter 

households. 

Household experience with RH was not shown to significantly discriminate between the Adopter 

conditions, though the role of experience as it affected the adoption decision did. 

The Image that may be obtained through RH adoption (perhaps as kudos for demonstrably manifesting 

pro-environmental values) was not significant in discriminating between the Adopter conditions. 

Independence would, in the original operationalisation of DI, be subsumed under Relative Advantage.  

While recognition of RH as an independent supply and household subversion of water restrictions were 

not significant in discriminating between the Adopter conditions, the household ‘right’ to consume and 

current and future Government action on the mains water supply (introducing chlorination, purified 

recycled water) did provide discrimination.   

Relative Advantage was the most deconstructed of the original DI operationalisations for the current 

analysis.  While some globalised advantages were retained, the general emphasis shifted to consider RH 

versus alternative water supply sources.  Ironically, the globalised advantages provided discrimination 

between the Adopter conditions, though direct comparison of RH with alternative supply sources did not 

provide discrimination, since both conditions valued RH more highly. 

Visibility was not retained in the discriminant function.  Adopters may have contributed to the visibility of 

RH systems, but themselves adopted before RH systems elsewhere were broadly visible to their own 
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household. The visible presence of RH systems elsewhere, by itself, was insufficient to motivate RH 

adoption by Nonadopter households. 

Voluntariness was significant in the discriminant function, with Nonadopters more adamant that the 

household retain sovereignty of the RH adoption decision and that voluntariness was an important issue in 

ensuring effective maintenance. 

The third and final DFA evaluates the performance of a synthesis of the EM and DI perspectives.  In 

connection with Research Aim 5, the result from the third DFA is compared with the separate efficacy 

baselines established for EM and DI. 

Research Aim 5. To evaluate the capacity of a proposed synthesis of EM and DI perspectives to explain 
household adoption of RH systems.  

The third DFA was calculated on the dummy variables derived from each of the theorised variables in both 

the EM and DI perspectives.   For the first set, the test of the DFA was statistically significant (Wilks’ 

Lambda λ = 0.414, Chi-Square χ2 =70.181, df = 35, p < 0.000), showing that the principles of the DI 

perspective and the principles of the EM perspective can be applied to usefully discriminate between 

Adopters and Nonadopters.  87.9% of cases were grouped correctly from the EM-derived variables, and 

73.7% of cross validated cases grouped correctly classified using the DFA ‘left one out’ procedure.  Even 

without further refinement, this in toto synthesis more effectively discriminates between Adopters and 

Nonadopters on the basis of the principles of the combined theoretical perspectives.  Box's M was also 

significant Box’s M = 1588.107 (F (630, 16606) = 1.400, p < 0.000).  In this case, the log determinants are 

not regarded as similar (-40.016,  -77.636) indicating violation of the homogeneity of variances 

assumption.  However, further refinements are available to this synthesis.   

This is a good point to consider other checks and balances necessary to the final DFA process.  First, data 

must show an absence of perfect multicollinearity, and low multicollinearity of the independents. To the 

extent that independents are correlated, the standardized discriminant function coefficients will not reliably 



376 of 457 

assess the relative importance of the predictor variables. When assessing the correlation matrix for 

multicollinearity, a rule of thumb is no r > .90 and not several > .80.  The highest intercorrelation across the 

33 subfactors is 0.476.  Finally, no independents are nonlinear, and the problem of additivity was avoided  

by recoding the subfactor scales as dummy variables.  These assumptions are met.  Finally, it is a 

common and inevitable methodological consequence of cross-sectional case studies (which should be 

acknowledged, nonetheless), that the excellent classifications obtained from the DFA may be inflated 

since the classification is demonstrated using the same data set was used to create the functions. 

With the non-significant subfactors removed, Wilks’ Lambda λ = 0.504 (Chi-Square χ2 =74.938, df = 17, p 

< 0.000).  89.2% of cases were grouped correctly, and 84.2% of cross validated cases grouped correctly 

classified using the DFA ‘left one out’ procedure.  Predicted and actual group membership classifications 

from the DFA for the combination of EM and DI derived subfactors are shown in TABLE 7.79.  Box's M 

(test of equality of covariance matrices) was again significant, Box’s M = 290.480 (F (153, 25642) = 1.577, 

p < 0.000), though in this case the log determinants are more similar (-14.839, -23.187).  A single function 

with an eigenvalue of 0.983 explains 100% of this variance, with the unstandardised canonical 

discriminant functions at group centroids -0.748 for Adopters and 1.292 for Nonadopters.   

TABLE 7.39: Predicted and actual group classifications with combined EM and DI subfactors. 
 
    Predicted Group Membership 
  Adopter Nonadopter 

 

Discriminant Function Analysis Adopter 90.8%   9.2% 
Nonadopter 13.6% 86.4% 

Cross checking (left one out method) Adopter 85.5% 14.5% 
Nonadopter 18.2% 81.8% 

This represents an overall improvement of 16.3% on the discriminant function based on EM subfactors 

and 9.4% on the discriminant function based on the DI subfactors.  The cross checking analysis 

represents an overall improvement of 16.0% on the cross checking based on the EM subfactors and 9.1% 

on the cross checking based on the DI subfactors.  

Moreover, TABLES 7.37, 7.38 and 7.39 together show that for each individual cell within the overall  
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classification procedure, the synthesis of EM and DI subfactors produced greater congruity in the 

predicted and observed classifications for group membership than the classifications based on either the 

EM or DI subfactors alone.  This means that the theoretical synthesis not only provides a better overall 

result in terms of its discriminant power, but also better results when Adopters and Nonadopters are 

considered separately. 

This discriminant function empirically confirms the intuitive value invested in the decision to integrate the 

EM and DI perspectives.  In a deeper response to Research Aim 5, ten of the fourteen theorised 

constructs used in the synthesis of the two perspectives are represented in the discriminant function.  All 

of the EM variables are included, and five of the eight DI variables.  Experience, Image and Visibility are 

excluded.  Whereas factor analyses based on the original DI perspective were almost wholly reliant on the 

loading from Rogers’ Relative Advantage construct, this analysis shows that more fine-grained 

understanding of issues in household RH adoption is obtained through the specific contributions obtained 

from expanded analysis of the DI perspective and particularly in its integration with the EM perspective. 

TABLE 7.40: Structure matrix for the discriminant function of the synthesis of ecological modernisation and 
diffusion of innovation. 

 
Structure Matrix for Discriminant Function of EM/DI Synthesis 

Loading Variance              Subfactor definition                                                 Derivation      p      Homogeneity (δ) 
 

0.499 24.9%   Simplicity and convenience of RH use DI 0.000 0.59 
-0.477 22.8%   Technological innovation is influential in household adoption EM 0.000 0.65 
0.452 20.4%   Our household is a community leader in RH adoption EM 0.000 0.85 

-0.423 17.9%   Standard filtration/sterilisation to overcome health issues EM 0.000 0.79 
0.412 17.0%   Globalised advantages of RH DI 0.000 0.65 

-0.315 9.9%   Developing RH on a budget to offset future water costs EM 0.001 0.89 
0.288 8.3%   Globalised compatibility (physical and psychological) DI 0.002 0.66 

-0.271 7.3%   We want water that is natural, with no artificial influence DI 0.004 1.02 
-0.257 6.6%   Lower order uses obviating advanced treatment needs EM 0.007 0.74 
0.251 6.3%   RH is becoming part of our community EM 0.008 0.70 

-0.215 4.6%   Perception of the value of the RH investment EM 0.022 0.88 
-0.214 4.6%   Compliance and regulations are inhibitive but important EM 0.023 0.70 
-0.191 3.6%   RH adoption for environmental water shortage EM 0.042 0.78 
-0.191 3.6%   A combination of pressure and voluntariness is important DI 0.042 0.80 
-0.189 3.6%   Rebates are a strong positive incentive to install RH EM 0.044 0.91 
0.167 2.8%   Support for mandated RH adoption EM 0.075 0.79 

-0.151 2.3%   Chreseological impacts of component technologies DI 0.106 0.81 
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The structure matrix for the discriminant function is enumerated by pooled within-groups correlations 

between discriminating variables and the standardized canonical discriminant function.  A discriminant 

function score for an individual case is predicted by the sum of the series of predictors, each weighted by 

a coefficient.  TABLE 7.40 presents the structure matrix for the discriminant function based on the EM/DI 

synthesis.  Variables are named, and ordered by absolute size of correlation within function.   

Tabachnick and Fidell (2007: 400) report that though consensus is lacking, the convention for a 

correlation’s ‘eligibility for interpretation’ is 0.33 (10% of variance).  This convention would exclude 12 of 

the 17 significant subfactors.  Moreover, a hypothetically equal weighting spread over the 17 subfactors 

provides a mean contribution to the variance of 5.88% for each subfactor, obviously below this 10% level. 

However there are some issues with respect to correlations with a discriminant function that challenge this 

convention.  First, Thomas (1992), in a review of the relevance of structure coefficients to variable 

selection, argued that since structure coefficients are defined as within group correlations, “It seems 

paradoxical to try to identify an underlying construct, of interest because of its between-groups 

discriminatory power, using a correlation coefficient from which between-groups information has been 

removed.” (Thomas, 1992: 339).   

Second, Tabachnick and Fidell report that in the case of discriminant function analyses, where the sample 

is homogeneous with respect to the predictor (subfactor) “loadings for the predictor are lower and it may 

be wise to lower the criterion for determining whether or not to interpret the predictor as part of the 

discriminant function” Tabachnick and Fidell (2007: 401).  Standard deviation, a measure of the 

homogeneity of the sample, is provided in the last column of TABLE 7.40.  Tight standard deviations 

(mean = 0.76) show that 16 of the 17 subfactors exhibit notable homogeneity, whilst the remaining 

subfactor is essentially normal, with a deviation of 1.02.   

Tabachnick and Fidell (2007: 401) conclude that “In order to avoid overinterpretation, it is probably best to 

consider only predictors with F ratios significant after adjusting error for the number of predictors in the 
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set.”  The notion of ‘instability’ in DFA reflects that the subfactors in a discriminant function analysis 

interact with each other. Removing subfactors from the discriminant solution changes the loadings of the 

remaining subfactors.   

The last subfactor given in the optimal discriminant solution, ‘Chreseological impacts of component 

technologies’, became non-significant (p = 0.106) only with the removal of the other 18 subfactors.  Yet the 

‘Chreseological impacts’ subfactor boosted the optimal discriminant solution from grouping 87.8% to 

89.2% of cases correctly, boosted the grouping of cross validated cases correctly classified using the DFA 

‘left one out’ procedure from 82.9% to 84.2% and boosted the eigenvalue (showing the consolidated 

variance explained) from 0.883 to 0.983.  These data show why the ‘Chreseological impacts’ subfactor is 

retained in the optimal solution. 

On the combined basis of (a) the exploratory nature of this research, (b) Thomas’ (1992) argument, (c) the 

exhibition of subfactor homogeneity with respect to the predictors, (d) Tabachnick and Fidell’s conclusion 

to consider predictors with significant F ratios, and (e) optimising the discriminant solution, each of these 

seventeen significant Subfactors are retained in the discriminant function based on the combined EM and 

DI Subfactors.  Of these seventeen, eleven subfactors are drawn from EM constructs and six from DI 

constructs.   

From EM’s Cost and Economy construct, (1) ‘Developing RH on a budget to offset future water costs’ is 

relatively homogeneous (δ = 0.89).  This subfactor explains 9.92% of the variance in the DFA and has a 

negative loading of 0.315, showing ’, (2) ‘perception of the value of the RH investment’; from the 

Environment construct, (3) ‘RH adoption for environmental water shortage’; from the Governance and 

Regulation construct, (4) ‘rebates are a strong positive incentive to install RH’ (5) ‘compliance and 

regulations are inhibitive but important’ and (6) ‘support for mandated RH adoption’; from the System 

Sophistication construct’, (7) ‘standard filtration/sterilisation to overcome health issues’ and (8) ‘lower order 

uses obviating advanced treatment needs’; from the Technological Innovation construct, (9) ‘technological 

innovation is influential in household adoption’; from the Community construct, (10) ‘our household is a 
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community leader in RH adoption’ and (11) ‘RH is becoming part of our community’; and from DI’s 

Compatibility construct, (12) ‘globalised compatibility’; from the Ease of Use construct, (13) ‘simplicity and 

convenience of RH use’ and (14) ‘chreseological impacts of component technologies’; from the 

Independence construct, (15) ‘we want water that is natural, with no artificial influence’; from the Relative 

Advantage construct, (16) ‘globalised advantages of RH’; and from the Voluntariness construct, (17) ‘a 

combination of pressure and voluntariness is important’.   

Eighteen subfactors were not statistically significant in their capacity to discriminate between Adopter and 

Nonadopter respondents and are not included in the solution – seven drawn from EM constructs and 

eleven drawn from DI constructs.  The subfactors not included, respectively, are: from EM’s Cost and 

Economy construct, (1) ‘effect of upfront cost on RH components’; from the Environment construct, (2) ‘the 

household role for minimising environmental impact’ and (3) ‘the environmental consequences of human 

activity’; from the Governance and Regulation construct, (4) ‘current levels of regulation are appropriate’; 

from the System Sophistication construct’, (5) ‘integration with household uses at potable standard’; from 

the Technological Innovation construct, (6) ‘access to information about RH innovations’; from the 

Community construct, (7) ‘RH is front of mind in our community’ and from DI’s Compatibility construct, (8) 

‘globalised compatibility’; from the Ease of Use construct, (9) ‘simplicity and convenience of RH use’; from 

the Experience construct, (10) ‘any experience relevant to RH’ and (11) ‘experience as it is important to 

the household adoption decision-making’; from the Image construct, (12) ‘image associated with RH 

adoption’; from the Independence construct, (13) ‘RH provides control and independence of supply’, (14) 

‘we should be able to consume all the water we want’ and (15) ‘we will disregard restrictions for our own 

needs’; from the Relative Advantage construct, (16) ‘RH versus alternative water supply technologies’; 

from the Visibility construct (17) ‘effect of RH visibility on adoption’; and from the Voluntariness construct, 

(18) ‘the household should have sovereignty over the RH adoption decision’.   

In a final comparative analysis, the DFA was run using only the ‘top five’ subfactors.  In order, these are: 

(1) Simplicity and convenience of RH use, (2) Technological innovation is influential in household 
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adoption, (3) Our household is a community leader in RH adoption, (4) Standard filtration/sterilisation to 

overcome health issues, and (5) Globalised advantages of RH. 

Box's M was also significant, Box’s M = 26.202 (F (15, 57898) = 1.680, p = 0.047).  The log determinants 

are similar (-4.608, -5.078).  Wilks’ Lambda λ = 0.613 (Chi-Square χ2 =74.056, df = 5, p < 0.000).  85.3% 

of cases were grouped correctly, and 84.6% of cross validated cases grouped correctly classified using 

the DFA ‘left one out’ procedure.  A single function with an eigenvalue of 0.630 explains 100% of this 

variance, with the unstandardised canonical discriminant functions at group centroids -0.607 for Adopters 

and 1.025 for Nonadopters.  Predicted and actual group membership classifications from the DFA for the 

combination of EM and DI derived subfactors are shown in TABLE 7.81.   

TABLE 7.41: Predicted and actual group classifications with the ‘top five’ EM and DI subfactors. 
 
    Predicted Group Membership 
  Adopter Nonadopter 

 

Discriminant Function Analysis Adopter 89.8%  10.2% 
Nonadopter 22.4% 77.6% 

Cross checking (left one out method) Adopter 88.8% 11.2% 
Nonadopter 22.4% 77.6% 

This final comparative analysis confirms the value of the optimised discriminant function (17 subfactors).  

When the optimised solution is compared with this comparative solution there is a corresponding drop of 

9.6% of cases that are grouped correctly (85.3%/89.2%), a moderate increase of 0.4% in the ‘left one out’ 

cross-checking analysis (84.6%/84.2%) and a corresponding drop in the eigenvalue (showing the 

consolidated variance explained) from 0.983 to 0.630.  The observations of Thomas (1992) and 

Tabachnick and Fidell (2007) are confirmed in the present analysis and have demonstrably contributed to 

the optimisation of the discriminant function.   
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Conclusions on RH Adoption Decision Making 

23.5% of Adopters identified that the household RH system adoption was involuntary.  This was due to 

three factors: no access to mains water (6.5%), pre-existing RH installation (14.5%) and non-resident 

owner adoption decision (2.5%).  Only a single respondent (0.5%) reported that they would not have 

voluntarily adopted a RH system.   

Both EM and DI perspectives were successful in identifying the issues that are influential on voluntary 

household RH adoption.  54% of respondents cited factors derived from the DI perspective among the 

most significant influences on the household RH adoption decision.  39% cited factors derived from the 

EM perspective among the most significant influences on the household RH adoption decision.  45% of 

respondents identified Independence, developed from analyses of the pilot data, among the most 

significant influences on the household RH adoption decision.   

The relative dominance of the DI perspective is attributable to two issues, notwithstanding its value as a 

framework for understanding adoption.  First, it is observed that DI has as its focus the meaning of RH at 

the household ‘actor’ level.  It is reasonable that the issues closest to the household figure most 

prominently in household decision making.  Second, while Independence was not identified in DI literature 

as a contributing issue, it is broadly coherent with the original operationalisation of Relative Advantage 

used in the DI perspective and in the final analysis, Independence is included as a discrete construct 

among other DI constructs for its simpatico with Rogers’ original operationalisation of Relative Advantage. 

Overall, the influences identified as most significant to a voluntary household RH adoption decision are 

Cost and Economy (50% overall, 45% for Adopters, 75% for Nonadopters); the Relative Advantages of RH 

compared with other water supply technologies (45% overall, 55% for Adopters, 45% for Nonadopters); 

Independence from the mains water supply obtained through household RH adoption (44% overall, 60% 

for Adopters, 33% for Nonadopters); and Environmental concerns (43% overall, 47% for Adopters, 51% 

for Nonadopters).   
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A synthesis of the two perspectives was more effective in explaining the issues in household adoption 

than either EM or DI alone.  Overall, 100% of the influences cited or nominated by respondents as 

influential on voluntary RH adoption were explained by the synthesised perspective. 

Both EM and DI perspectives were successful in discriminating between Adopters and Nonadopters in 

terms of the constructs posed in the perspective as influential on adoption.  Discriminant functions show 

that subfactors derived from the EM constructs correctly discriminated 81.4% of respondents.  Subfactors 

derived from the DI constructs correctly discriminated 79.3% of respondents.   

The synthesised perspective was more effective in discriminating between Adopters and Nonadopters, 

with 89.2% of respondents correctly sorted by the discriminant function analysis based on the synthesised 

perspective.  This result confirms that in addition to the conceptual remediation of weaknesses identified in 

the component theoretical perspectives, the synthesised perspective is empirically superior.   

Understanding the issues that influence household adoption of rainwater harvesting systems is sensibly 

addressed by the integration of EM and DI perspectives as it is provided in the Decentralised 

Environmental Technology (DETA) Model developed in this thesis. 
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CHAPTER 8: DISCUSSION 

 

Chapter Overview 

“Public problems must be solved at least tentatively to be understood” (Wildavsky 1987: 15).   

This thesis seeks to make a contribution to a more sustainable future by advancing the Decentralised 

Environmental Technology Adoption (DETA) Model.  The DETA model as it is applied to rainwater 

harvesting (RH) in this thesis appears a cogent account of the issues that influence RH adoption at the 

household level.  Nonetheless, the challenges of sustainability are Sisyphean.  Recognising that 

sustainability is a long-term strategic objective and that positive outcomes will be achieved by a lot of small 

actions is a useful starting point.  Action and thought are key elements and, as Wildavsky alludes, 

progress is likely to be achieved through their cyclic iteration.   

In framing this research, emphasis was given to recognising the impact of systemic factors through the 

ecological modernisation perspective as well as to the idiosyncrasies of household decision makers through 

the diffusion of innovation perspective.  The way in which values and actions at the household level have 

been shaped by the context is reflected in the relative impacts of the constructs derived from the systemic 

ecological modernisation perspective.  In something of an epilogue, the Discussion opens with a review of 

the context in which households found themselves through the period of this research.  This is an important 

consideration since a context is not static.  It is not simply the context per se, but also the transformational 

nature of the context that is reflected in this research.   

Subsequently, applications of the research findings are provided in action and conceptualisation formats.  

Although RH systems themselves are decentralised, a centralised influence is retained by government 

through its exercise of governance mechanisms.   One key expectation of this research was to provide 
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evidence whether RH adoption was a useful form of mains water demand management, and if so, evidence-

based strategies for facilitating further RH adoption.  The key action outcome of this research recognises the 

effectiveness of decentralised RH as a water supply augmentation and concerns the articulation of proposals 

for governance reforms that support further and more effective diffusion of RH systems.   

Second, the broader outcomes for advancing understanding systems of provision based on decentralised 

environmental technologies are considered.  The DETA Model provides a valuable alternative lens to the 

sober frame of the Risk Society perspective and to parallel research by the CSIRO on community 

acceptance of alternative water supply technologies.  The most important aspects of the DETA Model in this 

regard are that it recognises plurality of actors and of actions.  It therefore provides a more comprehensive 

framework and correspondingly finer-grained detail in identifying the issues that influence household 

rainwater harvesting specifically - and the sustainability agenda more broadly.   
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In Review: A Dynamic Research Context 

CSIRO social scientist, Geoff Syme, wrote recently: “Thirty years of experience with community-based 

research have led to an observation that, given a facilitative environment, the community is often prepared 

to make choices which are decidedly more innovative than those currently being made on their behalf” 

(Troubled Waters, Chapter 6, Sustainability in urban water futures).   

It is evident through this research that many households have found the environment sufficiently ‘facilitative’.  

One key expectation of this research was to provide evidence whether RH adoption was a useful form of 

mains water demand management, and if so, evidence-based strategies for facilitating further RH adoption.  

A simple question with a more complex answer, households have taken the initiative upon themselves and 

turned to RH in their own pursuit of the complex balance between growing pressure for more sustainable 

action and satisfaction of their own resource demands.  This research has also shown that a majority of the 

households that adopted RH systems did so for a range of factors beyond any government actions - and 

even to secure household independence from government actions - which participants frequently regarded 

as a failure of planning.  This is evident in their written responses on issues like supply forecasting, demand 

management through water restrictions and the introduction of alternative supply technologies like purified 

recycled water.   

Household RH adoption has become an ascendant social issue since the 2004 ABS 4602.0 survey.  

Household RH adoptions have burgeoned in South East Queensland in the last few years, with an 

estimated penetration of household RH system adoptions now around 40%, up from 8% in 2004.  Data 

obtained in this thesis research show only 18.6% of surveyed households had not considered RH installation, 

compared with the 61% of households identified in the ABS survey.  Furthermore, only 8.2% of surveyed 

households had actively rejected RH adoption, compared with 31% in the ABS survey.  In the data obtained 

in this thesis, active rejection of RH is now just a quarter of the 2004 ABS survey benchmark, and non-

consideration of RH adoption is less than a third.  While the ABS does not report on Nonadopter households  
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with an interest in RH, the present data show 44.3% of Nonadopters were ‘extremely interested’ and 22.9% 

were ‘somewhat interested’ in RH.   

On May 13, 2008 Minister for Natural Resources and Water, Mr Wallace said: "It appears that people who 

wanted a rainwater tank now have one” (Queensland Government Ministerial Media Statements id = 58020).  

On the contrary, there is clearly a window of opportunity to facilitate further diffusion of RH adoption. The 

transformation of community attitudes toward RH adoption has not occurred in a vacuum, and much has 

changed in the period of this research.  Given the perilous nature of regional water supply and demand 

issues through the period of this research, and the ascendant awareness of RH as a potential resource, this 

discussion chapter would be lax to omit a review of the evolving context.  To summarise briefly: 

• The regional drought continued until August 2007, when it effectively broke and dam levels again 
began to rise from a low of 17% capacity at Wivenhoe, the main storage.  It seemed a genuine but 
unthinkable risk that the state capital would run out of water. 

• The Queensland Government response to the water crisis comprised several elements.  Perhaps most 
noticeable at the household level, water restrictions were progressively tightened to 140 L/p/d – less 
than half the average consumption at 2006.  In October 2008, water consumption exceeded the 140 
L/p/d mark for the first time in 63 weeks, at 144 L/p/d – but still well below a revised regional daily target 
of 170 L/p/d (Queensland Water Commission, 2008).   

• The Home Waterwise Rebate Scheme was implemented on July 1, 2006, providing rebates for a range 
of water saving measures, including RH installation rebates.   

• In January 2007 the Queensland Development Code became operational, mandating RH installations 
on new dwellings.   

• Working in collaboration with other levels of government and the private sector, the Queensland 
Government programmed infrastructure assets projected to deliver an additional 68,620 GL to the 
region’s annual reticulated supply, though these would not be fully operational until 2012 (Lacey, no 
date).   

The scope of these pressures on household water supply in such a compressed period is extraordinary.  

In this context, households rose to the challenges pressed against them.  Some households did ‘more with 

less’ while others sought to ‘expand the limits’ on their consumption by adoption of alternative sources to 

supplement the mains water supply - mainly RH and bores. 
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In CHAPTER 1, questioning whether water consumption was couched in physical need or cultural terms, 

household water consumption was compared across OECD countries.  With significant consumption 

differences evident across countries, the possibility and desirability of a transformation of household 

water-use culture was mooted, though it was also recognised as a significant challenge.  At 2008, in line 

with regional water restrictions, household water consumption drawn from the mains supply in the south 

east Queensland region had fallen to a consistent level just under 140L/p/d – less than half of the 

consumption two years earlier.  The low consumption target was maintained for 63 consecutive weeks, 

breaking only when the Queensland Water Commission lifted restrictions to 170 L/p/d. Nothing short of a 

cultural transformation has taken place. 

Water restrictions are difficult to enforce in practice.  Though local Councils’ water officers ‘patrolled’ the 

streets, surreptitious watering outside the home is easily done, and any water use inside the home is 

beyond the scope of such inspection.  Among other water misdemeanours, reports of residents filling 

rainwater tank from the mains supply surfaced during the research, presumably so that it appeared 

harvested rain was used for watering.  Community sentiment became quite charged.  In 2006, Gold Coast 

residents protested the easing of water restrictions.  Sadly, a Sydney man was charged with murder after 

killing a man during a fight over water restrictions in October 2007 (ABC, 2007). 

In fact, only 10.7% of RH Adopters and 11.7% of Nonadopters surveyed reported that they had disregarded 

water restrictions (81.8% of Adopters and 85.1% of Nonadopters reported observing all water restrictions). 

The cultural transformation demonstrated in south east Queensland households shows that households 

have taken the mantle of responsible water use upon themselves. 

By 2006, in response to constituency demand, every regional Council was offering a household RH rebate 

of some sort.   However, by mid 2007, several Councils had started to phase out RH rebate programs – 

reportedly because of the costs associated with their popularity.  Similarly, with deeper pockets than 

Councils, Queensland Government investment in the Home Waterwise Rebate Scheme (HRWS) program 

was little short of astonishing.  The HWRS program was initially budgeted at $29 million, though that cap 
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was almost immediately abandoned.  83% of the HWRS funding is absorbed by RH installations, with the 

majority of the balance comprised of rebates for water efficient devices, namely washing machines and 

dual flush toilets.  At October 2008, more than 241,000 Queensland households had received Queensland 

Government RH rebates at a cost of almost $240 million.  A further 10,000 applications were unprocessed 

at that time.  In November 2008 the Queensland Government terminated the HWRS program. 

TABLE 8.1 shows the HWRS uptake data for the LGAs of South East Queensland.  Note that these are 

the same geographical areas surveyed in the research.  In March 2008, Local Government Reform 

Commission proposals were accepted by the Queensland Government, transforming the regional 

governance structure.  Redcliffe City Council and Beaudesert Shire Council were subsumed into larger 

regional Councils (Moreton Bay and Scenic Rim, respectively) through this process. 

TABLE 8.1: Home Waterwise Rebate Scheme (3/7/2006 – 31/10/2008). 
                    Source: Department of Natural Resources and Water 
 

 RH System (separate) RH System (plumbed in) Greywater System 
 number rebate value number rebate value number rebate value 
Brisbane 88,470 $85,970,101 2,553 $3,724,629 1,666 $71,906 
Ipswich 14,051 $13,469,966 109 $157,873 215 $9,397 
Moreton Bay 31,645 $31,133,409 270 $397,934 358 $11,108 
Scenic Rim 4,946 $4,901,170 17 $25,276 24 $2,661 
Toowoomba 11,439 $11,180,880 165 $241,879 82 $5,150 
Total 150,551 $146,655,526 3,114 $4,547,591 2,345 $100,222 

Queensland Government water supply infrastructure projects in this period addressed the construction of 

a Water Grid (see FIGURE 8.1) comprising more than 450 kilometres of pipeline to interconnect existing 

reservoirs with new sources of supply, upgrades of existing dams and two new dams, a desalination plant 

and three advanced wastewater treatment plants, and featuring the introduction of purified recycled water 

to the mains supply a key component of the strategy.   
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FIGURE 8.1: The SEQ Water Grid. 
                      Source: http://www.seqwgm.qld.gov.au/WGM-CorporateProfile-Web.pdf 
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The Queensland Government abandoned a proposed referendum on the purified recycled water project, 

explaining that that the Queensland Water Commission had given ‘compelling advice’ that the supply 

situation was so dire that purified recycled water ‘is no longer an option, we have no choice’.  In 2006 the 

Australian Associated Press reported that “more than 61 per cent of residents in south-east Queensland 

have rejected using recycled sewage for drinking water”, though the Queensland Government remains 

“committed to water recycling despite public rejection” (AAP, 2006).  However, sustained public opposition 

told on the political decision making environment.  In December 2008 the Queensland Government 

shelved the introduction of purified recycled water to the mains supply, explaining that that the Queensland 

Water Commission had given ‘compelling advice’ that the supply situation no longer required 

supplementation by purified recycled water.  Ironically, in a political environment, public acceptance ‘is no 

longer an option, we have no choice’. 

With this policy backflip, it remains to be seen whether the massive investment in centralised water supply 

assets will fade to a white elephant.  The following section, regarding the policy proposals deriving from this 

thesis research, provides clear arguments that throughout this period of massively engineered Government 

investment, household adoption of RH systems has the upper hand on the triple bottom line – and so 

presents a more sustainable future. 

“Unfortunately, it appears, simplicity weighs against RWCS [RH systems] in a world that has grown to 

venerate bigness, sophistication, and hierarchy.  RWCS are simply too often ignored or uncritically 

dismissed. Such disparity is unfortunate for many reasons.  Large-scale solutions in water resources tend 

to be erroneously equated with physically large structures – reservoirs, waterways, levees, treatment 

plants. If scale is appraised by impact, however, large-scale solutions can also be achieved by dispersed, 

less obtrusive measures” (Heggen, 2000: 142).   



392 of 457 

Policy Proposals 

In response to the challenges of securing more sustainable water use, the Queensland Government and 

regional local governments have supported rainwater harvesting (RH) through financial means and social 

marketing programs.  Despite these investments, many commentators believe that government support for 

RH was fractional and inadequate.  In a governance and policy context characterised by an abiding 

proclivity for centralised and massively engineered solutions, the genuine effectiveness and sustainability 

of RH was underplayed.  Many government actions do seem to deliberately curtail the ability of households 

to make the most effective use of rainwater.   

To fully understand the emphasis in Queensland Government policy and programs it is critical to 

recognise that the primary RH initiative - the Queensland Government Home Waterwise Rebate Scheme 

(HWRS) - was completely unplanned, “a classic case of policy on the run” (Kel Holmes, HWRS Director, 

personal communication, October 2008).  The tragedy is the absence of a reasoned and informed 

consideration of RH in Queensland Government planning.   

If participants in this research are to be believed, how has the burgeoning household uptake of RH systems 

in South East Queensland contributed to understanding the challenges of achieving more sustainable water 

use?  On the basis of this thesis research, clear and robust findings on the issues influencing RH adoption 

in the south east Queensland community are presented as policy proposals for enhanced water supply 

security. 

Proposal One: Maintain rainwater harvesting system rebates indefinitely 

The triple bottom line methodology provides three genuinely strong reasons to maintain RH rebates 

indefinitely.  First, household RH adoptions are an inexpensive means for the Government to manage the 

supply-demand balance of water service provision.  Second, the environmental externalities of household 

RH adoption, though under-emphasised because of the focus on household decision-making in the current 



 393 of 457 

research, remain significant.  Third, RH enjoys robust community popularity, making it ‘politically viable’.  

Community demand for RH, and consequently for the HWRS remains strong.  Outcomes of this thesis 

research are used to explore each of these in closer detail.   

Economic Arguments 

At a cost of $11 billion, the Water Grid connecting each of the existing and proposed water infrastructure 

assets was projected to contribute 15% to existing supply.  The Queensland Water Commission (QWC) 

was contacted regularly over the last eighteen months to provide details of its cost/yield data, but the 

QWC failed to respond to telephone or written requests.  Nonetheless, extrapolation from Government 

documents accessed through the internet (e.g. Lacey, no date) show a cost/yield levelised over twenty 

years for the pipeline project in the order of $6.19/kL.  For the Western Corridor recycled water project the 

cost is $3.10/kL to $3.70/kL and for dual reticulation, $3.20/kL to $3.60/kL.  For the desalination plant the 

cost supplied to the Queensland Government is $2.50/kL to $3.50/kL.  The Queensland Government 

levelised costing documents costs place household RH adoption at $2.20/kL to $6.20/kL.   

By contrast, multiple proponents have advanced the favourable economics of household RH adoption.  It 

is not the aim of this research to exhaustively document the profound irregularities in the methodologies by 

which each of the elements in the Water Grid was advanced.  Multiple sources independent from the 

Government have repeatedly identified how these arguments frequently overstated yield and simply 

ignored relevant economic, environmental and social costs (cf  MRCCC, 2008; Troy et al., 2008; 

Queensland Conservation Council, 2008).   

In contrast, Spearritt (Troubled Waters, Chapter 2: The water crisis in Southeast Queensland) argues that 

20kL tanks could be fitted to homes “including the cost of a pump and plumbing in for toilet and laundry 

use. This is calculated on a generous basis, with mass-purchase discounts of $5000 per dwelling.”  

A comparative analysis of the cost/yield of household RH systems that is conservative in every aspect 

might comprise (a) RH system costs of $5000 per dwelling (the approximate 2008 retail costs of a 10kL 
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tank, pump, filter, sundry plumbing fittings and materials and plumbing labour to connect the laundry and 

toilet is $3000); (b) Gardner’s (2006) robust yield modelling (which uses Coombes’ PURRS model of 6-

minute time steps to integrate household demand with rainfall and uses a coefficient of 0.8 for rainfall to 

storage) for a 10kL tank storage; (c) catchment area of 150m2 (mean usable catchment area was actually 

reported at 237m2 for Adopters and 215m2 for Nonadopters); (d) the lower rainfall bound of CSIRO climate 

change modelling on regional rainfall (-12% by 2030); and (e) advice of the Marsden Jacob report that 

(only) 78% of homes in SEQ are suitable for RH installation (2006: 5).   

Extrapolation with these conservative heuristics shows that rainfall harvested from household roof 

catchments could yield 70,000ML across SEQ annually, at $2.70/kL over a twenty year lifecycle.  A similar 

calculation using actual 2008 cost data and a 200m2 household catchment (within the surveyed average) 

comes in at $1.50/kL.  In fact, with Queensland Government rebates for RH installations capped at $1000, 

the cost to the Government of the water obtained by household RH installation is closer to $0.54/kL.   

The advantage of wide scale decentralised RH, by these calculations, is from five to eighteen times the 

Queensland Government cost benefit data for the Water Grid program.  If the Government absorbed 

100% of the cost of household RH installations, it would still be among the cheapest options for water 

supply.  Marsden Jacob (2007: 14) estimated that household rainwater systems provide a reduction in 

stormwater processing costs that alone adds between $0.30 and $1.00/kL to their real value, let alone 

their beneficial social and environmental externalities.   

Where these arguments show the current cost effectiveness of RH as a water supply alternative, a key 

feature of the economic argument for maintaining a rebate scheme for household RH adoption concerns 

future opportunity.  In particular, this research has shown that the majority of existing adopters did not 

identify the cost borne by the household as a significant impediment to adoption.  However, existing 

nonadopters did:  35% of existing nonadopters identified that the impact of cost and economy issues was 

the single most important factor in their (negative) RH adoption decision.  Any discontinuity of the RH 

rebate scheme will therefore affect the section of the community that specifically identified the need for  
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financial support through rebates. 

The rush to massively engineered solutions may result in SEQ being burdened by a drastically sub-

optimal water strategy for the next century and beyond. Troy and associates’ Troubled Waters: 

Confronting the Water Crisis in Australia's Cities makes some compelling criticisms of the decision making 

process.  In Troubled Waters, Chapter 2: The water crisis in Southeast Queensland, Spearritt argues: 

  “It took a long time for politicians, senior public servants and rarely-accountable heads of key 
agencies — from electricity power stations to water bureaucracies — to face up to the 
severity of the crisis in Southeast Queensland.  … For a while it looked like they would 
contemplate some sustainable initiatives, including what appeared to be genuine 
encouragement for the mass installation of water tanks. … The army of consultants, 
including many our of leading engineering firms, hired to justify the new infrastructure 
developments in SEQ specialise in going into enormous and lucrative detail about mitigating 
environmental impacts, and dismiss in just a couple of pages the prospect of much more 
extensive use of water tanks. Two pages is all that Sinclair Knight Merz devote to water 
tanks in their 1600-page justification of the Traveston Crossing Dam on the Mary River near 
Gympie. The consultants point to energy costs for pumping tank water, but don’t compare 
that to costs for pumping the reticulated and recycled supply and fail to point out that gravity 
feed will be sufficient for some household tanks, depending on their location and the lay of 
the land. They are concerned about tanks getting contaminated, but there is no mention of 
the filtering systems now readily available. They are particularly concerned about tanks in a 
‘reduced rainfall scenario’, an absurd comment when one reflects that the Sunshine Coast, 
Brisbane and the Gold Coast all have much higher rainfalls than the Wivenhoe catchment 
(Sinclair, Knight, Merz, 2007).  … Instead, the Queensland Water Commission, in its latest 
Draft SEQ Water Strategy, released in April 2007, has in effect given up on rainwater tanks 
by suggesting that they can only provide 7 per cent of the region’s needs by 2256. The 
Commission suggests, instead, another six desal  [sic] plants up and down the coast, all 
located in the region’s diminishing open space, including two of its sand islands. Yet most of 
coastal SEQ has, and is predicted to continue to have, a reasonable rainfall.”                                                                                                                              
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Environmental arguments 

The environmental advantages of household RH include: (a) sustainable capture of water that is otherwise 

wasted; (b) more effective capture of the rainfall resource, since the coefficient for capture is much smaller 

for roof catchments than for the groundwater runoff that replenishes reservoirs; (c) benefits for urban rivers 

and streams, in the form of an improved post-urban runoff regime which reduces sedimentation and bank 

erosion; (d) supply that is created at the point of use, minimising water transportation energy costs; and 

(e) water that is of sufficient quality for 99% of household uses - though no Australian authorities advocate 

direct consumption of untreated rainwater when the mains supply is available.  Though modelling of these 

environmental impacts is beyond the household focus of this thesis, household RH genuinely fulfils the 

environmental conditions of ecological modernisation by efficiently expanding the limits of water supply 

available to households, by using water that otherwise impacts the environment either as stormwater 

processing costs or as untreated discharge to waterways.   

Rainwater harvesting also mitigates demand on the centralised water supply systems and so delays the 

need for expansion of these systems.  By contrast, each of the massively engineered solutions to water 

security poses substantial environmental impacts. These include: (a) the cost of energy needed to treat 

desalinated and purified recycled water to acceptable drinking water standards for entry into the 

reticulated mains supply (when 99% is not used for potable purposes), and (b) the cost of operating 

desalination plants and pumping water through reticulated mains – both of which consume water in the 

energy generation process and produce carbon emissions since the Queensland energy sector an that 

continues to rely on coal generated energy; (c) the failure to effectively manage by products such as the 

brine of desalination; and (d) the effect on ecosystems of new dams and dam augmentations.  
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Social Arguments 

CSIRO scientist Geoff Syme argues (Troubled Waters, Chapter 6, Sustainability in urban water futures):  

“Given this slow-moving [policy/governance] system that largely operates on political 
hunch and market research it would seem that detailed knowledge of what futures the 
community sees as sustainable and what trade offs the community is prepared to consider 
would be of great value.  Social, institutional and decision-making issues have been 
discussed in general terms but … are not seen as principal drivers of change. But if 
change is to occur, it is these dynamic social things that can drive it: ethics, values, 
attitudes and behaviour at individual, organisational, community and political levels.  If we 
are to advance towards sustainable water futures it is important to free up … social, 
institutional and cultural variables … of paramount importance. … Once these processes 
are in place, economic and environmental investigations come into play…. It is analysis of 
alternative scenarios from these perspectives that provides important criteria against 
which alternative futures can be described.”     

Though support for a range of options in an integrated water solution clearly exists, participants in this 

thesis research generally agreed that RH is preferred over other means of water supply augmentation.  

Considering levels of reported disagreement: 23.7% of Adopters and 15.8% of Nonadopters disagreed 

that RH was preferable to centralised desalination; 20.2% of Adopters and 16.9% of Nonadopters 

disagreed that RH was preferable to centralised recycled water; 24.8% of Adopters and 21.1% of 

Nonadopters disagreed that RH was preferable to household bores; 8.6% of Adopters and 10.8% of 

Nonadopters disagreed that RH was preferable to household condensors; and 15.6% of Adopters and 

20.0% of Nonadopters disagreed that RH was preferable to household greywater recycling. However, 

50.7% of Adopters and 49.5% of Nonadopters disagreed that RH could replace the need for more dams.   

Social elements of the household interest in RH spanned across many of the theorised constructs 

explored in this research, with the main impacts reflected in the Compatibility, Ease of Use and 

Independence constructs.  When compared with alternative water sources (the revised operationalisation 

of Relative Advantage applied in this research), the significance of these particular constructs indicate that 

RH was valued because it was psychologically and physically compatible with households, easy to use at 
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a chreseological level, and provided households with independence from less desirable aspects of the 

centralised mains supply including its sources and restrictions. 

In the period of this research, RH adoption in the South East Queensland Region boomed from extended 

stagnation at 8% before 2004 to around 40% at the end of 2008 – a mean increase of 100% per annum on 

the baseline figure.  In addition to the findings in this thesis, Council rebates, the Home WaterWise Rebate 

Scheme and the Queensland Development Code are recognised as the main indicators of RH adoption 

data. 

Based on new building approvals, an estimate of 4% of the increase in penetration is attributed to 

mandated RH adoption under the Queensland Development Code which became operational in 2006 

(personal communication, John Futer, Executive Director, Housing Industry Association, October 2008).  

Yet while 9.5% of Adopters in this research reported adoption of the household RH system was mandated, 

only a single respondent (0.5%) reported that they would not have voluntarily adopted a RH system.   

Brisbane City Council introduced its own RH rebate scheme in 2002 and other Councils progressively 

followed.  Despite repeated requests in writing and in person, Councils have not been forthcoming with 

information on adoption statistics for “privacy reasons”.  From 2004 to 2006 an estimated 5% of the 

increase in penetration was extrapolated from reported Council rebate scheme expenditures. 

The Home WaterWise Rebate Scheme (HWRS) – the Queensland Government machinery for providing 

rebates on household RH adoptions – was unexpectedly successful.  Commencing in July 2006, the 

Queensland Government reported that demand for water tank rebates peaked in May 2007, when around 

20,000 applications were received per month.  In fact Queensland Government expenditure on RH 

rebates in the SEQ region now represents an additional 150% over the May 2007 ‘demand peak’, with the 

rate of applications from May 2007 to October 2008 still at almost two-thirds of the rate of demand before 

the peak.  These data do not suggest a lack of depth in ongoing demand for the HWRS.  At October 2008, 

more than 241,000 Queensland households had received Queensland Government RH rebates at a cost  
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of almost $240 million.  A further 10,000 existing applications were unprocessed at that time.  The HWRS 

was therefore involved in 17% (i.e. more than half) of the increase in regional RH penetration.   

A key finding was that 23.4% of RH Adopter households surveyed in this thesis research sought no rebate 

from either Queensland Government or Council sources in the survey period, suggesting that voluntary 

RH adoption during the period 2004 - 2008 may be correspondingly higher than the 26% increase from 

these three indicator sources.  Together with surreptitious RH adoptions, these sources present a more 

likely figure for household RH penetration closer to around 40% of all SEQ households at October 2008.  

This still leaves considerable opportunity for further penetration, given the Marsden Jacob assessment 

that 78% of homes in the region were suitable candidates for RH systems (2007: 5). 

There are further social advantages of RH that are easily overlooked.  Because the consequence of an 

empty tank tends to be personal and immediate, RH usage provides a clear view of real demand (Heggen, 

2000: 144).  Anecdotal evidence gained in my conversations with households during data collection 

supports Heggens’ view and further suggests this experience (i.e. checking tank levels) leads to greater 

awareness of water consumption and water conservation.  Futhermore, the psychosocial benefits of green 

space, such as the enjoyment of gardening and the garden as a source of leisure and entertainment, are 

documented by Syme, Shao, Po and Campbell (2004).  Harvested rainwater can allow residents to pursue 

these recreations without drawing on the mains supply, an integral issue among the early RH Adopters in 

this study, providing a source of water for maintaining gardens in a context of water restrictions 

The triple bottom line arguments beg the question why the Queensland Government policy and programs 

are so heavily weighted towards massively engineered solutions and so little to rainwater harvesting.  An 

optimistic way forward is to imagine that its peak bodies only act with a preponderant emphasis towards 

massively engineered solutions because of a lack of quality science illuminating the environmental, social 

and economic social benefits of RH.  This thesis clearly articulates, qualifies and quantifies these benefits.   

Nonetheless, the Queensland Government announced the discontinuation of the HWRS rebate scheme  



400 of 457 

effective as at mid-December 2008.  The corresponding challenge for the Queensland Government is to 

reconsider its decision to abandon the rebate scheme for household rainwater harvesting.  The economic, 

environmental and social evidence presented here is in clear agreement with independent sources – that 

a genuinely multidisciplinary problem-solving framework for regional water security that embraces the 

triple bottom line should include rainwater harvesting.  In keeping with the objectives and principles of 

integrated environmental problem solutions, moreover, RH systems are inherently compatible with a 

development philosophy of integrative technology (Heggen, 2000: 142). 

Proposal Two: Refine rainwater harvesting rebate programs 

This research provides key evidence-based insights and opportunities for refining Government policy and 

practices, including the Home Waterwise Rebate Scheme, to increase the effectiveness and proliferation 

of RH supplementation.  These proposals are presented in terms of the theorised constructs in the synthesis 

of ecological modernisation and diffusion of innovation perspectives on which the analysis was structured. 

Community 

“Be not the first by whom the new is tried, nor the last to lay the old aside” (Pope: 1711).  The subfactors 

for Community are effective at discriminating between Adopters and Nonadopters, but don’t provide much 

information about how to facilitate further adoption.  In order of their significance in discriminating between 

Adopters and Nonadopters, the subfactors in the Community construct concerned (a) the household as a 

community leader in RH adoption, and (b) RH becoming part of the community.  These subfactors suggest 

a contextualisation of the household as an early protagonist in a broader community change.   

The diffusion of innovation (DI) literature tells us that as RH adoption proliferates in the community, it 

becomes considered by more households, some of whom consequently adopt, perpetuating the diffusion. 

In addition to the physical increase in RH penetration, the constant presence of RH issues in media and 

community forums has undoubtedly contributed to a sense that RH appeared to be increasingly favourably 
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regarded.  At the current level of RH penetration, these forces combine in the classic DI literature to 

suggest that proliferation of RH adoptions may acquire a ‘critical mass.’  To borrow from Stalin, this 

“quantity has a quality all its own” and there is something quite like inertia in this community effect, so that 

there is probably little that can be done in the short term to either persuade or dissuade this process.   

However, in contrast to this effect, there are two further interesting aspects in the data obtained from the 

Community construct.  The first is that while early adopters of RH systems frequently reported ‘showing 

off’ their systems, they did not report strongly advocating others to install RH systems.  This is consistent 

with the widespread attitude connected with the Voluntariness construct respecting household sovereignty 

over the RH adoption decision.  Second, the DI literature and particularly the Bass Model discussed in 

Chapter 5 clearly show that later stage Adopters are less well connected to a range of information sources 

and their adoptions are typically facilitated by communication from friends and family, rather than from 

media or expert sources or broader social networks.   

If the early adopters do not strongly advocate RH adoption, then it appears a reasonable speculation that 

persuasion of the late adopters may derive from the ‘critical mass’ of the middle majority.  Though this is 

not translated to a specific policy proposal, it suggests that the May 13, 2008 statement from Minister for 

Natural Resources and Water, Mr Wallace: "It appears that people who wanted a rainwater tank now have 

one”, is misplaced.  On the contrary, existing penetration of RH systems in the SEQ community combined 

with community acceptance of RH system technologies suggest that further diffusion of RH adoption is likely. 

Compatibility 

The grounded enquiry, which was based on analysis of respondents’ written reasons for RH adoption 

showed that physical and psychological compatibility of RH systems were nominated by almost 60% of 

Adopter households.  This placed Compatibility ‘front-of-mind’ as the second highest ranked nominated 

construct after Independence.  However, when other research constructs were introduced in the surveys, 

the relative significance of Compatibility diminished.   
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Principal components analyses on the Compatibility construct items showed that the subfactors resisted 

the expected prima facie reduction to differentiated measures of physical and psychological compatibility.  

Consequently, the Compatibility subfactors span physical and psychological aspects.  It was decided to 

explore physical aspects of RH compatibility more closely, since the ABS 4602.0 reports have consistently 

shown that Nonadopters report available space as a significant inhibitor of adoption.  In mean 

comparisons on the significant compatibility subfactor, nonadopters reported available space and 

integration with household fittings were more problematic at their current dwelling than Adopters did.  

Seeking a more objective estimate of available space at the household, a calculation as mean lot size 

minus mean dwelling size was skewed in favour of Adopters, but was confounded because of the large lot 

sizes of a number of peri-urban RH installations.  However, when the calculation was based on modal 

data (i.e. modal lot size minus modal dwelling size) it showed that Nonadopters had more available space 

than Adopters.   While these two quick calculations are inconclusive, they suggest that the mandated RH 

system setbacks from property boundaries may be a significant issue in the assessment of available 

space.  Siting setback constraints are addressed through the Governance and Regulation construct. 

The author’s experience as a plumbing apprentice and as owner-builder of the mywaterwisehome.com 

project developed a belief that integration of RH systems with some internal fittings is generally not 

complex.  For example, most Australian toilet cisterns have dual inlets (right-hand and left-hand-side).  

Since toilets are often located on an outside wall to meet ventilation requirements, connection with the RH 

system is simply a matter of drilling a hole through the external wall to the alternate inlet.  However, 

compatibility with household fittings (e.g. laundry, hot water service) is confounded by dwelling ownership, 

since additions or alterations to existing plumbing are typically required (which is usually beyond the 

authority of the residents to decide).  To determine whether dwelling ownership impacted on household 

ability to integrate the RH system with household fittings, a crosstabulation of the significant Compatibility 

subfactor by dwelling ownership was calculated for Nonadopters.  However, a Chi square showed a non-

significant trend for compatibility reduced by non-ownership of the dwelling χ2 = 18.2 (df 1, 12, p = 0.110).   
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Environmental plumbing issues are not still covered in standard apprenticeship training programs.  

Nevertheless, the Victorian organisation, Green Plumbers, has provided training and accreditation in 

Victoria for some time as professional development.  ‘Green plumbing’ in Queensland has not been so 

progressive, though the Master Plumbers Association of Queensland current training course schedule 

suggests that this may be changing (personal communication, February, 2008).  Since concerns about RH 

system Compatibility are ‘front-of-mind’, an informed suggestion by the plumber at the time the RH system 

is installed could go some way to increasing the proportion of households making more effective use of 

rainwater through connection to internal uses.   

Cost and economy issues 

Proposal 2A:  It is recommended that an additional means-tested subsidy would be helpful in assisting 

lower income households with the costs of RH installation.   

Proposal 2B:  It is recommended that any additional action to address water consumption in Government 

owned housing should consider the clear cost-benefit advantages of RH in comparison with 

other water supply technologies to maximise reductions in mains water demand.  

Proposal 2C:  It is recommended that a review of the complex taxation demands on RH system acquittals 

should be given some priority to simplify the system and minimise incorrect claims. 

In order of significance, the cost and economy subfactors discriminating between Adopters and Nonadopters 

concerned (a) developing RH on a budget to offset future water costs and (b) perception of the value of 

RH as an investment.  Both of these subfactors suggest that households make a strategic assessment of 

the economic benefits of RH adoption, rather than simply considering the upfront costs alone.  With this in 

mind, it is also interesting to consider that whereas 44% of Adopters reported that cost was not an issue in 

the household adoption decision, cost and economy issues were reported by 35% of Nonadopters as the 

single most important of the theorised factors in the RH adoption decision.  TABLE 7.3 showed that both 

mean and modal annual household income varied significantly between Adopter and Nonadopter 

households (i.e. $30,000 to $60,000 for Nonadopters, and $60,000 to $90,000) for Adopters.  At face  
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value this suggests an additional means-tested subsidy could be helpful in assisting lower income 

households with the costs of RH installation.   

In fact, when nonadopter households are considered, two issues account for 71% of responses to the ‘single 

most important’ reason nominated for household nonadoptions.  These are (a) that RH adoption is the 

decision of the landlord (36%) and cost and economy issues (35%).  Home ownership is a reflection of cost 

and economy issues at the household level, with regional housing affordability as measured by the HIA/ 

Commonwealth Bank Housing Affordability Index at its lowest since the index was established in 1984. 

The two main categories of non-resident ownership are Government owned properties and private 

investment properties.  The Queensland Government owns 135,000 residential properties across 

Queensland, though the Housing Industry Association reports that none of these have RH installations.  In 

October 2008, personal communication with the Department of Housing confirmed that RH installations in 

Queensland Government-owned homes were rejected on a cost basis, with the Department opting instead 

for a program of flow restriction on water outlets.  Any further action to balance the supply/demand equation 

in Queensland Government-owned homes should consider the clear cost benefit advantages of RH in 

comparison with other water supply technologies. 

Rental properties, as investments, presumably require a stronger commercial argument for RH adoption than 

owner-occupied households.  The Australian Tax Office publication, Rental Properties 2008 (NAT 1729–

6.2008), identifies that separate components of RH installations constitute different forms of expenditure and 

so different forms of deductibility.  Tank storages, for example, are a capital expenditure unless specifically 

undertaken as a repair/replacement of an existing RH system.  This means that the expense does not usually 

constitute a ‘deductible expense’ unless the property is sold.  Filters may either be capital expenditure or 

depreciable assets, depending on their location in the home - and if depreciable, with different rates of 

depreciation (from 12% to 15%) depending on their end use.  Pumps are depreciable assets, though with 

different rates of depreciation (from 5% to 25%) depending on their end use.  Other integral components, 

such as backflow prevention devices and switching devices do not have a stated Division ruling in the current  
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guidelines.    

It is difficult to advance a strong commercial incentive for RH installations with the complexity of the taxation 

system.  Given the national proliferation of RH systems and the Australian Taxation Office concern with 

inappropriate deductions on rental properties, it seems sensible that a review of this complexity be given 

some priority.  The researcher forwarded a summary of these matters to Michael D’Ascenzo, Australian 

Taxation Office Commissioner of Taxation in December 2008. 

Ease of use 

Ease of use is a significant issue in RH adoption because conflict with existing household routines limits 

interest in changing the status quo.  Both Adopters and Nonadopters strongly indicated that RH was 

simple and convenient to use, though its importance still discriminated between these groups, with 

Adopters reporting greater ease of use.  This may reflect the lesser level of RH system sophistication 

typical of the majority of existing adoptions.  Ease of use is an integral factor in the RH adoption decision 

and should continue to be emphasised in any social marketing campaign seeking greater penetration of 

RH systems.  However, no specific recommendation is made in this regard, since RH systems were 

already widely recognised as a simple-to-use technology. 

Environment 

Both Adopter and Nonadopter households expressed high levels of concern about the environment. The 

strong but generalised agreement on the importance of the environment meant that household views on 

the environment were of limited use in discriminating between Adopters and Nonadopters (since it was 

regarded by both cohorts as important).  The significant environmental subfactor in the discriminant 

function concerned the potential of RH to alleviate urban demand on dams under drought conditions.  

Ironically, Nonadopters reported they were more strongly motivated by dam levels and drought.  With the 

passing of the drought, it remains to be seen whether further emphasis on environmental issues and 

values in a social marketing campaign is of use in promoting further proliferation of household RH 
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adoption.  However, since Nonadopter households reported the Environment as a factor positively 

motivating an adoption decision, it does suggest that greater community awareness of indicators that 

predict reduced rainfall periods such as the Southern Oscillation Index could be effective in facilitating 

further RH adoption. 

Experience 

Past experience was not significant in discriminating between Adopters and Nonadopters and is likely to 

reflect the simplicity of the RH technology. 

Governance and regulation 

Proposal 2D:  It is recommended that the existing opportunity for relaxation of RH system siting constraints 

should be made more prominent in the Council literature on RH adoption and that Councils 

be provided with a clear set of guidelines that enable a culture of approval. 

Proposal 2E:  It is recommended that the National Water Commission should secure a statement from the 

Australian Government that no future levy will be imposed on RH installations due to 

Australian Government ownership of the airspace. 

Proposal 2F:  There is clear community support for mandated RH adoption under the Queensland 

Development Code, though it is recommended that households should otherwise retain 

sovereignty over an RH adoption decision. 

Only governance and regulation issues as they directly apply to RH (i.e. rebates and RH compliance) are 

discussed here.  Water restrictions, for example, are discussed under the Independence construct, and 

the impacts on RH adoption of community acceptance of alternative water supply technologies are 

discussed under the Independence and Relative Advantage constructs.  In order of their significance, the 

governance and regulation subfactors discriminating between Adopters and Nonadopters concerned (a) 

compliance regulations being seen as inhibitive but important, (b) rebates as a strong positive incentive to 

install RH systems, and (c) support for mandated adoption.   
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The surprisingly large proportion of Adopters who did not seek rebate assistance (23.4%) cited for that 

decision, several specific governance and regulation issues that were regarded as unnecessarily 

bureaucratic.  This research presents strong evidence that RH installation compliance - particularly in 

relation to siting - was a significant issue for many Adopters.  The existing siting approval process had two 

effects:  First, it discouraged RH adoptions that would otherwise proceed, and second it led households to 

bypass compliance inspection through surreptitious RH installations.  This latter case is particularly 

evident among Adopters who did not seek rebate assistance, simply to avoid compliance inspections.  

Though it is not widely publicised, many Councils allow an application for relaxation of siting constraints.  It 

is recommended that this opportunity for relaxation be made more prominent in the Council literature on 

RH adoption, that Councils be provided with a clear set of guidelines and adopt a problem-solving focus 

that, together, enable a culture of approval. 

In the period of the survey there was ongoing (and alarmed) conjecture among a small section of the 

community that the Australian Government, owning Australian ‘airspace’, would introduce a levy on 

harvested rainwater.  Though an urban myth, the failure of the National Water Commission to secure a 

statement from the Australian Government to the contrary did little to alleviate this view.  This belief also 

contributed to the cohort of Adopters who surreptitiously installed RH systems and did not seek rebates to 

avoid drawing ‘Government attention’ that they possessed a RH system. 

Nonadopters reported rebates as a stronger motivator for adoption than existing Adopters.  While existing 

Adopters welcomed rebates, they identified stronger motivations for RH adoption than the rebates.  This 

provides evidence that maintaining the rebate program can be expected to yield further adoptions by 

reaching those households that have not yet installed RH systems, since it is a significant source of 

motivation for those households. 

Support for mandated adoption came in terms of a RH mandate for new buildings (as is now provided 

under the Queensland Development Code), but not for making RH compulsory on every home.  RH is 

more economically and effectively integrated at the design and construction stage than through retrofitted  
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installation, so it is encouraging to see broad community support for this policy. 

Image 

Image, which typically addresses issues of ego gratification, is historically more closely linked in the DI 

research to luxury products and services that reflect consumers’ ‘superior taste’.   It was considered in this 

research to ascertain whether ‘green ego’ was an issue in RH adoption.  However, Image was roundly 

rejected as a reason for RH installation and prompted respondent numerous comments such as “You 

have got to be kidding.”  The Image scale explained 45.9% of the variance in responses on Image items, 

showed strong internal consistency statistically and reflected aspects of retrospective validation or post-

purchase marketing.  When an RH system is valued in this way, Inman, Dyer and Jia (1997) found that the 

regret experienced by not making a purchase decision is felt more keenly than the satisfaction obtained 

when a purchase was made. This suggests that households which have not adopted a RH system, and 

who come to learn of the efficacy of other RH installations, may then be influenced by that knowledge to 

adopt a RH system.  These results support the inclusion of Image as a consideration in the household 

decision making on RH adoption.  However, the conclusion drawn from its non-significance is that RH is 

valued by Adopter households at a more utilitarian level.  This conclusion confirms an early judgement in 

this thesis that the trend in the EM literature for explaining social aspects of environmental technology 

adoption as a ‘lifestyle choice’ lacked a sensitivity to real social agendas. 

Independence 

Independence is a significant factor in RH adoption for several reasons.  It is the only construct that was 

introduced as a result of data analyses from the pilot survey, reflecting widespread sentiment in the 

sample that Independence issues were ‘front-of-mind’ for those households.  The valency of the 

Independence construct is particularly interesting for not being specifically canvassed in either the EM or 

DI perspectives, though it was retrospectively attributed to the DI perspective for its simpatico with the 

orginal operationalisation of the Relative Advantage construct.   
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In analyses of the main surveys, a large majority of households expressed Independence in terms of 

freedom from water restrictions, and largely for the purpose of maintaining gardens.  Had water restrictions 

not been so prolonged, severe and honoured by the community, it is difficult to judge the extent to which 

this form of Independence might be present in other circumstances.   

Other households sought an independent household water supply as an alternative to the chlorinated 

mains supply, to the mooted introduction of fluoridation, and to the introduction of purified recycled water 

(PRW).  This latter issue (PRW) was the strategic basis of incorporating Toowoomba residents in the 

sampling process, since Toowoomba had recently conducted a failed plebiscite on the introduction of 

PRW.  (With PRW also mooted at that stage for the SEQ regional reticulated supply, it was of particular 

interest how households might seek an independent supply through the installation of RH systems to 

avoid exposure to PRW). 

The grounded enquiry, based on analysis of respondents’ written reasons for RH adoption showed the 

Independence that households obtained through adoption of RH systems was the highest-ranked 

construct.  More than 60% of Adopter households nominated an issue coded under Independence as the 

primary reason for household RH adoption.  When other research constructs were introduced in the 

surveys, the relative significance of Independence diminished.  Nonetheless, it was still the highest ranked 

construct with the Adopter cohort (22%) and second-highest ranked of the constructs for the Nonadopter 

cohort (13%, after Cost and Economy issues).   

The drive for Independence reflects Geoff Syme’s observation: “That, given a facilitative environment, the 

community is often prepared to make choices which are decidedly more innovative than those currently 

being made on their behalf” (Troubled Waters, Chapter 6, Sustainability in urban water futures).   

While no specific recommendations are made for Queensland Government policy and programs in terms 

of Independence, it is important for the Queensland Government to be seen as a trustworthy source of 

information about water quality and security.  A majority of the public continue to oppose purified recycled 
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water and many erroneously believe that rainwater is of better quality than the mains.  Nonetheless, the 

global view of this author at the conclusion of this research program is that draconian risk assessments of 

RH promulgated across Queensland Government departments are not accepted by the broader 

community and seriously contribute to the erosion of trust and confidence in information provided about 

the suitability of alternative water sources for household use.   

Relative Advantage 

Adopter and Nonadopter respondents agreed that RH can not replace the need for dams.  However, the 

real value of RH in urban developments is as an additive, integrative technology that complements the 

reticulated mains.  Adopters and Nonadopters also agreed that RH was better than desalination and 

purified recycled water as alternative community water supply sources, and better than bores, condensors 

and grey water recycling as alternative household water supply sources.  Though the decision for adoption 

and end use will continue to be made at the household level, the ‘highest and best’ value of rainwater is 

not as a better quality source of drinking water, but by minimising the use of drinking water for toilet 

flushing, laundry, garden watering and bathing.  By definition, these are end uses that do not require water 

that is invested with treatment to ADWG standards.  The strong community acceptance of RH shows that 

it has ‘political’ merit.  Moreover, its demonstrated economic, environmental and social advantages, its 

sustainability and its specific use of water that is otherwise wasted clearly position RH as an integral 

element of a planned integrated water supply system.   

System sophistication 

Proposal 2G:  It is recommended that the RH rebate scheme conditions be modified to increase the 

minimum storage size from 3kL to at least 5kL, and ideally 10kL to maximise to maximise 

reductions in mains water demand.  

Proposal 2H:  It is recommended that attention should be given to publicising the deleterious health effects 

of lead (Pb) in the catchment area, since direct consumption of harvested rainwater 
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continues despite commonly adopted RH system components not being capable of 

removing lead.   

Proposal 2I:  It is recommended that existing limitations on the connection of rainwater to household hot 

water services should be remove to maximise to maximise reductions in mains water 

demand.  

The system sophistication subfactors reflected significant differences among the characteristics of RH 

systems desired by adopting and nonadopting households, particularly in terms of the end use of 

harvested water.  In order of their significance in discriminating between Adopters and Nonadopters, these 

concerned (a) standard filtration/treatment to overcome any health issues, and (b) lower order uses 

obviating treatment needs.  These two subfactors may be compared with the third (nonsignificant) 

subfactor: “integration with household uses at potable standard’. 

In plain English, the former concerns ensuring that the household’s desired end uses of rainwater were 

matched by filtration and sterilisation appropriate to that end use.  The latter concerns a large cohort that 

simply wanted rainwater for external uses (like gardening) and so required neither filtration nor sterilisation 

for effective use.  Broadly, existing Nonadopters were characterised by a preference for the former 

standard of sophistication, and existing Adopters by a preference for the latter standard.   

Households currently without a RH system showed strong homogeneity in their reported RH system 

preferences.  They projected using a 5kL storage (as mean, median and mode) and projected using 

treatment options suitable to higher order use at twice the rate of existing Adopters.  24.6% of existing 

Adopters used harvested rainwater for internal uses, compared with a 46.4% projection by Nonadopters.  

40% of Adopters used some form of filtration, compared with a 78% projection by Nonadopters, and 30% 

of Adopters used some form of sterilisation, compared with a 68% projection by Nonadopters.  (Adopter 

households, by contrast, appear more motivated to use rainwater for outdoors, particularly for gardening).  

This trend was recently confirmed by Kel Holmes, HWRS Director, with the scheme now receiving “four 

times the projected demand in applications for rebates for plumbed-in tanks” (Holmes, personal 

communication, December 2008).   



412 of 457 

Without prior access to the HWRS uptake data, the findings of this research effectively predicted that this 

shift to adoption of more sophisticated RH systems would occur.  Two points make this prediction clear.  

First, 67.2% of those households that were currently Nonadopters at the time of sampling reported an 

interest in RH adoption.  Second, these Nonadopters reported preferences broadly twice that of the 

current Nonadopters for RH systems that employed filtration, sterilisation and integration with household 

water demands.  In terms of demand management in an integrated urban water supply, the HWRS was 

abandoned as it was transitioning to support the highest and best use of more sophisticated RH systems.   

The HWRS conditions are closely compatible with the reported RH system preferences of Nonadopters.  

However, Gardner’s PURRS modelling (FIGURE 2.2) suggests for a RH system plumbed to the toilet and 

laundry, increasing the HWRS minimum tank size from 3kL increases projected yield by 23% at 5kL and 

54% at 10kL.  It is recommended that the HWRS increase the minimum storage size from 3kL to at least 

5kL.  This increase to storage sizing is compatible with the expressed preferences of Nonadopters, and 

only slightly increases the cost (an extra $400) and space (an extra 12% diameter) required. 

Whereas 5% of RH Adopter households reported lead (Pb) in the catchment area, more than 14% of 

Nonadopters reported lead (Pb) in the catchment area.  As a point of some concern, 1.7% of Adopter 

households reported awareness of lead in the catchment area and directly consumed rainwater anyway.  

It can be assumed that the risks posed by this hazard are not well understood.  Attention should be given 

to publicising the deleterious health effects of lead (Pb) in the catchment area, since the commonly 

adopted RH system components are not capable of removing lead.   

The extent to which supplementation through household RH complements or replaces household demand 

on the mains supply is difficult to determine.  As mentioned in preceding paragraphs, one of the 

challenges for policy makers is to seek to maximise the extent to which RH effectively replaces mains 

supply demand.  Further demand reduction on the mains supply is in the order of 15% of household 

demand, calculated at one third of mean household bathroom and kitchen water consumption, when 

rainwater is also used in hot water systems. 
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To this end, recent Queensland Government decisions present an opportunity for review. At the Pimpama 

Coomera estate, for example, developers MWH were unable to secure permission for use of rainwater in 

hot water systems (personal communication, Garth Bellingham, MWH Business Development Manager, 

June 2008).  This occurred despite wide acceptance elsewhere and even though rainwater used in hot 

water systems is usually compliant with Australia drinking water standards (Coombes, 2008) since hot 

water pasteurization destroys bacteria.   

The objection proposed by Queensland Health is that microbes which are aerosolised in shower sprays 

may be inhaled, and is based on an assumption that the rainwater will not be stored for sufficient duration 

for sufficient time within the hot water system.  The science behind the Queensland Health decision is 

difficult to justify.  Any harvested rainwater that is directed through a hot water service will be ipso facto of 

better quality than when directed to any other household use.  A submission was forwarded by the 

researcher to Dr Greg Jackson, Manager of the Queensland Health Environmental Health Unit, 

addressing issues of lead hazard in the catchment area and the argument for RH supply to hot water 

services. 

Technological innovation 

Proposal 2J:  It is recommended that the risk of infection caused by RH backflow to the reticulated mains 

should be reassessed and the requirement for multiple backflow prevention devices 

removed, lowering the cost barrier to installation of more sophisticated RH systems with 

greater capacity to maximise reductions in mains water demand.  

Following from the findings summarised in RH system sophistication, technological innovation in RH 

system components was generally not regarded as an important issue by existing Adopters.  However, it 

was regarded as important by Nonadopters and is consequently effective in discriminating between 

Adopters and Nonadopters.  The significant subfactor concerned the influence of technological innovation 

on the adoption decision, with Nonadopters expressing the stronger preference for effective treatment of 

harvested water and integration with household water demands in the toilet and laundry. 
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A second issue across both system sophistication and technological innovation concerns the integration of 

mains and rainwater supplies.  This is achieved by two main alternatives: (a) topping up the tank supply 

with mains water, where the tank services the water demands for the household, and (b) a switching 

device which permits either rainwater or mains water into the household water service.  The latter 

innovation emerged on local markets around 2004 with one product (Davey Rainbank) winning the 

Savewater award in 2004 for product development and commercialisation.  In addition to assuring 

uninterrupted supply, switching devices are beneficial for pointedly identifying which source of water is in 

current use by the household.  When rainwater storages are topped-up from the mains supply, they 

compromise the use of rainwater for garden watering under existing supply restrictions. 

However, in a recent discussion with the researcher, QWC Executive Manager and Senior Director for 

Demand Efficiency and Substitution, Kay Gardiner, insisted that simultaneous use of rainwater for internal 

and external applications was “illegal” (personal communication, January, 2009).  This view reflects a 

profound lack of awareness of current RH system technologies clearly relevant to demand efficiency and 

substitution, and literally at the highest level.  Max Ekins, the product manager for the Davey Rainbank, 

provided an industry estimate of “more than 40,000 switching devices in Queensland, the majority of which 

are located in the SEQ region” (personal communication, February, 2009). 

Whether mains water augmentation of RH systems is effected by trickle top-up or by a switching device, 

backflow prevention devices (BPDs) aim to prevent rainwater entering the mains supply.  The problem at a 

policy level concerns the onerous requirements for backflow prevention.  To put this into perspective, the 

researcher’s own RH application required three inline BPDs for approval: one at the pump, one at the 

switching device and one at the meter.  Coombes (2008) provides the following risk assessment: (a) 

chance of a BPD failure rate is 1 in 1,000, (b) negative mains pressure is required to draft rainwater back 

to the mains (with chance estimated at 1 in 5000), (c) risk of no chlorine residual in the mains (1 in 50), (d) 

pathogen risk (1 in 50,000), and (e) infection concentration (1 in 1000). With three BPDs inline, the risk of 

public infection from backflow to the mains from my RH system is 1 in 1.25 x 1022.  If it happened one day, 

that day would come once in 34 quintillion years (and this ridiculous number is more than 2 billion times 
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the age of the universe).  The risk is overstated.  Protecting the mains supply from risk of infection caused 

by RH backflow should be reassessed.  Correspondence on this matter was directed to Queensland 

Building Codes, the responsible Queensland Government agency in December 2008. 

Visibility 

In addition to the Visibility of rainwater tanks as they are positioned in the yard, 48.5% of Adopter 

households elected to voluntarily place a sign “Rainwater in Use.”  The issues of Visibility abut issues in 

the Community, Image and Governance and Regulation constructs, namely the household use of RH.  

The Visibility construct is concerned with the simple visibility of RH adoption.  However, in the Community 

construct, it reflects the household position in the community as a user of RH; in the Image construct it 

reflects the gratification that the household obtains from RH adoption; and in the Governance and 

Regulation construct, issues of appropriate setback from property boundaries for the tank storage may 

influence Visibility.  No recommendations are made on the basis of responses on the Visibility construct. 

Voluntariness 

Similarly, issues in the Voluntariness construct abut issues in preceding constructs of Cost and Economy 

and Governance and Regulation.  The decision to voluntarily install a RH system resides with the property 

owner.  RH adoption as the decision of a non-resident owner accounted for 36% of responses to the ‘single 

most important’ reason nominated for household nonadoptions.  A crosstabulation of ‘Adopter category’ by 

‘resident owner’ by ‘influences on household adoption decision’ shows that only 2.7% of Adopters were ‘non-

resident owner’ households.  Conversely, 91.7% of non-resident owner households were Nonadopters.   

Issues and incentives for non-resident owners to install RH systems are discussed in the Cost and Economy 

section.  Similarly, a decision to install RH which is removed from the property owner by virtue of some form 

of mandated adoption is the realm of Governance and Regulation.  What the Voluntariness construct adds to 

the understanding gained from the exploration of issues in these constructs is that both Adopters and 

Nonadopters believe that the sovereignty of the RH adoption decision should be retained by the household,  



416 of 457 

except in the case of new developments, for which there is strong support for mandated adoption. 

Summary of policy recommendations 

Proposal 1:   It is recommended that RH rebate schemes be maintained indefinitely. RH shows clear 

benefits against the triple bottom line and is the most cost effective means for Governments 

to provide increased water security. 

Proposal 2:  It is recommended that a range of governance issues be addressed to increase the 

effectiveness of RH systems, protect public health and maximise reductions in mains water 

demand 

Proposal 2A:  It is recommended that an additional means-tested subsidy would be helpful in assisting 

lower income households with the costs of RH installation.   

Proposal 2B:  It is recommended that any additional action to address water consumption in Government 

owned housing should consider the clear cost benefit advantages of RH in comparison with 

other water supply technologies to maximise reductions in mains water demand.  

Proposal 2C:  It is recommended that a review of the complex taxation demands on RH system acquittals 

should be given some priority to simplify the system and minimise incorrect claims. 

Proposal 2D:  It is recommended that the existing opportunity for relaxation of RH system siting constraints 

should be made more prominent in the Council literature on RH adoption and that Councils 

be provided with a clear set of guidelines that enable a culture of approval. 

Proposal 2E:  It is recommended that the National Water Commission should secure a statement from the 

Australian Government that no future levy will be imposed on RH installations due to 

Australian Government ownership of the airspace. 

Proposal 2F:  There is clear community support for mandated RH adoption under the Queensland 

Development Code, though it is recommended that households should otherwise retain 

sovereignty over an RH adoption decision. 

Proposal 2G:  It is recommended that the RH rebate scheme conditions be modified increase the 

minimum storage size from 3kL to at least 5kL, and ideally 10kL to maximise to maximise 

reductions in mains water demand.  
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Proposal 2H:  It is recommended that attention should be given to publicising the deleterious health effects 

of lead (Pb) in the catchment area, since direct consumption of harvested rainwater 

continues despite commonly adopted RH system components not being capable of 

removing lead.   

Proposal 2I:  It is recommended that existing limitations on the connection of rainwater to household hot 

water services should be remove to maximise to maximise reductions in mains water 

demand.  

Proposal 2J:  It is recommended that the risk of infection caused by RH backflow to the reticulated mains 

should be reassessed and the requirement for multiple backflow prevention devices 

removed, lowering the cost barrier to installation of more sophisticated RH systems with 

capacity to maximise reductions in mains water demand.  
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Conceptual Outcomes: Theories and Models  

In addition to the ‘action-oriented’ recommendations for governance programs, this thesis provides a 

number of ‘conceptually-oriented’ outcomes that relate to existing knowledge, theory and model 

development.  The first major issue that deserves attention in this regard is to return to the perspectives on 

which the Decentralised Environmental Technology Adoption (DETA) Model was founded.  Buttel (2000) 

counselled that ecological modernisation (EM) research would do well to contextualise analyses of EM 

perspectives in more established frameworks of enquiry.  Rogers (2003) similarly suggested that diffusion 

of innovation (DI) research – particularly that concerned with motivation for adoption – would benefit from 

greater attention given both to systemic perspectives and integration with existing perspectives.  

The DETA Model provides an elegant solution to the aspirations of both of these scholars.  In the process, 

it has addressed and resolved problems of conception and methodology that have troubled core aspects 

of research using the EM and DI perspectives and achieved this with a level of transparency that is 

appropriate to an empirical theoretical advance of this significance.   

As it progressively developed, the EM perspective provided an increasingly robust systemic perspective 

on the issues in environmental technology adoption.  Its original theoretical decoupling of economic 

development from environmental degradation came with the recognition that environmentally oriented 

technological innovations could ‘expand the limits’ of resource efficiency and production, even aspirational 

reduction of existing environmental damage through these innovations.  Its second stage of development 

incorporated the significant but indirect effect on environmental reform that was achievable through 

governance and regulation initiatives as new policy and programs created incentives and a more 

competitive market for environmental innovation and correspondingly penalised failure for environmental 

reform. 

Though the third stage in the development of EM ‘closed the loop’ on sustainable production and 

consumption by introducing a focus on consumption reform, EM theorists at the time struggled with the  
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inherent social complexity.  The most widely supported of the EM theorists in this regard, Anthony 

Giddens, proposed a theory of structuration which contextualised consumption at the individual level with 

the systems of provision that operated at EM’s systemic level.  Attempting to close the loop on 

consumption was a necessary advance for a systemic perspective, but it fell short of what was required in 

understanding consumption issues in practice and concept by reducing the complexities of social 

consumption agendas to a ‘lifestyle choice’.  Where every other aspect of EM had recognised the 

advantage of incremental rather than paradigmatic shift, the ‘lifestyle choice’ dyadic failed at the turn, 

providing a black-box stepwise solution.  A more fine-grained understanding of the issues in adoption was 

needed. 

The DI literature, conversely, provided a reasonably fine-grained perspective on temporally diffuse 

adoption and characteristics of adopters at different stages of the penetration of an innovation.  It had also 

attempted to articulate how characteristics of an innovation contribute to the adoption process and this 

foray had been widely replicated across a wide range of innovations, both material and conceptual, in a 

range of fora.   

Nonetheless, the DI literature, ironically, has been criticised for its penury of innovation, with a large 

portion of the literature concentrated in ongoing replications of a small portion of the field.  Surprisingly, 

although meta-analysis shows 49% to 87% of the variance in the rate of adoption of innovations is 

explained by these properties of innovations (Rogers 2003: 221), Everett Rogers, the father of modern 

diffusion study, reports that only 1% of diffusion research has focused on understanding these attributes 

(2003: 96).  Rogers argued: “We should increase our understanding of motivations for adopting an 

innovation.  Such ‘why’ questions have seldom been probed effectively by diffusion researchers.” (Rogers, 

2003: 115).  Rogers argues that: 

 “Diffusion studies now display a kind of sameness as they pursue a small number of 
researched issues with somewhat stereotyped approaches.  The narrow perspectives of 
diffusion scholars in an earlier era have been replaced by an unnecessary standardisation 
of diffusion research perspectives (Rogers, 2003: 40). 
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The flaw in this standardised replication was that constructs explored in the DI research were ill-

conceived.  Specifically, though Relative Advantage, the prime factor in these analyses, contributed 

significantly to the statistical power of the meta-analysis, it contributed little to an understanding of the 

issues that actually influenced adoption.  This is because Relative Advantage is a catch-all for any 

advantages – perceived or real – that may be obtained by adoption.  Among the most-contested 

omissions in the remaining factors in the DI analyses are cost and economy issues, which Rogers strongly 

contested as a distinct factor.  In his 550 page treatise Diffusion of Innovations, economic issues are given 

two-thirds of a page and cost is not present in the subject index.  In an attempt to understand how the 

characteristics of an environmental technology such as rainwater harvesting influence diffusion, the triple 

bottom line components of economic, environmental and social advantages, at the very least, deserve 

separate consideration.  Moreover, though the DI framework has a strong focus on the experience of the 

individual adopter, it is weak in recognising and accommodating issues in the systemic context that may 

influence adoption. 

The weaknesses of each perspective were balanced by a complementary concinnity in their synthesis, 

effectively ‘substituting’ the constructs derived from the DI perspective into the over-determined social 

theorising of the EM perspective, and conversely, substituting the constructs derived from the EM 

perspective into the ill-conceived ‘catch-all’ Relative Advantage in the DI perspective.  With conceptual 

and empirical refinement, the DETA Model retained the strengths of each perspective and eliminated the 

respective weaknesses.  Moreover, the DETA Model bridged the deductive derivation of the EM 

perspective with the inductive derivation of the DI perspective, linking conceptual perspicacity with 

empirical rigor.  Finally, through the Extended Case Method, the DETA Model position itself as merely a 

formative solution, open to iteration, and data from the pilot showed the value of this methodological 

approach by allowing the Independence construct to be drawn into the DETA Model. 

Discriminant function analyses showed that the DETA Model explained 89.2% of the variance in 

household RH adoption decision making (p < 0.000) and improved on the subfactors derived solely from 

the EM perspective (76.7% of variance) and on the subfactors derived solely from the DI perspective  
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(81.5% of variance) when Independence was attributed to the DI perspective for its simpatico with the 

original operationalisation of Relative Advantage. 

Reflections on DETA, ecological modernisation and the risk society  

Giddens, the sociologist who had provided the structuration theory that integrated social consumption 

agendas with the EM perspective, later developed the risk society perspective with other scholars, 

principally Ulrich Beck.  Giddens contends that it is "a society increasingly preoccupied with the future, 

which generates the notion of risk" (Giddens 1999: 3).  The DETA Model allows an interesting comparison 

with the idea of the risk society, i.e. a society that is organized in response to risk.  The primary focus of 

the risk society is on manufactured risks, that is, the risks that are produced by modernisation (and 

particularly by innovative developments in science and technology).  Beck (1992: 21) defines the risk 

society response as a systematic way of dealing with hazards and insecurities induced and introduced by 

modernisation itself.  Sustainability and the precautionary principle are identified as ‘preventative 

measures’ to minimise societal exposure to risk.  The risk society is now probably regarded as the most 

weidely ascendant perspective incorporating a triple bottom line with economic development.   

However, what is interesting about the risk society perspective is that it returns a given actor to the 

fundamental resources of (a) knowledge (of potential risk) and (b) the ability to act on that knowledge.  It 

is, in a very clear sense, not too distant from the Theory of Reasoned Action and the Theory of Planned 

Behaviour (TRA/TPB) advanced by Ajzen (1980), collapsing these issues to recognition and action.  

Because of this similarity, it is subject to the same pitfall suffered by the TRA/TPB.  Simply put, there is 

insufficient scope in this actor-centred model to articulate the complexities that moderate the dissonance 

between an intention and its achievement.  

The DETA Model, conversely, has provided an alternative pathway to understanding the gap between 

values and behaviours by articulating the issues that influence environmental technology adoption (with 

the focus on rainwater harvesting) in fine-grained detail.  It may be premature to proclaim the virtues of the 
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DETA Model on the basis of a single study.  But the conceptual argument does appear compelling and it is 

important to recognise that the theoretical constructs that structure this research (with the exception of 

Independence) were not derived from the single study, but were merely applied to it.  This suggests very 

strongly that the DETA Model may be applied with equivalent valency to similar actor-centred problems of 

environmental technology adoption. 

It barely needs be stated that there are many problems of natural resource management that face 

communities in Australia and around the world.  Water, climate change, energy demands and food supply 

are paramount among these.  Whereas societies of our modern age have grown and developed through 

infrastructure programs that emphasised control and productivity through centralised systems of provision, 

the challenge that we face looking forwards is to recognise that decentralised systems of provision, as 

environmental technologies, have much to offer.   

A decentralised environmental technology possesses particular characteristics.  The notion of a 

‘technology’ has very much been influenced by the definition of an innovation, and so may variously refer 

to radical and/or incremental changes to ideas, products, processes and services.  An environmental 

technology, by this operationalisation, may refer to any of these, but is constrained by the requirement that 

it should provide an equivalent idea, product, process or service with less environmental impact than the 

pre-existing means.  A decentralised environmental technology locates the action of production to an 

individual actor and away from centralised systems of provision.   

Water, energy and food production each present fascinating opportunities as decentralised environmental 

technologies.  Bob Dick, a mentor to the thinking of this author, has suggested that “there is nothing as 

practical as a good theory”.  Through reflection on the nature of the problem, a preparedness to attempt a 

synthesis of perspectives not previously attempted and the genuine dialog between data and concept 

show a maieutic development of the DETA Model.   Its solid grounding and demonstrable effectiveness in 

the present study offers a framework for advancing the practical application and the scholarly study of 

decentralised environmental technologies and may provide a new level of rigor in the assessment of 
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decentralised systems of provision as a demonstrable pathway for a new paradigm of natural resource 

management.  The final matter for discussion is related to this challenge and concerns a particular 

development that occurred in parallel with this thesis research. 

CSIRO Modelling 

The Commonwealth Scientific Industrial Research Organisation (CSIRO) National Research Flagship, 

Water for a Healthy Country, is a research partnership between CSIRO, Australian and State 

Governments, private and public industry and other research providers.  Towards the end of this thesis the 

author became aware that in 2006, the Water for a Healthy Country Flagship released a report which was 

the product of a collaboration among Water for a Healthy Country Urban Waterscapes, Watersmart 

Communities and Watersmart Cities Programs, CSIRO Land and Water and CSIRO Manufacturing and 

Infrastructure Technology.  This research program aimed to develop “an attitudinal model designed to 

measure perceived acceptability of a given water supply system and to understand the factors that govern 

the acceptability decision” (Leviston, Porter and Nancarrow, 2006: i). 

The 2006 Water for a Healthy Country report, Interpreting Householder Preferences to Evaluate Water 

Supply Systems, presents the final stage in the development and investigation of the CSIRO model.  The 

CSIRO model taps many similar constructs to the DETA model.  But these constructs are developed and 

aggregated differently in the two studies, and the data are subjected to different statistical treatments. 

The CSIRO modelling employed five variables (Risk, Fairness, Community Trust, Subjective Assessment 

and Perceived Outcomes) in conjunction with Acceptability, defined as follows: 

• Risk Perception. Perceptions of risks posed by the water supply system to self, family, city and the 
environment. 

• Perceptions of Equity and Fairness. Perceptions of fairness to specific groups of users as well as 
the overall fairness of the water supply system. 

• Community Trust. Trust in the authorities to reliably provide good, safe and well managed water. 
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• Subjective Assessment. A weighted judgement of the overall risks of the water supply system versus 
its benefits. 

• Perceived Outcomes. Cognitive perceptions of outcomes relating to the sustainability, longevity, 
responsibility, certainty and appeal of the water supply system. 

• Acceptability. A rating of the overall acceptability of the water supply system. 

The CSIRO program uses structural equation modelling to address scenarios for community-based 

recycling plants and rainwater harvesting, respectively, as alternative water supply technologies to the 

mains supply.  The model outputs were based on three separate capital city water supply scenarios.  With 

regards to consistency, all three scenario models shared the same basic structure.  With the exception of 

trust, all four predictor variables had significant and, in many cases, strong relationships (either directly, 

indirectly or both directly and indirectly) with acceptability of the water supply system.  However, the 

outputs were not identical: relationships between some of the key variables suggest: “that the nature (i.e. 

water source, treatment style and distribution) of the supply system may influence what is most important 

to people when deciding to accept or reject it” (Leviston, Porter and Nancarrow, 2006: 3). 

In the Brisbane case, the Decentralised Environmental Technology Adoption Model proposed in this thesis 

research can be meaningfully compared with the CSIRO modelling because the CSIRO and DETA both 

model household decision making in connection with the conditions that make for acceptable use of 

rainwater harvesting as a water supply.  Though the point source of the rainwater supplies differs (CSIRO 

modelling considers a micro-community catchment as opposed to individual household catchments), the 

sample population and the water technologies are matched. 

The CSIRO model predicts 63% of the variance in acceptability of community-based recycling in the 

Sydney scenario and 68% in Melbourne.  The same model predicts 78% community acceptance of a 

rainwater harvesting supply augmentation in Brisbane.  

Leviston, Porter and Nancarrow reported that: “these are impressively high figures for a model that 

attempts to predict people’s decision-making” (2006: 66).  The CSIRO Model uses the Satorra-Bentler Chi-

Square, which incorporates a scaling correction for the chi-square statistic when distributional 
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assumptions are violated (Satorra and Bentler, 2001).  In the case of CSIRO’s structural equation model, 

SBχ2 confirms the model matches the data when the statistic is nonsignificant.  For the three scenarios 

respectively, the Sydney SBχ2 = 164.90 (df = 139, p = 0.066), the Brisbane SBχ2 = 72.32 (df = 44, p = 

0.05), and the Melbourne SBχ2 = 41.76 (df = 44, p = 0.57).  So, although the CSIRO model explained 

more of the variance in the Brisbane scenario, SBχ2 failed to disconfirm a significant difference between 

the hypothesised model and the data at the standard (p = 0.05) significance level.  TABLE 54 in the 

CSIRO study shows that other measures of goodness of fit were significant for the Brisbane sample.   

The CSIRO report concludes that: “the stability of the model in this phase of the research program supports 

the notion that a holistic measurement of people’s acceptance can be used to assess alternative water 

supply systems at a variety of scales, and has the capacity to inform how best to tailor community 

acceptance strategies to a specific water supply system under proposal” (2006: i). 

Though different statistical processes are employed in establishing the models, the DETA model 

compares favourably with the CSIRO modelling on four main counts.  First, it correctly groups 89.2% of 

cases and 84.2% of cross validated cases using the DFA ‘left one out’ procedure.  Second, the DETA 

model compares well on overall goodness-of-fit indices, with Wilks’ Lambda λ = 0.504 (Chi-Square χ2 

=74.938, df = 17, p < 0.000).  The third advantage of the DETA model concerns the high cooperation rate 

and a corresponding analysis of the threat of nonresponse bias.  The collective refusal rate for the CSIRO 

study was 65%, the cooperation rate is not reported and no analysis was presented of potential 

nonresponse bias.   

The final contrast of the DETA model in comparison with the CSIRO model is its foundation in a theoretical 

framework, allowing integration and/or comparison with the knowledge obtained in other investigations 

using the EM and DI theoretical frameworks.  It has not reinvented the wheel, but has added spokes to 

strengthen two wheels and perhaps added sufficient integrative structure to form a metaphorical bicycle 

from them. 
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CHAPTER 9: CONCLUSIONS 

 

With the South East Queensland region facing severe demand pressures on its water supply, but rainfall 

sufficient to meet half household demand, household rainwater harvesting (RH) offers genuine demand 

management potential.  This research sought understanding of the issues that influence household 

adoption of RH systems.  Three broad aims were relevant to this understanding: (a) characterisation of the 

RH systems adopted by households; (b) the issues that households identified as central to the adoption 

decision; and (c) assessing the efficacy of existing theoretical frameworks in accommodating the issues 

nominated by households.  This knowledge could aid identification of opportunities for proliferating 

household RH adoption to make more effective use of the rainfall resource. 

Ecological modernisation (EM) and diffusion of innovation (DI) perspectives were considered relevant to 

understanding the issues that influence adoption of decentralised environmental technologies like RH 

systems.  Broadly, EM contributed a systemic perspective, articulating how aspects of the broader context 

in which household RH adoption takes place can impact on the adoption process.  EM specifically raised 

the cost and economic value of RH as a water supply technology, technological innovations in the RH 

system components and the range of end uses of rainwater that these technologies enable, the state of 

the environment through the green millennium drought and the impacts of governance and regulation such 

as water restrictions and rebates for RH installation.  However, EM was criticised in this research for its 

weak understanding at the level of the household adopter, with an over-determination in its consideration 

for motivation for adoption at that level as a ‘lifestyle choice’. 

Diffusion of innovation (DI) research has contributed perspectives on the idiosyncrasies of individual 

adopters, for example characterising population cohorts at different stages of penetration on the basis of 

their information gathering and willingness to try new ideas, and articulating how perceived characteristics 
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of a given innovation contribute to the diffusion of that innovation.  The modern revival of diffusion study, 

as led by Rogers, placed a very clear emphasis on bridging interdisciplinary forays, making its general 

applicability a clear strength.  It can be understood as an artefact of seeking a ‘standard set’ of principles 

across a broad range of technical and conceptual diffusion issues, but as a generalised perspective, DI 

placed an over-reliance on induction from factor analyses in its formative conceptualisation.   

The present research argued this led directly to a significant error in its conceptualisation, by concatenating 

all of the advantages – perceived or real – that an actor obtained through the adoption of the innovation.  It 

meant that a single ‘superfactor’, which Rogers named ‘Relative Advantage’ provided significant statistical 

power in predicting the likelihood of adoption, but provided little insight on the actual advantages – 

perceived or real – by failing to separately articulate these advantages.  Moreover, successive DI research 

typically pursued replications of Rogers’ factor structure, which Rogers himself described as “an 

unnecessary standardisation of diffusion research perspectives (Rogers, 2003: 40).  This sameness 

provided little progressive illumination of the inherent weakness in the use of the Relative Advantage 

construct.  Rogers later argued: “We should increase our understanding of motivations for adopting an 

innovation.  Such ‘why’ questions have seldom been probed effectively by diffusion researchers.” (Rogers, 

2003: 115).   

The weaknesses of the EM and DI perspectives were balanced by a complementary concinnity in their 

synthesis, effectively ‘substituting’ the constructs derived from the DI perspective into the over-determined 

social theorising of the EM perspective, and conversely, substituting the constructs derived from the EM 

perspective into the ill-conceived ‘catch-all’ Relative Advantage in the DI perspective.  With conceptual 

and empirical refinement, the synthesis retained the strengths of each perspective and eliminated the 

respective weaknesses.   

Because the research centred on the household as the unit of analysis, the importance of maintaining an 

understanding of the issues in RH system adoption as they occurred from the perspective of individual 

households was reflected in a constructivist analytical methodology.  The synthesis bridged the deductive 
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derivation of the EM perspective with the inductive derivation of the DI perspective.  Finally, through the 

Extended Case Method, the synthesis position itself as merely a formative solution, open to iteration, and 

data from the pilot showed the value of this methodological approach by allowing the Independence 

construct to be drawn into the model, linking conceptual perspicacity with empirical rigor.   

A synthesised model, named the Decentralised Environmental Technology Adoption (DETA) Model was 

conceived from the synthesis of these developments.  This model was reduced to a series of fourteen 

constructs that reflected the contributions of each perspective.  The constructs are:  

• Community: If normative societal values support an innovation it is more likely to be adopted. The 
value attached by the household to social system norms is also considered. 

• Compatibility: Innovations that are compatible with the physical parameters and values of the 
household are more likely to be adopted. 

• Cost and Economy: The cost benefit of an innovation influences its adoption, with lower initial outlay 
and conducive to adoption and ongoing financial benefit conducive to continuity. 

• Ease of Use: Difficulties experienced or perceived in understanding, installing, use and maintenance 
of RH inhibit its adoption. 

• Environment: Environmental awareness facilitates adoption of pro-environmental technologies and 
behaviours so that households, ceteris paribus, seek to reduce their ecological footprint. 

• Experience: Past experience and/or the ability to trial an innovation facilitates adoption. 

• Governance and Regulation: Pro-environmental policy initiatives including mandates and rebates 
indirectly facilitate RH adoption. 

• Image: Many adoptions of innovations are facilitated by a status or other image component. 

• Independence: One of the principle advantages gained by household RH installation is at least partial 
independence from the mains water supply.  This has volumetric and temporal dimensions. 

• Relative Advantage: The perceived advantages conferred by adoption of RH directly facilitate 
household adoption. This construct has been modified to concern RH relative to other water supply 
technologies. 

• System Sophistication: RH systems vary in their capabilities and end uses.  It is appropriate to 
discriminate among RH system sophistication. 



 429 of 457 

• Technological Innovation: Innovation of RH system component technologies facilitates adoption by 
providing access to better (more efficient and effective) technologies.  

• Visibility: Visible innovations are more likely to be adopted than those that are unseen. 

• Voluntariness: Objective and subjective freedoms in making the adoption decision influence adoption 
and continuity. 

The constructs were interrogated in the data collection procedure through a comprehensive self-report 

survey comprising 350 items spanning these constructs and other information relevant to the research 

interest.   

560 households in the South East Queensland region (comprising 280 RH adopters and 280 nonadopter 

households) were approached as participants. The overall response rate was 32.0% calculated using the 

stringent AAPOR RR1 methodology, with a 61.6% AAPOR COOP1 rate for Adopters and a 40.0% AAPOR 

COOP1 rate for nonadopters.  Responses provided 100,000 datapoints for the analysis.  Split-half 

analyses conducted on the basis of the extent of prompting required for households to return the surveys 

showed the potential risk of non-response bias was unlikely for the non-returned surveys. 

To qualitatively enrich the structure provided by quantitative analyses, the data collection instruments used 

open ended written responses asking participants’ reasons for RH adoption.  To establish what issues 

were ‘front-of-mind’ in the household RH adoption decision, this initial grounded enquiry preceded 

introduction of the theorised constructs.  15,000 text responses were thematically coded, with 100% of the 

issues nominated by households accommodated by the constructs in the DETA Model.  Responses coded 

against the constructs of Independence (61%) and Compatibility (58%) were the primary reasons 

nominated by RH Adopters.  Cost and Economy (48%) and non resident dwelling ownership (46%) were 

the primary reasons nominated for nonadoption. 

85,000 data points were used in a series of staged quantitative analyses focused on the specific impacts 

of the theorised constructs.  In simple descriptive analyses, RH Adopter households reported that (a) 

Independence (16.0%), (b) regard for the environment (12.4%), (c) ongoing economy (12.2%),and (d) 
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ease of use (10.1%) were the main reasons households installed RH systems.  For nonadopters, the 

upfront cost (19.6%) and non resident dwelling ownership (9.9%) were the main inhibitors of adoption, with 

regard for the Environment (13.7%), the Relative Advantages of RH as a household water source (12.3%) 

and Ease of Use (10.6%) identified as the most significant positive influences on household RH adoption. 

Proceeding to more advanced analyses, principal components and scale development analyses identified 

35 subfactors within the fourteen constructs.  Seventeen of these subfactors contributed to a discriminant 

function showing that the DETA Model explained 89.2% of the variance in household RH adoption 

decision making (p < 0.000), and 84.2% of cross validated cases grouped correctly classified using the 

DFA ‘left one out’ procedure (p < 0.000).  Subfactors in the constructs of Community, Ease of Use, 

Relative Advantage, System Sophistication and Technological Innovation were most effective in 

discriminating between RH adopters and nonadopter households.  Discriminant functions also showed the 

DETA model improved on the subfactors derived solely from the EM perspective (76.7% of variance) and 

on the subfactors derived solely from the DI perspective (81.5% of variance). 

Finally, physical characteristics of adopters’ RH systems (catchment area, storage size, treatment, end 

use) and the ‘ideal’ RH systems planned by nonadopters were combined with analyses of secondary 

source data including CSIRO modelling for reduced regional rainfall, PURRS time-step demand modelling 

and Queensland Government water management policy and programs.   

On the basis of this research, two major recommendations were developed for Government policy and 

program action.  The first recommendation was for the Queensland Government to maintain RH rebate 

programs for households indefinitely.  This recommendation supported the findings that two thirds of current 

nonadopters reported an interest in RH adoption, but also reported that upfront cost of RH adoption was a 

primary impediment reflecting significantly lower household income for the nonadopter cohort.  The aim of 

the recommendation was to promote continued support for household RH adoption, based on demonstrated 

cost-yield analyses that position RH as an economically favourable alternative to existing development of 

centralised water supply programs and having also, beneficial environmental and social externalities.   
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The second recommendation was to refine the conditions of eligibility for the RH installation rebate 

program and some general remediation of governance issues associated with household RH.  Ten 

subsidiary recommendations provided the explicit nature of these proposed refinements.  Based on the 

findings of this research, the recommendations aimed to facilitate further household RH adoptions and to 

increase the effectiveness, safety and demand management capability of household RH. 

The DETA Model also provided ‘conceptually-oriented’ outcomes that relate to existing knowledge, theory 

and model development.  The DETA Model addressed scholarly observations that EM should be 

contextualised in more established frameworks of enquiry and that DI research would benefit from greater 

attention given both to systemic perspectives and integration with existing perspectives.  The DETA Model 

consequently resolved problems of conception and methodology that have troubled core aspects of the 

EM and DI perspectives.  For the EM perspective these concerned ‘overdetermination’ of social elements 

in environmental technology adoption as a ‘lifestyle choice’ or a consequent assumption of stepwise 

adoption of environmental technologies and an exiguity of analyses that empirically demonstrated the 

impact of EM’s theorised constructs ‘in action’.  For the DI perspective this mainly concerned an abiding 

over-reliance on poorly conceived induction from factor analyses.  With most of the variance in DI 

modelling consequently attributed to a catch-all construct of ‘the advantages obtained by adoption’, this 

obscured more fine-grained understanding of the factors that influence adoption.   

The DETA Model provides a complementary lens to contemporary efforts to understand issues in 

community acceptance of rainwater harvesting specifically, and water supply and management initiatives 

and sustainable development more broadly.  The conceptual architecture of the DETA Model makes it 

versatile and applicable across a wide range of decentralised environmental technologies and systems of 

provision.  It offers a framework for advancing the practical application and the scholarly study of such 

systems.  Its solid grounding and demonstrable effectiveness in the present study may provide a new level 

of rigor in the assessment of decentralised systems of provision as a demonstrable pathway for a new 

paradigm of natural resource management.   
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The actors in the DETA framework are inherently decentralised, like the technologies they may adopt.  

Therefore, a key conceptual outcome of this research is the greenfield opportunity for the application of 

the DETA Model to other decentralised units of analysis - whether households, businesses or some other 

unit - and to other decentralised environmental technologies.    

Future directions for research most obviously include the opportunity for the direct application of the DETA 

Model to understand issues in the decentralised adoption of ‘hard’ environmental technologies like energy 

generation through PV, wind and tidal (or river current) systems and to water resource management 

systems like atmospheric condensors, grey water recycling and onsite treatment systems.   

The potential application of the DETA Model to ‘softer’ decentralised systems of provision is also very 

exciting.  Issues such as ‘food miles’, ‘food carbon’, the broader environmental impacts of broad acre 

production and chemical use at these massive scales, as well as the ascendant value of local and organic 

production are coming under increasing public and institutional scrutiny.  Though food production, like 

rainwater harvesting is an ancient practice, localised food production can be considered innovative when it 

is ‘new to an adopter’.  It is wholly coherent with the constructs of the DETA Model, requiring the same 

transcendence from established social systems. 

Our communities are inescapably plural and the propensity of some community segments to pursue 

decentralised systems is inherent.  Perhaps the most fascinating future prospect for decentralised systems 

is to discover how institutional and governance frames will transform to accommodate decentralised 

environmental technologies, to accommodate perceptions of a centralised lack of control, and to manage 

decentralised environmental technologies in the integrative capacity they so clearly offer in response to 

the challenges of effective resource management for a sustainable future. 
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Appendix A1: Script for initial respondent contact 
 
(This is a face-to-face meeting, with my spoken content in italics) 
 
Presentation of Griffith University photo identification. 
 
Good morning/afternoon.  My name is Ian White.  I am a PhD student at Griffith University.  I’m interested 
in understanding why some households get rainwater tanks and others don’t.  Do you have a rainwater 
tank here? 
 
Householders typically responded with an answer longer than yes/no.  In this time I could maintain eye 
contact and retrieve from my satchel a reply paid envelope.  This was a pre-paid Australia Post envelope 
and was printed with an attractive picture.   
 
If appropriate to the content of the householder’s response, I would reflect some of their content to build 
rapport, or otherwise continue with: 
 
I have a survey.  It’s not one you do now.  I have a reply paid envelope so that you can do it in your own 
time and pop it back when you’re done. 
 
Then I would give them the envelope to hold and from separate sections in my satchel withdraw either the 
survey appropriate to the RH or no-RH condition as appropriate.  I’d continue 
 
I’ll show you the survey, and then you can make your own decision about whether you’d like to participate 
or not. 
 
Then I would, with the survey facing the householder, step through the survey.  Showing the cover page, 
I’d continue: 
 
This research is supervised by Dr Peter Daniels and approved by the Griffith University Ethics Committee.  
There are contact details for Peter here (pointing) for the Ethics Committee here (pointing) or for me 
(pointing) if you have any questions or queries. 
 
Opening the survey for households with a RH system, I’d continue: 
 
The first part asks you to describe your RH system.  All you have to do is tick the boxes that apply.  For 
instance if you have a single tank tick here (pointing), a filter, tick which one (pointing).  If you’ve thought 
about getting something, say a first flush diverter (pointing) what you would do is circle that box instead 
(pointing to the instructions on how to complete Section 1). 

or 
 

Opening the survey for households without an RH system, I’d continue: 
 
The first part asks you to describe what sort of RH system you think you might get.  All you have to do is 
tick the boxes that apply.  For instance if you’d choose a single tank tick here (pointing), a filter, tick which 
one (pointing).  If you are confident that you wouldn’t get a rainwater system then you would leave this 
section blank (pointing to the instructions on how to complete Section1). 
 
Turning to Section 2, I’d continue: 
 
Most of the survey looks like this.  All you have to do is read the statement and circle whether you Strongly 
Agree, Agree Disagree or Strongly Disagree (pointing across the scale).  If you neither Agree nor 
Disagree, just circle N for Neither (pointing). 



 
The last page has a bit of demographic data.  I’m going to 500 homes across South East Queensland, but 
there are over a million homes in South East Queensland, so even though 500 sounds like a lot, my 
sample size is quite small. The demographic data you fill in here helps me to check my sample against 
demographics reported by the Australian Bureau of Statistics, just to check I have a good cross section of 
our community. 
 
Then I would respond to any questions.  When these were concluded, I’d continue: 
 
Are you happy to fill this in for me? 
 
If they responded ‘no’, I’d wish them a peaceful afternoon. 
 
If they responded ‘yes’, I’d continue: 
 
Thanks, I really appreciate that.  Before I go, can I just check your address, please?  (I’d then write this 
down against the numbered survey given to the respondent).  Now some people like it if I give them a 
follow-up call in a week or so, just to see if you’re having any hassles. Others don’t, it’s totally up to you.  
Would you like me to give you a call? (If yes, I’d record a contact number and a name, then ask if there 
was a good or a bad time to call).  Finally I’d thank them again and wish them a peaceful afternoon. 



Appendix A2: First follow-up letter used in respondent contact 
 
(This letter was mailed ten days after survey administration) 
 

Ian White 
Room 2.07, Building N13 
Griffith University 
Nathan Q 4111 
t: 07 3735 7186 
e: s2191013@student.griffith.edu.au 

 
 

     Household RH Project 
 
 
 
Dear Householder 
 
I am writing to thank you again for your participation in the Household RH Project I am conducting on 
behalf of the Cooperative Research Centre for Water Quality and Treatment for my PhD thesis at Griffith 
University. 
 
I have tried hard to obtain a good cross section of our community across the wider South East 
Queensland region.  Although there are similarities, no two households are alike, so the views and 
experiences of your household are important to this research 
 
I must say, I have been impressed with the responses I have received so far.  The information that you 
have provided so far has allowed me to understand more about your experiences.  This is particularly 
important because there is no other research on household experiences of rain tanks and RH published in 
Australia or overseas. 
 
It would be ideal to have any outstanding surveys completed and mailed this week.  If you have not yet 
returned the survey, may I take this opportunity to encourage you to please complete it and pop it in the 
mail as soon as possible.    
 
Most households I contacted do return their survey.  I hope you will be able to return your survey soon, 
too. If you have misplaced the survey I left with you, or if you are experiencing any other difficulties 
completing or returning the survey, please contact me and I will do my best to help you.  I may be 
contacted at home on 3282 5185. 
 
Thank you once again.  Your contribution of time and your interest in household RH is valuable and 
appreciated. 
 
Sincerely 
 
 
 
Ian White 

mailto:s2191013@student.griffith.edu.au


Appendix A3: Second follow-up letter used in respondent contact 
 
(This letter was mailed twenty days after survey administration) 
 

Ian White 
Room 2.07, Building N13 
Griffith University 
Nathan Q 4111 
t: 07 3735 7186 
e: s2191013@student.griffith.edu.au 

 
 

     Household RH Project 
 
 
 
Dear Householder 
 
I am writing to thank you again for your participation in the Household RH Project survey. 
 
However, I have not yet received your response.  So, I wonder if you are having difficulties completing the 
survey.  
 
If you have misplaced the survey I left with you, please let me know – I will send you another copy, by 
email or in the post, as you prefer.  If you are having some other difficulty, please email me or call me at 
home (3282 5185).  Of course, I am happy to help you wherever I can. 
 
The 500 homes I have approached to complete this survey is not a large sample – there are one million 
homes in south east Queensland.  So every survey is important to this research.  I have tried hard to 
obtain a good cross section of our community.  Although there are similarities, no two households are 
alike, so the views and experiences of your household are important to this research.   
 
Most households I contacted do return their survey.  I hope you will be able to return your survey soon, 
too.  This is particularly important for homes that are not currently using a rainwater tank.   
 
Outstanding surveys delay the rest of this project.  It would be ideal to have any outstanding surveys 
completed and mailed this week.  I encourage you to please complete it and pop it in the mail as soon as 
possible.   
 
Thank you once again.  Your contribution of time and your interest in household RH is valuable and 
appreciated. 
 
 
Sincerely 
 
 
 
Ian White 

 

mailto:s2191013@student.griffith.edu.au


Appendix A4: Final follow-up letter used in respondent contact 
 
(This letter was mailed four weeks after survey administration with a duplicate of the appropriate survey 
and prepaid envelope) 
 
 

 
Ian White 
Room 2.07, Building N13 
Griffith University 
Nathan Q 4111 
t: 07 3735 7186 
e: s2191013@student.griffith.edu.au 

 
 

     Final Notice for Household RH Project 
 
 
 
Dear Householder 
 
I am writing to thank you again for agreeing to participate in the Household RH Project survey. 
 
I have not yet received your response.  Usually, after this period of time, it is because the survey has been 
misplaced. 
 
The 500 homes I approached to complete this survey is not a large sample – there are one million homes 
in south east Queensland.  So every surveyed household is important.  I have tried hard to obtain a good 
cross section of our community.  Although there are similarities, no two households are alike, so the views 
and experiences of your household are valuable to this research.   
 
Outstanding surveys delay the rest of this project.  Most households I contacted do return their survey.  I 
hope you will be able to return this replacement survey soon.   
 
This is the final request for you to complete the enclosed survey.  I have reached the limit of my budget 
and can not afford to contact you again.  You are welcome to call me at home (3282 5185) if you require 
any further assistance.  
 
It would be ideal to have any outstanding surveys completed and mailed this week.  I encourage you to 
please complete it and pop it in the mail as soon as possible.  Thank you once again.  Your contribution of 
time and your interest in household RH is valuable and appreciated. 
 
 
Sincerely 
 
 
 
Ian White 
  
 

mailto:s2191013@student.griffith.edu.au




Appendix B1: Pilot RH Adopter Survey 

  

 
Form: 

 
 
From the researcher … 
 
 
Thank you for agreeing to take part in this research. Your interest is valuable and appreciated.   
 
The household rainwater tank is an icon of our culture, yet fewer than one in ten homes in south east Queensland have one installed. 
What convinces households to install a tank?  What benefits do households get from their tanks?  What elements and technologies  
are used in household rainwater harvesting systems?  Is regulation a good idea? 
 
By understanding the views and experiences of households like yours, your response to this survey can help form part of the solution 
to problems of future water supply and demand in south-east Queensland.   
 
A random sample of households is quite important to this type of research.  Your privacy is respected and will be preserved by the 
researcher.  In fact, your confidentiality is assured because results from these surveys will only be considered in aggregate – that is, 
added together with all the other households that are surveyed.   
 
This research project is supervised by Dr Peter Daniels (tel: 3735 7189), at the Australian School of Environmental Science, Griffith 
University and is supported by the Cooperative Research Centre for Water Quality and Treatment.  The contents of this survey have 
been approved by the Griffith University Ethics Committee (tel: 3735 5473).  If you are interested, I am happy to provide you with a 
written summary report of results at the conclusion of the study. 
 
 
 
How to complete this survey 
 
This survey collects information about YOUR HOUSEHOLD and the RAINWATER HARVESTING SYSTEM you use.   
It is strongly preferred that the survey be completed by an adult (either female or male) who is a HEAD of the household.   
Instructions in the survey may show you do not need to complete every item. 
 
There are three basic types of questions: 
 
1.    Unless otherwise stated, most of the items on this survey require you to tick one or more boxes, like so.    
      Please tick all the boxes that apply to your household. 
 
2.    A question may ask you to circle one or more boxes, like so.    Please circle all the boxes that apply to your household. 
 
3.   _____A question may ask you to write a number, a few words or sentences. If you would like to write more, please feel free      

to attach one or more pages to this survey.  
 
 
When you finish, please read through again to check you have answered every relevant question. If you like, feel free to change         
or add to any responses.  
 
Incomplete surveys affect confidence in interpreting the results. Telephone and email support is available to assist you with this survey 
if you would like it.  A LARGE PRINT format is also available on request.   
 
For questions or comments regarding this survey, or if you would like a summary of the aggregated results, please contact the 
researcher, Ian White at s2191013@griffith.edu.au or mobile: 042 1166 287. 
 
When you are finished, please use the reply-paid envelope and pop it in the mail to: 
 
Ian White 
Household Rainwater Harvesting Project 
Australian School of Environmental Studies 
Griffith University 
NATHAN Q 4111      

Thank you again 
  
 
        Ian White (PhD Candidate, Griffith University) 



 
 
 

SECTION 1: Your Dwelling… what parts of a rainwater harvesting system are already present and what additions are likely 
 

 (IN THIS SECTION … Please tick  all that currently apply and please circle    any additions you would like to make) 

Q1.1  What is the main roofing material at your household? 
 

  Colourbond sheeting 
  Zincalume sheeting 
  Asbestos sheeting 
  Cement tiles 
  Terracotta tiles 
  Other (please describe)   _________________________________________________________________________________________________ 
 
Q1.2  Lead based paint was used prior to 1970.  Is there any lead flashing or lead-based paint on the roof/collection area?   
 

  Yes          Probably        Probably not       No            Unsure 
 
Q1.3  Which of the following devices are used at your household for filtering leaves or debris. 
 

  
 

 Screen or mesh cover over 
roof gutters 

 Bristle brush-guards that fit 
inside gutters 

  Leafless guttering 
 

  Gutter outlet strainers at   
downpipes 

  

 
  Other (please describe) 

  Downpipe leaf diverter/s   Filter screen at the tank   ‘First flush’ diverter  
 
Q1.4  Which of the figures below best shows the set-up of rainwater tank/s at your household? 
 

                         

  

  Base tank only   Separate base tanks   Additional Base tanks   Other (please draw it above) 

 
Q1.5  What material is the main (largest) household rainwater tank made of? 
If you have more than one tank, please write ‘2’ to the left of the appropriate box to show the material of the second tank, 3 for a 3rd. 
 

  Colourbond 
  Zincalume 
  Food grade polyethylene (PE) 
  Concrete 
  Other (please describe)   ___________________________________________________________________________________________________ 
 
Q1.6  How old is the main (largest) household rainwater tank? 
If you have more than one tank, please write ‘2’ to the left of the appropriate box to indicate the age of the second tank, 3 for a 3rd.  
 

  Less than 1 year 
  1 year to 3 years 
  4 years to 9 years 
  10 years to 20 years 
  20 years or more 
 
Q1.7  Was the main (largest) household rainwater tank first installed for or by YOUR household? 
 

  Yes, installed by members of this household       Yes, installed for this household      No, installed by an earlier household 



Q1.8  What is the maximum volume of your rainwater tank/s?   _______________________________ L 
 
Q1.9  Does the raintank have a top-up system to supply water to the tank from the mains water supply? 
 

  Yes, automatic         Yes, manual         No top-up system installed   Unsure 
 
Q1.10  Does your household use a switching device to alternate between the mains and tank water supply? 
 

  Yes, automatic         Yes, manual         No switching system installed   Unsure 
 
Q1.11  Is a backflow prevention device (BPD) installed to stop rainwater entering the mains water supply? 
 

  Yes, one at the tank and one at the meter     Yes, one at the tank          No   Unsure 
 
Q1.12  Does your rainwater system use a pump? 
 

  Yes          No         Unsure 
 
Q1.13  How, if at all, does power failure (a loss of electricity supply) affect your household’s access to water?                                                   
 
 _______________________________________________________________________________________________________________________________ 
 
Q1.14  Which of the following devices are fitted to the rainwater tank/s at your household.  
 

  
  Frog-flaps stop small 
animals getting into the tank b
let water overflow out 

  Vent cowls allow air to 
circulate in the tank to help sto
bad smells 

  Safety hatch fitted to 
access allowing internal 
cleaning and inspection 

 A ‘fines filter’ removes 
small particles before they 
reach the pump 

 

  

 
  Food-grade tank liner    Floating hose draw–off    Deep tank draw–off    Water depth gauge  
 
Q1.15 Which types of filters are used on rainwater at your household?  
 

  Coarse particulate filter/s 
  Cellulose filter/s 
  Disk filter/s 
  Fine particulates filter/s 
  Ceramic filter/s 
  Polypropylene filter/s 

  Sand filter/s 
  Ion-exchange resin filter/s 
  Activated carbon filter/s 
  A filter is used, but I don’t know what type/s 
  I don’t know if a filter is used on rainwater  
  No filter is used on rainwater 

 
Q1.16  Which of the following disinfection devices does your household use with the rainwater supply?  
  

  Solar hot water service with booster usually ‘on’ 
  Solar hot water service 
  Gas hot water service 
  Electrical hot water service 
  Instantaneous hot water service 
  Distiller unit 

  Ultraviolet light treatment 
  Reverse osmosis membranes 
  Ozone gas treatment 

    A kettle, if making tea/coffee from rainwater  
    A kettle for pre-boiling drinking water 
    None of these disinfection devices are used 

 
Q1.17  What, if any, further additions do you plan to your rainwater system (eg additional tanks)? 
 
 _______________________________________________________________________________________________________________________________ 
 
Q1.18  How much did the household RH system cost after installation costs and rebates?   $_____________________________ 
 

  
Q1.19  How much did (or will) this household receive in rebates for the rainwater tank          $_____________________________ 



  

SECTION 2: Decision Making  
 
Q2.1  Why did your household get a rainwater tank?     _____________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
Q2.2  Was this household REQUIRED to install a rainwater tank as a condition of building or renovations? 
 

  Yes  (please go to Q 2.3)    No  (please go to Q 2.4)          Unsure  (please go to Q 2.3) 
 
Q2.3  Would your household have voluntarily installed a rainwater tank anyway? 
 

  Yes             No    Unsure   
 
Questions Q2.4 to Q2.11 ask about some specific factors that may have influenced your decision to install a rainwater tank.  
Thinking back to your actual decision, please write your comments about what aspects of this factor were significant for you 
AND THEN rate the impact of the overall factor on your decision to get a rainwater tank. 
 

1 Critically relevant to this household 
2 Highly relevant to this household 
3 Moderately relevant to this household 
4 Somewhat relevant to this household 
5 Moderately irrelevant to this household 
6 Totally irrelevant to this household 

 
Q2.4  How did the various costs influence your decision? (eg cost of tank, installation, new plumbing, future water bills etc) 
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.5  What role did the size of the tank play in your decision?  (eg volume and shape of the tank, space in yard) 
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.6  What role did time factors play in your decision? (eg time researching and planning idea, supplying delays) 
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.7  How did Council or the State government influence your decision? (eg regulation governing installation, rebates) 
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.8  How did the environment influence your decision? (eg drought, desire for ‘greener’ lifestyle, climate change) 
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.9  What role did technology play in your decision? (eg improved tank health and safety, cheaper pumps and accessories) 
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.10  What role did community play in your decision? (eg sense of responsibility, population growth, future generations) 
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.10  What role did self and family play in your decision? (eg assuring your own needs, independence in water restrictions) 
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.11  How did your planned end uses of rainwater influence your decision? (eg treatment, plumbing, garden maintenance) 
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.12  What other factors influenced your decision?  
 
 ____________________________________________________________________________________________________________________ (       ) out of 6 
 
Q2.13  How, if at all, have your thoughts or attitudes to household rainwater harvesting changed since acquiring the tank?  
 
 _______________________________________________________________________________________________________________________________ 



Q2.14  How, if at all, have your thoughts or attitudes to household water use/conservation changed since acquiring the tank?  
 
 _______________________________________________________________________________________________________________________________ 
 
Q2.15  What are the benefits to your household of having a rainwater tank? 
 
 _______________________________________________________________________________________________________________________________ 
 
Q2.16  What was one of the biggest issues or problems you encountered during the purchase, installation, use or   

maintenance of the household rainwater tank, and what solutions did you reach?    
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
Q2.17  For each information source below, use the rating scheme below to rate the OVERALL QUALITY of information your 

household got about rainwater tanks.  Please write how you ‘accessed’ the sources used. 
 
Score Quality rating Description of quality rating 

1 Not applicable:      The household obtained no information from this source 
2 Very low quality:    The information we got was generally misleading, contradictory or wrong 
3 Low quality:           The information we got was generally too broad to really help with our specific need 
4 Moderate quality:  The information we got was generally helpful, but left out important details 
5 High quality:          The information we got was generally good and reasonably complete 
6 Very high quality:  The information we got was generally excellent, complete and easy to understand 

 
     Source of InformaYour score tion Used   How did you get this information?  

out of 6  (eg telephone, in person, internet etc.)  
 Local Council rebate information or advertisement  
 State Government rebate information or advertisement  
 Council/Government regulations and guidelines  
 Water Authorities (eg SEQ Water, Brisbane Water)  
 Environmental organisations  
 Rainwater tank suppliers or manufacturers  
 Media organisations (eg TV show, magazine, newspaper)  
 Friends, work colleagues or family (outside the household)  
 Builder or tradespeople  
 Other (please describe)  ________________________________  
 
 
SECTION 3: Household Behaviour 
 
Q3.1  In the past twelve months, please tick whether any of the following activities actually occurred at your household. 
If you have had more than one address, please consider what the members of the household have actually done in this time. 
 

 mulched the garden  stopped washing the car  checked the household water meter 
 checked soil moisture before watering  washed the car on lawn/with a bucket  checked the raintank water level 
 grew more water hardy plants    tried to do only full loads of washing  recycled water to garden 
 either early or late garden watering  took shorter showers/shallow baths  recycled water to toilet 
 watered plants/lawn less or less often  used or installed low-flow shower   recycled water to laundry 
 turned off or fixed dripping taps  used or installed dual flush toilet/s  had a household water audit 
 
Q3.2  Who last cleaned the roof gutters?  (please describe: eg self, plumber, friend etc .. )   
 
 _______________________________________________________________________________________________________________________________ 
 
Q3.3  When is the last time the roof gutters were cleaned of leaves and other debris? 
 

  In the last 6 months 
  In the last 12 months 
  More than 12 months ago 

  

  As far as I know they have never been cleaned. 



  

Q3.4  How clean were the roof gutters the last time they were cleaned of leaves and other debris? 
 

  Little or no leaves or debris 
  A moderate amount of leaves or debris 
  Quite a lot of leaves and debris and some pooling of water 
  Blocked or overflowing 
  I don’t know. 
 
Q3.5  De-sludging is the removal of any accumulated debris in the tank.  When was the rainwater tank last de-sludged? 
 

  In the last year 
  In the last 2 years 
  More than 2 years ago 
  As far as I know it has never been de-sludged. 
 
Q3.6  Who last de-sludged the rainwater tank?  (please describe: eg self, plumber, friend etc .. )   
 
 _______________________________________________________________________________________________________________________________ 
 
Q3.7  What chemicals or other products does your household add to the rainwater in your tank? 
 
 _______________________________________________________________________________________________________________________________ 
 
Q3.9    On average, how many HOURS each YEAR do you estimate are spent maintaining the                                              

household rainwater system (including roof, gutters, tank, and all associated equipment)?   ______________________                      
 
Q3.10  On average, how much money is spent each YEAR maintaining the household rainwater system?   $______________ 
 
Q3.11  Please tick as many of the activities below that your household is likely to do in the next twelve months. 
 

 mulch the garden  stopped washing the car  check the household water meter 
 check soil moisture before watering  washed the car on lawn/with a bucket  check the tank water level 
 grow more water hardy plants    try to do full loads of washing  recycle water for the garden 
 restrict to early/late garden watering  take shorter showers/shallow baths  recycle water to the toilet 
 water plants/lawn less or less often  install or use a low-flow showerhead  recycle water to do the laundry 
 turn off or fix dripping taps  install or use dual flush toilet/s   have a household water audit 
 
Q3.12  How has use and maintenance of the rainwater harvesting system affected the day to day routine of your household? 
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
Q3.13  Have members of your household (a) EVER USED, (b) WOULD USE OR (c) WOULD NOT USE rainwater for the following 

uses.  Please write what treatment, if any, you would give the rainwater before use. 
 

HOUSEHOLD USE OF RAINWATER                 Have used  Would use  Would not use Treatment (filtration, disinfection etc) 
Drinking water           …………………………………………………… 
Preparing food and cooking           …………………………………………………… 
Washing dishes            …………………………………………………… 
Laundry           …………………………………………………… 
Showering/bathing           …………………………………………………… 
Toilet flushing           …………………………………………………… 
Irrigating food plants (fruit, vegetables etc)           …………………………………………………… 
Irrigation of non-food plants (lawn etc)           …………………………………………………… 
Vehicle washing            …………………………………………………… 
Water feature, fishpond, fountain, pool           …………………………………………………… 
Other (please describe)   _______________           …………………………………………………… 
 
Q3.14  Does your household have a responsibility to do MORE to conserve water? Why?   
 
 _______________________________________________________________________________________________________________________________ 
 
Q3.15  What other pro-environmental technologies does your home use (eg composting, solar hot water, architecture)?   
 
 _______________________________________________________________________________________________________________________________ 



  

SECTION 4: Your views  
 
Q4.1  How much do you agree with each of the following statements?   
         (For each item, please circle your rating from strongly agree to strongly disagree) 
      
When it rains, it is better to store rainwater in a tank for later use than to let it run down the drain SA A N D SD 
When households install a rainwater tank it is usually for environmental reasons SA A N D SD 
Household using a rainwater tank can relax about their water consumption SA A N D SD 
When households install a rainwater tank it is a choice made as part of community responsibility SA A N D SD 
Councils over-regulate the conditions for rainwater tank installation  SA A N D SD 
The Council rebate is an important part of household decisions to get a rainwater tank SA A N D SD 
Ensuring access to water during mains restrictions is an important part of household decisions        
to get a rainwater tank 

SA A N D SD 

Technological advances have made rainwater tanks are better and safer to use SA A N D SD 
Water from a rain tank can be easily used where and when it is wanted SA A N D SD 
Currently, the mains water pricing is too cheap to stop people wasting it SA A N D SD 
The quality of water from the raintank is appropriate for the uses of this household SA A N D SD 
Households should take pride in using rainwater as a supplement to the mains water supply SA A N D SD 
Rainwater is too difficult or expensive to integrate with the existing household plumbing SA A N D SD 
The concept of harvesting rain for household use is simple and appealing SA A N D SD 
It is important for households to trial a rainwater system before installation SA A N D SD 
It is important that this household be seen to install a tank to set an example to others SA A N D SD 
Rainwater tanks should be compulsory on all existing homes SA A N D SD 
Too much time and effort with Council and suppliers is needed to plan and arrange the RH system  SA A N D SD 
In a decision to get a tank, advice from friends is more important than government campaigns SA A N D SD 
It is difficult to sacrifice the yard space required by the rainwater tank SA A N D SD 
It’s hard to get reliable, good quality advice on rainwater tanks and products SA A N D SD 
It is better to keep the rainwater tank full for emergencies than to use it regularly SA A N D SD 
Household rainwater tanks is not an answer to the water problem – we need more dams & desalination SA A N D SD 
When this household buys products we try to consider how our use of them affects the environment SA A N D SD 
We should be able to use all the mains water we want because we pay for it SA A N D SD 
It is unfair and a bit pointless that some households pay for rainwater tanks, while others don’t SA A N D SD 
We need tougher government regulation to force people to use less water SA A N D SD 
The State Government rebate is an important part of household decisions to get a rainwater tank SA A N D SD 
The upfront cost of a rainwater tank is outweighed by its overall benefit  SA A N D SD 
We are happy with the balance of tank size and quantity of water obtained from the raintank SA A N D SD 
It is important for members of this household to drink water free of government chemical additives SA A N D SD 
Use of the household rainwater system has upset the lifestyle of household members SA A N D SD 
When we show the tank to guests, we often start talking about the water situation SA A N D SD 
Consumer demand for rainwater tanks (and associated products) is driven more by recognising    
the need for water conservation than by financial incentives offered for adoption. 

SA A N D SD 

Rainwater collected by this household is safe to drink without further treatment SA A N D SD 
Having a rainwater tank gives households a quality of lifestyle advantage over homes that don’t SA A N D SD 
This household usually practices habits that conserve our own water use SA A N D SD 
Rainwater is becoming more attractive in the face of Government plans to recycle water SA A N D SD 
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Q4.2  Does the south-east Queensland community have a responsibility to do MORE to conserve water? Why?   
 
 _______________________________________________________________________________________________________________________________ 
 
Q4.3  What should councils and government do to support household provision and maintenance of rainwater tanks?  
 
 _______________________________________________________________________________________________________________________________ 
 
 
SECTION 5: Household Demographics 
 
Checking demographic information from the survey sample against Australian Bureau of Statistics information helps to 
ensure a good cross-section of our community has responded to this survey.   
 
Q5.1  How many people live at this household?  Age:____<18 years  ____18-35 years  ____36 – 55 years  ____56+               

                                                                                   (eg: _1_ <18            _0__18-35             2__36-55              _1__56+) 
 

Q5.2  How long have you lived at this address ?  _____________________________________________________________ 
 
Q5.3  Type of household dwelling: House  Townhouse   Unit     Other:  (please describe)____________________________ 
 
Q5.4  What size Lot is the dwelling on: _______________ m2     Q5.5  Estimated roof area of the dwelling: ________________ m2  
 

If you do not have this information, please estimate the area by pacing out the length and width in large steps and multiplying them.   

Please write ‘E’ with your answer if you use this estimation.              Example: 25 steps x 40 steps = ___100m2 E  
 
Q5.6  What percentage of your roof collects rainwater that flows to the raintank?  ________________________________ 
 
Q5.7  Do you have a lawn or garden?     No lawn/garden        A small lawn/garden        A medium to large lawn/garden 
 
Q5.8  Dwelling ownership:    The owner lives at the household            The owner does not live at the household   
  
Q5.9  What is the total estimated annual household income before tax.     
 

 < $30,000      $30,001 - $60,000     $60,001 - $90,000      $90,001 - $120,000      $120,000 - $150,000     $150,001 + 
 
Q5.10  What was household water consumption in Litres for the year ending 30 June 2006?    _____________________L.   
 
Q5.11   What was household water consumption in Litres for the year ending 30 June 2005?    _____________________L.   
 

This information is available from your Council rates notices.  A Litres/day figure is also acceptable.                
 
Q5.11  What is the main language spoken in the household? _______________________________________________________________ 
 
Q5.12  Is at least one HEAD of the household an Australian Citizen?           Yes      No 
 
Q5.13  What is the highest education qualification completed by a HEAD/s of this household? ___________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
Q5.14  What are the current or usual occupation/s of the HEAD/s of this household? ______________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
In the space below please write down any thoughts regarding the use of rainwater tanks.  You might, for example, like to 
include any feedback or suggestions you would like to give to households considering a rainwater tank, to policy makers    
or Council regulators, questions about installation, use and maintenance of rainwater tanks and so on.   
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 

  
__________________________________________________________________________________________________________________________________ 

If you need more space please feel free to ATTACH one or more pages to this survey.  
 



Appendix B2: Pilot RH Nonadopter Survey   

Form: 

  

                                                                                       

From the researcher … 
 
 
Thank you for agreeing to take part in this research. Your interest is valuable and appreciated.   
 
The household rainwater tank is an icon of our culture, yet fewer than one in ten homes in south east Queensland have one installed. 
What convinces households to install a tank?  What benefits do households get from their tanks?  What elements and technologies  
are used in household rainwater harvesting systems?  Is regulation a good idea? 
 
By understanding the views and experiences of households like yours, your response to this survey can help form part of the solution 
to problems of future water supply and demand in south-east Queensland.   
 
A random sample of households is quite important to this type of research.  Your privacy is respected and will be preserved by the 
researcher.  In fact, your confidentiality is assured because results from these surveys will only be considered in aggregate – that is, 
added together with all the other households that are surveyed.   
 
This research project is supervised by Dr Peter Daniels (tel: 3735 7189), at the Australian School of Environmental Science, Griffith 
University and is supported by the Cooperative Research Centre for Water Quality and Treatment.  The contents of this survey have 
been approved by the Griffith University Ethics Committee (tel: 3735 5473).  If you are interested, I am happy to provide you with a 
written summary report of results at the conclusion of the study. 
 
 
 
How to complete this survey 
 
This survey collects information about YOUR HOUSEHOLD and the RAINWATER HARVESTING SYSTEM you use.   
It is strongly preferred that the survey be completed by an adult (either female or male) who is a HEAD of the household.   
Instructions in the survey may show you do not need to complete every item. 
 
There are three basic types of questions: 
 
1.    Unless otherwise stated, most of the items on this survey require you to tick one or more boxes, like so.    
      Please tick all the boxes that apply to your household. 
 
2.    A question may ask you to circle one or more boxes, like so.    Please circle all the boxes that apply to your household. 
 
3.   _____A question may ask you to write a number, a few words or sentences. If you would like to write more, please feel free to 

attach one or more pages to this survey.  
 
When you finish, please read through again to check you have answered every relevant question. If you like, feel free to change or  
add to any responses.  
 
Incomplete surveys affect confidence in interpreting the results. Telephone and email support is available to assist you to complete  
this survey if you would like it.  A LARGE PRINT format is also available on request.   
 
For questions or comments regarding this survey, or if you would like a summary of the aggregated results, please contact the 
researcher, Ian White at s2191013@griffith.edu.au or mobile: 042 1166 287. 
 
When you are finished, please use the reply-paid envelope and pop it in the mail to: 
 
Ian White 
Household Rainwater Harvesting Project 
Australian School of Environmental Studies 
Griffith University 
NATHAN Q  4111 

Thank you again 
 
        Ian White (PhD Candidate, Griffith University) 



 
 
Q1.1  What is the main roofing material at your household? 
 

  Colourbond sheeting 

SECTION 1: Your Dwelling … what parts of a rainwater harvesting system are already present and what additions are likely 
 
 

  Zincalume sheeting 
  Asbestos sheeting 
  Cement tiles 
  Terracotta tiles 
  Other (please describe)   _________________________________________________________________________________________________ 
 
Q1.2  Lead based paint was used prior to 1970.  Is there any lead flashing or lead-based paint on the roof/collection area?   
 

  Yes          Probably        Probably not       No            Unsure 
 
Q1.3  Which of the following devices are used at your household for filtering leaves or debris. (Tick all that apply) 
 

   
 Screen or mesh cover over 
roof gutters 

 Bristle brush-guards that fit 
inside gutters 

  Leafless guttering 
 

  Gutter outlet strainers at   
downpipes 

  

 
  Other (please describe) 

  Downpipe leaf diverter/s   Filter screen at the tank   ‘First flush’ diverter  
 
Q1.4  Has your household ordered a rainwater tank that was not installed at the time of this survey? 
 

  Yes          No        
 
Q 1.5  Which of the figures below best shows how you would choose to set-up a rainwater tank at your household? 
 

                                  

  

 Single tank only 
      GO TO Q 1.6 

  Additional Base tanks 
      GO TO Q 1.6 

  Other (please draw it above) 
GO TO Q 1.6 

 No tank system wanted, ever) 
(GO STRAIGHT TO Q 1.13) 
 

Q1.6  What is the maximum tank volume you would choose if installing a rainwater tank?   __________________________ L 
 
Q1.7  Would you consider installing an additional top-up system to fill the tank from the mains water supply? 
 

  Yes, automatic         Yes, manual         No top-up system    Unsure 
 
Q1.8  Would you consider installing an additional switching device to alternate between the mains and tank water supply? 
 

  Yes, automatic         Yes, manual         No switching system    Unsure 
 
Q1.9 What filter (if any) would you consider using on rainwater at your household? (Tick all that apply) 
 

  Coarse particulate filter/s 
  Cellulose filter/s 
  Disk filter/s 
  Fine particulates filter/s 
  Ceramic filter/s 
  Polypropylene filter/s 

  Sand filter/s 
  Ion-exchange resin filter/s 
  Activated carbon filter/s 
  A filter would be used, but I don’t know what type/s 
  I don’t know if a filter would be used on rainwater  
  No filter would be used on rainwater 



Q1.10  Would you consider installing a pump to better access the rainwater? 
 

  Yes          No         Unsure 
 
Q1.11  Which of the following disinfection devices would your household use with the rainwater supply? (Tick all that apply) 
  

  Solar hot water service with booster usually ‘on’ 
  Solar hot water service 
  Gas hot water service 
  Electrical hot water service 
  Instantaneous hot water service 
  Distiller unit 

  Ultraviolet light treatment 
  Reverse osmosis membranes 
  Ozone gas treatment 

    A kettle, if making tea/coffee from rainwater  
    A kettle for pre-boiling drinking water 
    None of these disinfection devices are used 

 
Q1.12  Which devices would you choose to fit to the rainwater tank/s at your household.  (Tick all that apply) 
 

  
  Frog-flaps stop small 
animals getting into the tank    
but let water overflow out 

  Vent cowls allow air to 
circulate in the tank to help  
stop bad smells 

  Safety hatch fitted to 
access allowing internal 
cleaning and inspection 

 A ‘fines filter’ removes 
small particles before they 
reach the pump 

 

  

 
  Food-grade tank liner    Floating hose draw–off    Deep tank draw–off    Water depth gauge  
 
Q1.13  How much would your household be prepared to spend on the household RH system cost after installation            
costs and rebates are considered?   $_______________________________ 
 
 
SECTION 2: Decision Making  
 
Q2.1  Has your household considered installing a rainwater tank? 
 

  Yes, this household is extremely interested in installing a rainwater tank 
  Yes, this household is somewhat interested in installing a rainwater tank 
  No, this household has never been interested in installing a rainwater tank 
  No, this household has actively rejected installing a rainwater tank 
 
Q2.2  In your own words, what is the main reason that your household has not installed a rainwater tank at this stage?  
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
Q2.3  Are any of the following reasons that your household has not installed a rainwater tank? (Please tick all that apply) 
 

  I expect that the cost would be too much, but I haven’t really checked it out 
  I have checked it out, and the up-front cost would be too expensive 
  I expect that it would take too much time and trouble to organise, but I haven’t really checked it out 
  I have checked it out, and it would take too much time and trouble to organise 
  We’ve ordered a tank but it hasn’t been installed yet 
  A rainwater tank would take up too much space in our yard 
  We can’t install a tank because we don’t own the house we are living in right now. 
  We aren’t permitted by the Council to install a tank 
  This household will not install a rainwater tank because of health concerns 

  
  This household has never really thought about installing a tank 



 

  

 
 
 
 
 
 
 
 
 

 
 
 

Possible motivations            “Installing a rainwater tank would ….”       

… help the household save money on future water bills  1 2 3 4 5 6 
… help the household generally be more self-sufficient  1 2 3 4 5 6 
… be a good way for this household to help conserve water for the environment  1 2 3 4 5 6 
… be unnecessary and avoidable if it wasn’t for government interference and regulation  1 2 3 4 5 6 
… be part of a move toward a new ‘greener ’household lifestyle  1 2 3 4 5 6 
… provide the household with access to water during mains restrictions  1 2 3 4 5 6 
… capture rainwater that would otherwise be wasted down drains  1 2 3 4 5 6 
… allow us to relax about always watching our household water consumption 1 2 3 4 5 6 
… be integrated as a modern eco-design feature of our home 1 2 3 4 5 6 
… provides access to ‘natural’ unadulterated water/ free from government chemicals 1 2 3 4 5 6 
… mean the added drama, troubles and expense of finding a plumber to install it 1 2 3 4 5 6 
… help minimise household use of detergents, since rainwater is ‘soft’ water 1 2 3 4 5 6 
… only be the responsible thing to do, given the drought 1 2 3 4 5 6 
… be a sensible condition of all new buildings and alterations 1 2 3 4 5 6 
… show others that helping the environment is important to this household  1 2 3 4 5 6 
… be more affordable by taking advantage of the Council/Government rebates on offer 1 2 3 4 5 6 
… be compatible or agreeable with the existing household lifestyle 1 2 3 4 5 6 
… be preferable to an alternative water supply like a bore or a condenser 1 2 3 4 5 6 
… be a system that is easy to understand and operate 1 2 3 4 5 6 
… just become another chore to clean and maintain 1 2 3 4 5 6 
Other (please describe)  

____________________________________________________________
 1 2 3 4 5 6 
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Q2.4  If you take a moment to reflect on the possible installation of a rainwater tank at   
your household, please consider from the following list of possible motivations, 
any that you believe are important to your household.   
 
Which, if any, of the possible motivations listed would actually convince your 
household to get a rainwater tank?  Please CIRCLE your ranking from 1 – 5,     
to indicate the importance of each possible motivation in your decision. 

To be more self-sufficient (Ec,S) 1 2 3 4 5 

 
Q2.5  Does the south-east Queensland community have a social responsibility to do MORE to conserve water? Why?   
 
 _______________________________________________________________________________________________________________________________ 
 
Q2.6  Does your household have a social responsibility to do MORE to conserve water? Why?   
 
 _______________________________________________________________________________________________________________________________ 
 
Q2.7  What advice, if any, has your household given to others about using rainwater tanks in Queensland conditions?  
 
 _______________________________________________________________________________________________________________________________ 
 
Q2.8  In your view, what are the main health and maintenance implications of using raintanks in Queensland conditions? 
 
 _______________________________________________________________________________________________________________________________ 
 
Q2.9  What should councils and government do to support household provision and maintenance of rainwater tanks?  
 
 _______________________________________________________________________________________________________________________________ 
 
Q2.10  What other pro-environmental technologies does your home use (eg composting, solar hot water, architecture)?   
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 



Q2.11  For each information source below, use the rating scheme (also below) to rate the OVERALL QUALITY of information 
your household got about rainwater tanks.  Please write how you ‘accessed’ the sources used. 
 

Score Quality rating Description of quality rating 
1 Not applicable:      The household obtained no information from this source 
2 Very low quality:    The information we got was generally misleading or wrong 
3 Low quality:           The information we got was generally vague or too broad to have clear meaning 
4 Moderate quality:  The information we got was generally helpful, but left out important details 
5 High quality:          The information we got was generally good, reasonably complete, but difficult to understand at first 
6 Very high quality:  The information we got was generally excellent, complete and easy to understand 
 

Information source Your score How did you get this information?  
out of 6  (eg telephone, in person, internet etc.)  

 Local Council rebate information or advertisement  
 State Government rebate information or advertisement  
 Council/Government regulations and guidelines  
 Water Authorities (eg SEQ Water, Brisbane Water)  
 Environmental organisations  
 Rainwater tank suppliers or manufacturers  
 Media organisations (eg TV show, magazine, newspaper)  
 Friends or family members (outside the household)  
 Builder or tradespeople  
 Other (please describe)  ________________________________  
 
Q2.12  Have members of your household (a) EVER USED, (b) WOULD USE OR (c) WOULD NOT USE rainwater for the following 

uses.  Please write what treatment, if any, you would give the rainwater before use. 
 
HOUSEHOLD USE OF RAINWATER                 Was used  Would use  Would not use Treatment (filtration, disinfection etc) 
Drinking water           …………………………………………………… 
Preparing tea/coffee           …………………………………………………… 
Preparing food and cooking           …………………………………………………… 
Washing dishes            …………………………………………………… 
Laundry           …………………………………………………… 
Showering/bathing           …………………………………………………… 
Toilet flushing           …………………………………………………… 
Irrigating food plants (fruit, vegetables etc)           …………………………………………………… 
Irrigation of non-food plants (lawn etc)           …………………………………………………… 
Vehicle washing            …………………………………………………… 
Water feature, fishpond, fountain           …………………………………………………… 
Pool           …………………………………………………… 
Other (please describe)   _______________           …………………………………………………… 
 
Q2.13  Do you believe the ultimate responsibility for decision making about residential water reform lies with households 
themselves, the government or elsewhere?  Why? 
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 

  
 



  

SECTION 3: Household Behaviour 
 
Q3.1  In the past twelve months, please tick whether any of the following activities actually occurred at your household.  
If you have had more than one address, please consider what the members of the household have actually done in this time. 
 

 mulched the garden  washed the car on lawn  checked the household water meter 
 checked soil moisture before watering  washed the car with a bucket only  checked the raintank water level 
 grew more water hardy plants    tried to do only full loads of washing  recycled water to garden 
 either early or late garden watering  took shorter showers/shallow baths  recycled water to toilet 
 watered plants/lawn less or less often  used or installed low-flow shower   recycled water to laundry 
 turned off or fixed dripping taps  used or installed dual flush toilet/s  had a household water audit 
 
Q3.2  When is the last time the roof gutters were cleaned of leaves and other debris? 
 

  In the last 6 months 
  In the last 12 months 
  More than 12 months ago 
  As far as I know they have never been cleaned. 
 
Q3.3  How clean were the roof gutters the last time they were cleaned of leaves and other debris? 
 

  Little or no leaves or debris 
  A moderate amount of leaves or debris 
  Quite a lot of leaves and debris and some pooling of water 
  Blocked or overflowing 
  I don’t know. 
 
Q3.4  Who last cleaned the roof gutters?  (please describe: eg self, plumber, friend etc .. )   
 
 _______________________________________________________________________________________________________________________________ 
 
Q3.9    How many HOURS each YEAR do you estimate are spent maintaining the roof and gutters?   _____________________                      
 
Q3.10  On average, how much money is spent each YEAR maintaining the household rainwater system?   $______________ 
 
Q3.11  Please tick as many of the activities below that members of your household are likely to do in the next twelve months. 
 

 mulch the garden  wash the car on lawn  check the household water meter 
 check soil moisture before watering  wash the car with a bucket  check the tank water level 
 grow more water hardy plants    try to do full loads of washing  recycle water for the garden 
 restrict to early/late garden watering  take shorter showers/shallow baths  recycle water to the toilet 
 water plants/lawn less or less often  install or use a low-flow showerhead  recycle water to do the laundry 
 turn off or fix dripping taps  install or use dual flush toilet/s   have a household water audit 
 
Q3.12  How likely are you to install a rainwater tank in the next twelve months?  
 
  100%  Absolutely! 
   75%  Pretty likely 
   50%  Quite likely 
   25%  Perhaps 
    0%   Not likely! 
 
Q3.13  What do you think households miss out on by not having a rainwater tank installed? 
 
 _______________________________________________________________________________________________________________________________ 
 
Q3.14  What home improvements would you select in preference to a rainwater tank? 
 
 _______________________________________________________________________________________________________________________________ 
 
Q3.15  How important is minimising your environmental footprint, reducing household demands on the environment? 
 
 _______________________________________________________________________________________________________________________________ 
 
Q3.16  What are your main reasons for not installing a rainwater tank?  
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 



  

SECTION 4: Your views  
 
Q3.1  How much do you agree with each of the following statements?   
         (For each item, please circle your rating from strongly agree to strongly disagree) 
      

The local council rebate was an important part of the household decision to get a rainwater tank SA A N D SD 

The State Government rebate was an important part of the decision to get a rainwater tank SA A N D SD 

As a consumer, installing a rainwater system is a choice we made to conserve water SA A N D SD 

The market for rainwater tanks and products seems ethical SA A N D SD 

We are happy with the quantity of water obtained from the rainwater system SA A N D SD 

It was difficult to sacrifice the space required by the rainwater tank SA A N D SD 

It is important for household members to drink water free of government chemical additives SA A N D SD 

The quality of water from the raintank is appropriate for the uses of this household SA A N D SD 

Using a rainwater tank is a lifestyle choice SA A N D SD 

Using a rainwater tank gives this household a quality of lifestyle advantage SA A N D SD 

For our RH system, cost effectiveness is more important than technological innovation or flexibility SA A N D SD 

This household usually practices habits that conserve our own water use SA A N D SD 

As a household, having a rainwater tank means we can relax about our water consumption SA A N D SD 

Water is more a fundamental right than a privileged luxury SA A N D SD 

As a private home, we should be able to use all the mains water we want because we pay for it SA A N D SD 

Filtration and sterilisation of rainwater is important to this household SA A N D SD 

It’s hard to get reliable, good quality advice on rainwater tanks and products SA A N D SD 

It took little time and effort to satisfactorily research and arrange the RH system with Council, 
suppliers and others 

SA A N D SD 

Every single household can affect the quality of the environment by choosing products carefully SA A N D SD 

When this household buys products we try to consider how our use of them will affect the 
environment (and other consumers) 

SA A N D SD 

Rainwater collected by this household is safe to drink without further treatment SA A N D SD 

We need tougher government regulation to force people to use less water SA A N D SD 

Currently, the mains water pricing is too cheap to stop people wasting it SA A N D SD 

It is unfair and a bit pointless that some households pay for rainwater tanks, while others don’t SA A N D SD 

This household takes pride in using rainwater as a supplement to the mains water supply SA A N D SD 

Using a raintank is easily compatible with household lifestyles SA A N D SD 

Use of the household rainwater system has upset the lifestyle of household members SA A N D SD 

The upfront cost of a rainwater tank is outweighed by its overall benefit  SA A N D SD 

The concept of harvesting rain for use by my household is simple and appealing SA A N D SD 

Access to rainwater during mains water restrictions was an important part of the household 
decision to get a rainwater tank 

SA A N D SD 

Widespread community use of rainwater tanks is not an answer to the water problem – we really 
need more dams 

SA A N D SD 

Consumer support and demand for rainwater tanks and associated products is led more by the 
need for water conservation than financial incentives. 

SA A N D SD 

When we show the tank to guests, we often start talking about the water situation SA A N D SD 

I did not need to trial the RH system before purchase SA A N D SD
By drawing on mains water this household reduces water for other needs eg flow. ??? SA A N D SD

The Australian government should contribute to water conservation incentives with a household R
tax rebate 

SA A N D SD
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SECTION 5: Household Demographics 
 
Checking demographic information from the survey sample against Australian Bureau of Statistics information helps to 
ensure a good cross-section of our community has responded to this survey.   
 
Q5.1  How many people live at this household?  Age:____<18 years  ____18-35 years  ____36 – 55 years  ____56+               

                                                                                   (eg: _1_ <18            _0__18-35             2__36-55              _1__56+) 
 

Q5.2  How long have you lived at this address ?  _____________________________________________________________ 
 
Q5.3  Type of household dwelling: House  Townhouse   Unit     Other:  (please describe)____________________________ 
 
Q5.4  What size Lot is the dwelling on: _______________ m2     Q5.5  Estimated roof area of the dwelling: ________________ m2  
 

If you do not have this information, please estimate the area by pacing out the length and width in large steps and multiplying them.   

Please write ‘E’ with your answer if you use this estimation.              Example: 25 steps x 40 steps = ___100m2 E  
 
Q5.6  What percentage of your roof collects rainwater that could easily be diverted to a raintank?  ____________________ 
 
Q5.7  Do you have a lawn or garden?     No lawn/garden        A small lawn/garden        A medium to large lawn/garden 
 
Q5.8  Dwelling ownership:    The owner lives at the household            The owner does not live at the household   
  
Q5.9  What is the total estimated annual household income before tax.     
 

 < $30,000      $30,001 - $60,000     $60,001 - $90,000      $90,001 - $120,000      $120,000 - $150,000     $150,001 + 
 
Q5.10  What was household water consumption in Litres for the year ending 30 June 2006?    _____________________L.   
 
             What was household water consumption in Litres for the year ending 30 June 2005?    _____________________L.   
 

This information is available from your Council rates notices.  Please take the time to check the volume stated on this notice.               
If you do not own the dwelling and so don’t receive a water bill, please write ‘R’ in this space. 
 
Q5.11  What is the main language spoken in the household? _______________________________________________________________ 
 
Q5.12  Is at least one HEAD of the household an Australian Citizen?           Yes      No 
 
Q5.13  What is the highest education qualification completed by a HEAD/s of this household? ___________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
Q5.14  What are the current or usual occupation/s of the HEAD/s of this household? ______________________________________ 
 
__________________________________________________________________________________________________________________________________ 

 
In the space below please write down any thoughts regarding the use of rainwater tanks.  You might, for example, like to 
include any feedback or suggestions you would like to give to households considering a rainwater tank, to policy makers    
or Council regulators, questions about installation, use and maintenance of rainwater tanks and so on.   
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 

  If you need more space please feel free to ATTACH one or more pages to this survey.  
 



  

 
Appendix B3: Final RH Adopter Survey  Form: 

 
 
From the researcher … 
 
 
Thank you for agreeing to take part in this research. Your interest is valuable and appreciated.   
 
The household rainwater tank is an icon of our culture, yet fewer than one in ten homes in south east Queensland have one installed. 
What convinces households to install a tank?  What benefits do households get from their tanks?  What elements and technologies        
are used in household rainwater harvesting systems?  Is regulation a good idea? 
 
This survey collects information about YOUR HOUSEHOLD and the Rainwater Harvesting System (RHS) you use.  The rainwater 
harvesting system (RHS) includes your rainwater tank and any peripheral components like pumps, filters, disinfection devices and so on.   
By understanding the views and experiences of households like yours, your response to this survey can help form part of the solution       
to problems of future water supply and demand in south-east Queensland.   
 
A random sample of households is quite important to this type of research.  Your privacy is respected and will be preserved by the 
researcher.  In fact, your confidentiality is assured because results from these surveys will only be considered in aggregate – that is,  
added together with all the other households that are surveyed.   
 
This research project is supervised by Dr Peter Daniels (tel: 3735 7189), at the Australian School of Environmental Science, Griffith 
University and is supported by the Cooperative Research Centre for Water Quality and Treatment.  The contents of this survey were 
approved by the Griffith University Ethics Committee (tel: 3735 5473).  If you are interested, I am happy to provide you with a written 
summary report of results at the conclusion of the study. 
 
 
How to complete this survey 
 
It is strongly preferred that the survey be completed by an adult (either female or male) who is a HEAD of the household.   
 
There are three basic types of questions.  There are no ‘right’ or ‘wrong’ or ‘good’ or ‘bad’ answers to these questions –   
 it is what is true for YOUR HOUSEHOLD that is important: 
 
1.   Some questions on this survey ask you to tick one or more boxes,  like so:  or they may ask you to circle a box, like so:  
      Please tick or circle all the boxes that apply to your household. 
 
2.   Some questions on this survey ask you to circle a rating from ‘Strongly Agree’ (SA) to ‘Strongly Disagree’ (SD) to show how  
      much you agree with a statement.  Please circle the response that best suits your household.  For example, if you moderately  
      agree with the statement, like so: 
  

The prospect of a rise in mains water rates motivated us to get a tank SA   A   N   D SD 
 
3.   _____ Questions with this symbol may ask you to write a number, a few words or sentences. If you would like to write more, 
          please feel free to attach one or more pages to this survey.  
 
Instructions in the survey may show you do not need to complete every item. When you finish, please read through again to check you 
have answered every relevant question. If you like, feel free to change or add to any responses.  
 
Incomplete surveys affect confidence in interpreting the results. Telephone and email support is available to assist you with this survey      
if you would like it.  A LARGE PRINT format is also available on request.  For questions or comments regarding this survey, or if you 
would like a summary of the aggregated results, please contact the researcher, Ian White, by email: s2191013@student.griffith.edu.au 
or telephone: 07 3735 7186. 
 
When you are finished, please use the reply-paid envelope and pop it in the mail to: 
 
Ian White 
Household Rainwater Harvesting Project 
Australian School of Environmental Studies 
Griffith University 
NATHAN Q 4111      

 
Thank you again, Ian White (PhD Candidate, Griffith University) 



 
 
 

SECTION 1: Your Dwelling… what parts of a rainwater harvesting system are already present and what additions likely 
 

 (IN THIS SECTION … Please tick  all that currently apply and please circle    any additions you would like to make) 

Q1.1  What is the main roofing material used to collect rainwater at your household? 
 

  Colourbond sheeting 
  Zincalume sheeting 
  Asbestos sheeting 
  Cement tiles 
  Terracotta tiles 
  Other (please describe)   ____________________________________________________________________________________________ 

 
Q1.2  Lead based paint was used prior to 1970.  Is there any lead flashing or lead-based paint on the roof/collection area?   
 

  No            Probably not            Unsure             Probably           Yes         
 
Q1.3  Which of the following devices are used at your household for filtering leaves or debris? 
 

   
 Screen or mesh cover over 
roof gutters 

 Bristle brush-guards that fit 
inside gutters 

  Leafless guttering 
 

  Downpipe leaf diverter/s  

   
  Filter sock at tank inlet   Filter screen at the tank   ‘First flush’ diverter   A ‘fines filter’ removes small 

particles before the pump 
 
Q1.4  Which of the figures below best shows the set-up of rainwater tank/s at your household? 
 

                                  

  

  Base tank only   Separate base tanks   Additional Base tanks   Other (please draw it above) 

 
Q1.5  How old is the main (largest) household rainwater tank? 

If you have more than one tank, please write ‘2’ to the left of the appropriate box to indicate the age of the 2nd tank, 3 for a 3rd tank.  
 

  Less than 1 year 
  1 year to 2 years 
  3 years to 4 years 
  5 years to 6 years 
  7 years or more 

 
Q1.6  What is the maximum volume of your rainwater tank/s?   _______________________________ L 
 
Q1.7  Was the main (largest) household rainwater tank first installed for or by YOUR household? 
 

  No, installed before we moved here        Yes, installed for this household          Yes, installed by members of this household      
 
Q1.8  Is the raintank integrated with the mains water supply? 
 

  Yes, automatic or manual switching device to alternate between mains water and tank water supply  
  Yes, automatic or manual mains water top-up to the tank 
  No  
  Unsure  



Q1.9  Is a backflow prevention device (BPD) installed to stop rainwater entering the mains water supply? 
 

  Yes, one at the tank and one at the meter        Yes, one at the tank                No      Unsure     
            
Q1.10  Which of the following devices are fitted to the rainwater tank/s at your household?  
 

   
  Frog-flaps stop small 
animals getting into the tank 
but let water overflow out 

  Vent cowls allow air to 
circulate in the tank to help  
stop bad smells 

  Safety hatch fitted to 
access allowing internal 
cleaning and inspection 

 Rainwater in Use  
      Signage (ANYWHERE 
      on your property) 

 

  

 
  Food-grade tank liner    Floating hose draw–off    Deep tank draw–off    Water depth gauge  

 
Q1.11  Does your rainwater harvesting system (RHS) use a pump? 
 

  Yes          No         Unsure       
 
Q1.12  Which types of filters are used on rainwater at your household?  
 

  Coarse particulate filter/s 
  Fine particulates filter/s  
  Disk filter/s 
  Ceramic filter/s 
  Polypropylene filter/s  

  Ion-exchange resin filter/s 
  Activated carbon filter/s 
  A filter is used, but I don’t know what type/s 
  I don’t know if a filter is used on rainwater  
  No filter is used on rainwater  

 
Q1.13  Which of the following disinfection devices does your household use with the rainwater supply?  
  

  Solar hot water service with booster usually ‘on’ 
  Solar hot water service 
  Gas hot water service 
  Electrical hot water service 
  Instantaneous hot water service 
  Distiller unit 

  Ultraviolet light treatment 
  Reverse osmosis membranes 
  Ozone gas treatment 

    A kettle, if making tea/coffee from rainwater  
    A kettle for pre-boiling drinking water 
    None of these disinfection devices are used 

 
Q1.14  Which of the following are currently supplied by rainwater at this household? 
 

  Drinking water 
  Water for preparing food and cooking 
  Washing dishes  
  Showering/bathing  
  Laundry 
  Toilet flushing 
  Other internal use (describe)   ______________________ 

  Garden irrigation system 
  Garden hose  
  Water of food plants (fruit, vegetables etc) 
  Watering of non-food plants (lawn etc) 
  Vehicle washing  
  Pool, water feature, fishpond, fountain 
  Other external use (please describe)   ________________________ 

 
Q1.15  What was the total cost of the household rainwater harvesting system including installation?    __________________________ 
 
Q1.16  How much did (or will) this household receive in rebates for the rainwater system?        $_________________________________ 
 
Q1.17  If you could start over (but with the experience you now have), would you change anything about your rainwater system? 
 
             _______________________________________________________________________________________________________________________________ 
 
               __________________________________________________________________________________________________________________________________ 
 
  
               __________________________________________________________________________________________________________________________________ 



SECTION 2: Decision Making   
 
Q2.1  What is the MAIN reason your household got a rainwater tank?      _________________________________________________________ 
 
            __________________________________________________________________________________________________________________________________ 
 
Q2.2  What else influenced your household to get a rainwater tank?        _________________________________________________________ 
 
            __________________________________________________________________________________________________________________________________ 
 
Q2.3  Was this household REQUIRED to install a rainwater tank as a condition of building or renovations? 
 

            Yes     Unsure    No  (please go to Q 2.5)         
 
Q2.4  Would your household have voluntarily installed a rainwater tank anyway? 
 

            Yes     No     Unsure   
 
Q2.5   How much do you agree with each of the following statements?   
            

           For each item, please circle your rating from ‘Strongly Agree’ (SA) to ‘Strongly Disagree’ (SD). There  
           are no ‘right’ or ‘wrong’ answers to these questions. Circle the response that best suits your household.   
 

Because of the extra costs involved, we decided not to plumb the tank water for inside use SA   A   N   D SD 
Money spent on a rainwater tank would be better spent elsewhere SA   A   N   D SD 
On balance, the cost of a rainwater tank is worth the investment SA   A   N   D SD 
Saving money on future water bills motivated us to get a tank SA   A   N   D SD 
The overall cost did not affect our preference for tank size or shape SA   A   N   D SD 
The overall cost did not affect the peripheral components (eg pump, filters, first flush) we wanted SA   A   N   D SD 
The prospect of a rise in mains water rates motivated us to get a tank SA   A   N   D SD 
We used a predetermined budget to help make decisions about what system components to install SA   A   N   D SD 

 
Q2.6  How did upfront and ongoing Cost and economy specifically affect your decision to install a RHS or how it was set up? 
          (A rainwater harvesting system – RHS –  just means the tank and peripheral components you considered)    
 
           ________________________________________________________________________________________________________________________________ 
 
            ___________________________________________________________________________________________________________________________________ 
 
Q2.7  Considering all elements in the cost to this household, the Cost and economy was a strong positive 
          influence on our household decision to install a rainwater harvesting system. (please circle) SA   A   N   D SD 

 
Q2.8  How much do you agree with each of the following statements?   
 

For our household, it takes no more effort to use rainwater than mains water from the tap SA   A   N   D SD 
Having a tank means water from our rain tank can be easily used when it is wanted SA   A   N   D SD 
It is inconvenient or time consuming to actually use the water we’ve collected in our tank SA   A   N   D SD 
Peripheral components like gutter guards or leaf eaters minimise maintenance SA   A   N   D SD 
Peripheral components like pumps or switching devices make rainwater more convenient for our household use SA   A   N   D SD 
The complexity of the whole tank purchase and installation process delayed our household getting a tank SA   A   N   D SD 
The rainwater harvesting system we installed is easy to operate and maintain SA   A   N   D SD 
Use and maintenance of the RHS has upset the day-to-day lifestyle of household members SA   A   N   D SD 
Water from our tank can easily be used where it is needed around the yard or home SA   A   N   D SD 
We installed a tank because the concept of harvesting rain for household use is simple and appealing SA   A   N   D SD 

 
Q2.9  How did Ease of Use specifically affect your decision to install a rainwater harvesting system or how it was set up?  
          (A rainwater harvesting system – RHS –  just means the tank and peripheral components you considered)    
 
            ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 

  

Q2.10  Overall, Ease of Use was a strong positive influence on our household decision to install a rainwater 
harvesting system. SA   A   N   D SD 
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Q2.11   How much do you agree with each of the following statements?   
 

             For each item, please circle your rating from ‘Strongly Agree’ (SA) to ‘Strongly Disagree’ (SD). There 
             are no ‘right’ or ‘wrong’ answers to these questions. Circle the response that best suits your household.   
 
 

A rainwater tank is a good way for this household to help conserve water for environmental needs  SA   A   N   D SD 
Climate change means we will have less water in public dams to meet our needs SA   A   N   D SD 
Current environmental conditions (eg drought) motivated us to install a rainwater tank SA   A   N   D SD 
Individual households should try to adopt all the pro-environmental technologies that they can afford SA   A   N   D SD 
It is important to this household to minimise its overall impact on the environment  SA   A   N   D SD 
Preserving and conserving the environment should take absolute priority over human ‘needs’ SA   A   N   D SD 
The amount of water used by our society damages the future quality of the environment  SA   A   N   D SD 
There is not enough rain to make installing a tank worthwhile SA   A   N   D SD 
We installed a tank to help minimise household use of detergents, since rainwater is ‘soft’ water SA   A   N   D SD 
We installed the tank to assure we have water for household needs without further drawing on the dams SA   A   N   D SD 
When this household buys products we try to consider how our use of them affects the environment SA   A   N   D SD 

 
Q2.12  How did your thoughts or beliefs on the Environment specifically affect your decision to install a RHS or how it was set  
            up?      (A rainwater harvesting system – RHS –  just means the tank and peripheral components you considered)    
 
           ________________________________________________________________________________________________________________________________ 
 
            ___________________________________________________________________________________________________________________________________ 
 
Q2.13  Overall, the current and future state of the Environment was a strong positive influence on our  
            household decision to install a rainwater harvesting system.  (please circle) SA   A   N   D SD 
 
Q2.14  How much do you agree with each of the following statements?   
 

Filters and sterilisation are essential to ensure rainwater is safe to drink  SA   A   N   D SD 
Once you get a tank, it requires little extra effort to integrate the rainwater tank with plumbing inside the home SA   A   N   D SD 
Our rainwater system includes a pump to ensure wider possible use be made of the harvested rainwater SA   A   N   D SD 
Our rainwater system includes filtration to ensure wider possible use be made of the harvested rainwater SA   A   N   D SD 
Our rainwater system includes sterilisation to ensure wider possible use be made of the harvested rainwater SA   A   N   D SD 
So-called ‘lower order’ uses of rainwater (eg garden watering) are quite sufficient for our household’s needs SA   A   N   D SD 
Technologies like filtration and sterilisation are not necessary for our household’s use of rainwater SA   A   N   D SD 
We selected appropriate technologies to overcome any potential health issues with rain tanks SA   A   N   D SD 

 
Q2.15   What level of Sophistication in the performance did you want from the RHS and how did it specifically affect your 

decision to install a RHS or how it was set up? 
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.16  Overall, getting the right level of Sophistication of the RHS was a strong positive influence on our 

household decision to install a rainwater harvesting system SA   A   N   D SD 
 
Q2.17   How much do you agree with each of the following statements?   
 

Members of this household drank rainwater elsewhere before the tank was installed here SA   A   N   D SD 
Members of this household have used rainwater from a tank elsewhere before the tank was installed here SA   A   N   D SD 
Seeing a rainwater harvesting system in action (eg homeshow) helped us make the decision to install one SA   A   N   D SD 
We wouldn’t have installed a tank here without more personal experience of how well they work SA   A   N   D SD 

 
Q2.18  How did the opportunity to Experience rainwater harvesting before getting your own tank specifically affect your decision 

to install a RHS or how it was set up?   
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.19  Overall, previous Experience using water from raintanks was a strong positive influence on our 

household decision to install a rainwater harvesting system SA   A   N   D SD 



  

Q2.20   How much do you agree with each of the following statements?   
 

Ensuring our access to water during mains restrictions was an important part of the decision to get a tank SA   A   N   D SD 
Government plans to recycle water were a motivating factor in this household's decision to install a tank SA   A   N   D SD 
It is important for members of this household to drink water free of chemical additives like chlorine SA   A   N   D SD 
Our household feels no need to take steps to have access to a separate supply of water during mains restrictions SA   A   N   D SD 
Our household should be able to use all the mains water we want SA   A   N   D SD 
Residents of modern cities should be able to use all the mains water we want SA   A   N   D SD 
The extra water supplied by the tank allow us to relax about always watching household water consumption SA   A   N   D SD 
We can no longer rely solely on the mains supply to use when and where we want it SA   A   N   D SD 
We have, on occasion, ignored water restrictions for our household or garden needs SA   A   N   D SD 
We use a filter on mains water to remove chlorine before drinking SA   A   N   D SD 
We wanted to install a tank to have more control over the water we need SA   A   N   D SD 

 
Q2.21   How did your preferences for greater Independence in your lifestyle and consumption choices specifically affect your 

decision to install a RHS or how it was set up? 
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.22  Overall, our preference for maintaining control over an Independent water supply was a strong 

positive influence on our household decision to install a rainwater harvesting system SA   A   N   D SD 
 
Q2.23  How much do you agree with each of the following statements?   
 

Even if it is not ‘technically compulsory’, this household still felt pressured to get a rainwater tank (eg socially) SA   A   N   D SD 
Individual households, not government, should have the final say about whether they install a tank or not SA   A   N   D SD 
Only households that have voluntarily installed a RHS can be trusted to use and maintain them properly SA   A   N   D SD 

 
Q2.24  How did a sense of Voluntariness about your own household’s RHS installation specifically affect your decision to install 

a RHS or how it was set up?  
 
            ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.25  A sense of Voluntariness was a strong positive influence on our household decision to install      a 

rainwater harvesting system. SA   A   N   D SD 
 
Q2.26   How much do you agree with each of the following statements?   
 

Considering the hassle and expense involved, most households are better off without a rainwater tank SA   A   N   D SD 
Even if it takes a little extra effort, our household prefers rainwater to mains water SA   A   N   D SD 
Household rainwater tanks are not an answer to the water crisis – we need more dams SA   A   N   D SD 
It was difficult to sacrifice the space required by the rainwater tank SA   A   N   D SD 
Overall, installing a rainwater tank gives households worthwhile advantages over homes that don’t have one SA   A   N   D SD 
Rainwater harvesting is better than an alternative community water supply like desalination SA   A   N   D SD 
Rainwater harvesting is better than an alternative community water supply like recycled water SA   A   N   D SD 
Rainwater harvesting is better than an alternative household water supply like a bore SA   A   N   D SD 
Rainwater harvesting is better than an alternative household water supply like a condenser SA   A   N   D SD 
Rainwater harvesting is better than an alternative household water supply like a greywater recycling system SA   A   N   D SD 

 
Q2.27   What were the main Advantages your household expected to get from rainwater harvesting versus other water sources 

and how did they specifically affect your decision to install a RHS or how it was set up? 
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.28  Overall, the Relative Advantages of using rain water from a tank were a strong positive influence on our 

household decision to install a rainwater harvesting system SA   A   N   D SD 
 



  

Q2.29   How much do you agree with each of the following statements?  
 

It’s hard to get reliable, good quality advice necessary to understand new rainwater tanks and products SA   A   N   D SD 
New tank designs (eg slimline, underfloor bags) were particularly influential in our decision to get a RHS SA   A   N   D SD 
New technologies like switching devices or top up systems are important for our household’s use of rainwater SA   A   N   D SD 
RHS technologies aren't that much different now to when Councils wanted all tanks removed SA   A   N   D SD 
Technological advances in household treatment and filtration systems make rainwater safer to use SA   A   N   D SD 

 
Q2.30  How did recent Innovations in RHS technologies specifically affect your decision to install a RHS or how it was set up?  
 
             _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.31  Overall, the recent Innovations in RHS technologies were a strong positive influence on our 

household decision to install a rainwater harvesting system. (please circle) SA   A   N   D SD 
 
Q2.32  How much do you agree with each of the following statements?   
 

Because of all the extra hassles with Council regulations, we decided not to plumb the tank water for inside use SA   A   N   D SD 
Councils and State Government over-regulate the conditions for rainwater tank installation SA   A   N   D SD 
Current levels of regulation of household rainwater harvesting are acceptable and necessary SA   A   N   D SD 
Installing a RHS is a sensible condition of all new buildings and alterations SA   A   N   D SD 
Overall, the incentive of tank rebates outweighs any issues of compliance with Council inspection or regulation SA   A   N   D SD 
Rainwater tanks should be made compulsory on all existing homes in South East Queensland SA   A   N   D SD 
The Council rebate was an important part of our household decision to get a rainwater tank SA   A   N   D SD 
The hassle of complying with Council regulations discouraged us from installing a tank SA   A   N   D SD 
The State Government rebate was an important part of our household decision to get a rainwater tank SA   A   N   D SD 
We need rules to make households that install tanks minimise risks to community health (eg breeding mosquitoes) SA   A   N   D SD 
We would only consider using pro-environmental technologies when they are subsidised by Government SA   A   N   D SD 
Without the Council/Government rebates we would not have installed a tank SA   A   N   D SD 

 
Q2.33  How did Council or State Government incentives and regulations specifically affect your decision to install a RHS or how 

it was set up?)    
 
            ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.34  Considering all elements in their overall impact, Council or State Government policies were a strong 

positive influence on our household decision to install a rainwater harvesting system. SA   A   N   D SD 
 
Q2.35   How much do you agree with each of the following statements?   
 

It is important that this household be seen to install a tank to set an example to others SA   A   N   D SD 
Our household feels a sense of accomplishment or pride from our decision to install a tank  SA   A   N   D SD 
Our rainwater system is integrated with household plumbing as a modern eco-design feature of our home SA   A   N   D SD 
The rainwater tank is an icon of Australian culture SA   A   N   D SD 
These days, a rainwater tank is something of a status symbol SA   A   N   D SD 
When we have guests we often 'show off' the tank SA   A   N   D SD 

 
Q2.36  How did the Image surrounding ownership of a rainwater tank specifically affect your decision to install a RHS or how it 

was set up?  (Your honesty is particularly appreciated with this question.  Thank you) 
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.37  Overall, the Image surrounding ownership of a rainwater tank was a strong positive influence on our 
            household decision to install a RHS SA   A   N   D SD 

 
 



  

Q2.38   How much do you agree with each of the following statements?   
 

I wish everyone would just shut up about using rainwater tanks – I’m sick of it SA   A   N   D SD 
It is unfair and a bit pointless that some households pay for rainwater tanks, while others don’t SA   A   N   D SD 
Members of our household have encouraged others in our community to install a rainwater tank SA   A   N   D SD 
Our household installed a tank before anyone else we know SA   A   N   D SD 
Our household installed a tank before most people we know SA   A   N   D SD 
Rainwater tanks are an eyesore to the amenity of our suburb SA   A   N   D SD 
Rainwater tanks have become an item of popular discussion in our social circles SA   A   N   D SD 
The elderly should be exempt from water restrictions imposed on others SA   A   N   D SD 
The needs of future generations are just as important as our own needs SA   A   N   D SD 
The water crisis can be solved if every household does its share SA   A   N   D SD 
We installed a rainwater tank out of a sense of community responsibility SA   A   N   D SD 

 
Q2.39  How did Community norms and the Community values of your household specifically affect your decision to install a  
            RHS or how it was set up?   
 
             _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.40  Overall, membership of the Community in which we live was a strong positive influence on our 
            household decision to install a rainwater harvesting system. (please circle) SA   A   N   D SD 

 
Q2.41   How much do you agree with each of the following statements? 
 

It is difficult to integrate rainwater with the plumbing at this household for inside use (eg laundry) SA   A   N   D SD 
Members of this household feel comfortable about using rainwater instead of mains water SA   A   N   D SD 
The tank is just one part of this household's ongoing commitment to live a ‘greener’ lifestyle  SA   A   N   D SD 
There is no space at our household to fit a rainwater tank SA   A   N   D SD 
Using tank water is not part of the lifestyle we would prefer SA   A   N   D SD 

 
Q2.42  How compatible is a RHS with the physical constraints and lifestyle preferences of your household?  How did this 

Compatibility specifically affect your decision to install a RHS or how it was set up?  
 
            ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.43  The overall Compatibility of a RHS with our household preferences and physical constraints was        

a strong positive influence on our household decision to install a rainwater harvesting system. SA   A   N   D SD 

 
Q2.44   How much do you agree with each of the following statements?   
 

If people see more households with rainwater tanks they will be more likely to get one too  SA   A   N   D SD 
We noticed 'Rainwater-in-use' signs appearing before we installed our own tank SA   A   N   D SD 
We were motivated to get a tank because it seems everyone is getting them now SA   A   N   D SD 
We were motivated to get a tank because of all the others in our local area SA   A   N   D SD 
When we visit other households that use rainwater, they usually show us their tank or talk about their tank SA   A   N   D SD 

 
Q2.45  How did the Visibility of rainwater harvesting around you specifically affect your decision to install a RHS or how it was 

set up?    
 
             _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.46  Overall, the Visibility of rainwater tank installations was a strong positive influence on our  
            household decision to install a rainwater harvesting system. (please circle) SA   A   N   D SD 
 
 
 



Q2.47  Of the potential influences on your household decision please indicate which were the top four factors by writing ‘1’ to  
            the left of the most important factor, ‘2’ for the second, ‘3’ for the third and ‘4’ for the fourth most important factor.  
 

 _____  Costs and economy  _____  Public policy and regulations   _____  Community sense 
 _____  Appropriate RHS sophistication  _____  Environmental influences  _____  Greater independence 
 _____  Advantages obtained from RHS  _____  Voluntariness of installation  _____  Image or status of RHS 
 _____  Innovative RHS technologies  _____  Past experience with RHS  _____  Ease of use 
 _____  RHS compatibility with household  _____  Visibility of other installations  

 
Q2.48  For each information source below, use the rating scheme below to rate the OVERALL QUALITY of information  
            your household got about rainwater tanks.  Please write how you ‘accessed’ the sources used. 
 

Score Quality rating Description of quality rating 
1 Not applicable:      The household obtained no information from this source 
2 Very low quality:    The information we got was generally misleading, or contradictory or wrong 
3 Low quality:           The information we got was generally too broad to really help with our specific need 
4 Moderate quality:  The information we got was generally helpful, but left out important details 
5 High quality:          The information we got was generally good and reasonably complete 
6 Very high quality:  The information we got was generally excellent, complete and easy to understand 

  

 

     Source of Information Used   How did you get this information? Your score  
out of 6  (eg telephone, in person, internet etc.)  

 Local Council rebate information or advertisement  
 State Government rebate information or advertisement  
 Council/Government regulations and guidelines  
 Rainwater tank suppliers or manufacturers  
 Media organisations (eg TV show, magazine, newspaper)  
 Friends, work colleagues or family (outside the household)  
 Builder or tradespeople  
 Other (please describe)  ________________________________  

 
Q2.49  What was the biggest problem you encountered during the household decision making process and how did it  

specifically affect your decision to install a RHS or how it was set up?   
 
            _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.50  What source/s of information were most helpful and how did you resolve the problem? 
 
            _______________________________________________________________________________________________________________________________ 
 
Q2.51  What was the most positive incident that stands out during the household decision making process and how did it  

specifically affect your decision to install a RHS or how it was set up?   
 
            _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.52  What source/s of information were most helpful and how did they help your household to resolve or improve your decision? 
 
             _______________________________________________________________________________________________________________________________ 
 
Q2.53   What was the biggest problem you encountered since making the decision to install the rainwater harvesting system?   
 
             _______________________________________________________________________________________________________________________________ 
 
Q2.54  Have you resolved the problem?  If so, please explain how. 
 
            _______________________________________________________________________________________________________________________________ 



  

SECTION 3: Your views 
 
Q3.1    How much do you agree with each of the following statements?   
 

Based on our own household RH experience, we can’t seriously recommend that other households get a tank SA   A   N   D SD 
Households won't really understand the benefits of a tank until they have one themselves SA   A   N   D SD 
Since installing a tank, our water bill shows we have used less mains water than we normally would SA   A   N   D SD 
Unfortunately, the tank capacity is too small to really be useful for our needs SA   A   N   D SD 
We are happy with the balance of tank size and the quantity of water we get from the tank SA   A   N   D SD 
We are happy with the quality of water we get from the rainwater tank SA   A   N   D SD 
We can actually see the benefit we get from the tank SA   A   N   D SD 

 
Q3.2    Has there been enough Clear Benefit from the tank to reward your decision to install a RHS or how it was set up?  How? 
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q3.3    Overall, Seeing the benefit we obtain from the tank has been a strong positive confirmation that  
            our household decision to install a RHS was the right one SA   A   N   D SD 

 
Q3.4   What in particular happened that helped you first notice it was important to your household to conserve water?  
 
           _______________________________________________________________________________________________________________________________ 
 
Q3.5   Does your household have a responsibility to do MORE to conserve water? Why?   
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.6  What in particular happened for you to first notice a need for greater independence over your household water supply? 
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.7  Do other households in the south-east Queensland community have a responsibility to do MORE to conserve water? Why?   
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.8  How has use and maintenance of the rainwater harvesting system affected the day to day routine of your household? 
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.9  In your view, what are the main health and maintenance implications of using raintanks in Queensland conditions? 
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.10  What advice, if any, has your household given to others about using rainwater tanks in Queensland conditions?  
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.11  Former Senator John Black argued that the money used to build new dams would be better spent installing a rainwater  
            tank in every south east Queensland home (Financial Review, 5 August 2006).  What do you think about this idea? 
 
             _______________________________________________________________________________________________________________________________ 
 
              __________________________________________________________________________________________________________________________________ 
 
Q3.12  What other pro-environmental technologies does your home use? (eg insulation, solar hot water, grey water, architecture)   
 
           _______________________________________________________________________________________________________________________________ 
 
              __________________________________________________________________________________________________________________________________ 
 
 
 



            _______________________________________________________________________________________________________________________________ 
 

SECTION 4: Household Behaviour 
 
Q4.1  In the past twelve months, please tick whether any of the following activities actually occurred at your household. 
 

 mulched the garden  stopped washing the car altogether  checked the household water meter 
 checked soil moisture before watering  washed the car on lawn/with a bucket  checked the raintank water level 
 grew more water hardy plants    tried to do only full loads of washing  recycled water to garden 
 either early or late garden watering  took shorter showers/shallow baths  recycled water to toilet 
 watered plants/lawn less or less often  used or installed low-flow shower   recycled water to laundry 
 turned off or fixed dripping taps  used or installed dual flush toilet/s  had a household water audit 

 
Q4.2  Who last cleaned the roof gutters?  (please describe: eg self, plumber, friend etc .. )   
 
           _______________________________________________________________________________________________________________________________ 
 
Q4.3  When is the last time the roof gutters were cleaned of leaves and other debris? 
 

  In the last 6 months 
  In the last 12 months 
  More than 12 months ago 
  As far as I know they have never been cleaned. 

 
Q4.4  How clean were the roof gutters the last time they were cleaned of leaves and other debris? 
 

  Little or no leaves or debris 
  A moderate amount of leaves or debris 
  Quite a lot of leaves and debris and some pooling of water 
  Blocked or overflowing 
  I don’t know. 

 
Q4.5  De-sludging is the removal of any accumulated debris in the tank.  When was the rainwater tank last de-sludged? 
 

  The tank has not been de-sludged yet  (Please go to Q4.8) 
  In the last year 
  In the last 2 years 
  More than 2 years ago 

 
Q4.6  Who last de-sludged the rainwater tank?  (please describe: eg self, plumber, friend etc .. )   

 
 _______________________________________________________________________________________________________________________________ 

 
Q4.7  If you have a water filter, when is the last time the filter was cleaned or replaced? 
 

  In the last year 
  In the last 2 years 
  More than 2 years ago 
  As far as I know it has never been cleaned 
 

Q4.8  What chemicals or other products does your household add to the rainwater in your tank? 
 
            _______________________________________________________________________________________________________________________________ 
 
Q4.9  On average, how many HOURS each YEAR do you estimate are spent maintaining the 
          rainwater system (including roof, gutters, tank, and all associated equipment)?                         ___________________________   
 
Q4.10  On average, how much money is spent each YEAR maintaining the household rainwater system?   $___________________ 
 
Q4.11  Please tick as many of the activities below that your household is likely to do in the next twelve months. 
 

 mulch the garden  stop washing the car altogether  check the household water meter 
 check soil moisture before watering  wash the car on lawn/with a bucket  check the tank water level 
 grow more water hardy plants    try to do full loads of washing  recycle water for the garden 
 restrict to early/late garden watering  take shorter showers/shallow baths  recycle water to the toilet 
 water plants/lawn less or less often  install or use a low-flow showerhead  recycle water to do the laundry 
 turn off or fix dripping taps  install or use dual flush toilet/s   have a household water audit 

 
Q4.12  What other pro-environmental behaviours occur at your household? (composting, turn off lights, not use appliance stand-by)   
 



SECTION 5: Household Demographics 
 
Checking demographic information from the survey sample against Australian Bureau of Statistics information helps to ensure  
a good cross-section of our community has responded to this survey.   
 
Q5.1  How many people live at this household?  Age:____<18 years  ____18-35 years  ____36 – 55 years  ____56+               
                                                                                   (eg: _1_ <18            _0__18-35             2__36-55              _1__56+) 
 

Q5.2  How long have you lived at this address ?  _____________________________________________________________ 
 
Q5.3  Type of household dwelling: House  Townhouse   Unit     Other:  (please describe)____________________________ 
 
Q5.4  What size Lot is the dwelling on:   _____________________ m2      

  

 
Q5.5  What is the roof area of the dwelling:  _________________ m2  

You can estimate the area by pacing out the length and width in 
large steps and multiplying them. If you estimate, please write ‘E’ 
Example: 25 steps x 10 steps =  250 E  

 
Q5.6  What percentage of your roof collects rainwater that flows to the raintank?  ________________________________ 
 
Q5.7  Do you have a lawn or garden?     No lawn/garden        A small lawn/garden        A medium to large lawn/garden 
 
Q5.8  Dwelling ownership:    The owner lives at the household            The owner does not live at the household   
  
Q5.9  What is the total estimated annual household income before tax.     
 

 < $30,000      $30,001 - $60,000     $60,001 - $90,000      $90,001 - $120,000      $120,000 - $150,000     $150,001 + 
 
The information you need for Q5.10 and Q5.11 is available from your Council rates notices.  A Litres/day figure is also acceptable.                
 

Q5.10  What was household water consumption in Litres for the year ending 30 June 2007?    _____________________L.   
 
Q5.11   What was household water consumption in Litres for the year ending 30 June 2006?    _____________________L.   
 
Q5.12  What is the main language spoken in the household? _______________________________________________________________ 
 
Q5.13  Is at least one HEAD of the household an Australian Citizen?           Yes      No 
 
Q5.14  What is the highest education qualification completed by a HEAD/s of this household? ___________________________ 
 
              ___________________________________________________________________________________________________________________________ 
 
Q5.15  What are the current or usual occupation/s of the HEAD/s of this household? ______________________________________ 
 
              ___________________________________________________________________________________________________________________________ 
 
In the space below please write down any final thoughts you have regarding the use of rainwater tanks. You might like to  
include any feedback or suggestions you would like to give to households considering a rainwater tank, to policy makers          
or regulators, questions about installation, use and maintenance of rainwater tanks, or your comments on this survey.   
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 

If you need more space please feel free to use the back of the survey or ATTACH one or more pages to the survey.  
 



  

 
Appendix B4: Final RH Nonadopter Survey  Form: 

 
 
From the researcher … 
 
 
Thank you for agreeing to take part in this research. Your interest is valuable and appreciated.   
 
The household rainwater tank is an icon of our culture, yet fewer than one in ten homes in south east Queensland have one installed. 
What convinces households to install a tank?  What benefits do households get from their tanks?  What elements and technologies        
are used in household rainwater harvesting systems?  Is regulation a good idea? 
 
This survey collects information about YOUR HOUSEHOLD and the Rainwater Harvesting System (RHS) you use.  The rainwater 
harvesting system (RHS) includes your rainwater tank and any peripheral components like pumps, filters, disinfection devices and so on.   
By understanding the views and experiences of households like yours, your response to this survey can help form part of the solution       
to problems of future water supply and demand in south-east Queensland.   
 
A random sample of households is quite important to this type of research.  Your privacy is respected and will be preserved by the 
researcher.  In fact, your confidentiality is assured because results from these surveys will only be considered in aggregate – that is,  
added together with all the other households that are surveyed.   
 
This research project is supervised by Dr Peter Daniels (tel: 3735 7189), at the Australian School of Environmental Science, Griffith 
University and is supported by the Cooperative Research Centre for Water Quality and Treatment.  The contents of this survey were 
approved by the Griffith University Ethics Committee (tel: 3735 5473).  If you are interested, I am happy to provide you with a written 
summary report of results at the conclusion of the study. 
 
 
How to complete this survey 
 
It is strongly preferred that the survey be completed by an adult (either female or male) who is a HEAD of the household.   
 
There are three basic types of questions.  There are no ‘right’ or ‘wrong’ or ‘good’ or ‘bad’ answers to these questions –   
 it is what is true for YOUR HOUSEHOLD that is important: 
 
1.   Some questions on this survey ask you to tick one or more boxes,  like so:  or they may ask you to circle a box, like so:  
      Please tick or circle all the boxes that apply to your household. 
 
2.   Some questions on this survey ask you to circle a rating from ‘Strongly Agree’ (SA) to ‘Strongly Disagree’ (SD) to show how  
      much you agree with a statement.  Please circle the response that best suits your household.  For example, if you moderately  
      agree with the statement, like so: 
  

The prospect of a rise in mains water rates motivates us to get a tank SA   A   N   D SD 
 
3.   _____ Questions with this symbol may ask you to write a number, a few words or sentences. If you would like to write more, 
          please feel free to attach one or more pages to this survey.  
 
Instructions in the survey may show you do not need to complete every item. When you finish, please read through again to check you 
have answered every relevant question. If you like, feel free to change or add to any responses.  
 
Incomplete surveys affect confidence in interpreting the results. Telephone and email support is available to assist you with this survey      
if you would like it.  A LARGE PRINT format is also available on request.  For questions or comments regarding this survey, or if you 
would like a summary of the aggregated results, please contact the researcher, Ian White, by email: s2191013@student.griffith.edu.au 
or telephone: 07 3735 7186. 
 
When you are finished, please use the reply-paid envelope and pop it in the mail to: 
 
Ian White 
Household Rainwater Harvesting Project 
Australian School of Environmental Studies 
Griffith University 
NATHAN Q 4111      

 
Thank you again, Ian White (PhD Candidate, Griffith University) 



 
 
 

SECTION 1: Your Dwelling… what parts of a rainwater harvesting system have you considered as possible additions 
 

 (IN THIS SECTION … Please tick  all that currently apply and please circle    any additions you would like to make) 

Q1.1  What is the main roofing material used to collect rainwater at your household? 
  Colourbond sheeting 

 

  Zincalume sheeting 
  Asbestos sheeting 
  Cement tiles 
  Terracotta tiles 
  Other (please describe)   ____________________________________________________________________________________________ 

 
Q1.2  Lead based paint was used prior to 1970.  Is there any lead flashing or lead-based paint on the roof/collection area?   

  No            Probably not            Unsure             Probably           Yes         
 

 
Q1.3  Which of the following devices are currently used  and which would you add    for filtering leaves or debris? 
 

   
 Screen or mesh cover over 
roof gutters 

 Bristle brush-guards that fit 
inside gutters 

  Leafless guttering 
 

  Downpipe leaf diverter/s  

   
  Filter sock at tank inlet   Filter screen at the tank   ‘First flush’ diverter   A ‘fines filter’ removes small 

particles before the pump 
 
Q1.4  Which of the figures below best shows how you would choose to set-up of rainwater tank/s at your household? 
 

                                  

  

  Base tank only   Separate base tanks   Additional Base tanks   Other (please draw it above) 
 
Q1.6  What is the maximum volume of rainwater tank/s you would consider installing?   __________________________ L 
 
Q1.8  Would you integrate the raintank with the mains water supply? 

  Yes, automatic or manual switching device to alternate between mains water and tank water supply  
 

  Yes, automatic or manual mains water top-up to the tank 
  No  
  Unsure  

 
Q1.9  Would a backflow prevention device (BPD) be installed to stop rainwater entering the mains water supply? 

  Yes, one at the tank and one at the meter        Yes, one at the tank                No      Unsure     
 

            
Q1.10  Would your rainwater system use a pump? 

  Yes          No         Unsure       
 

 
Q1.11  Which types of filters would you use on rainwater at your household?  
 

  Coarse particulate filter/s 
  Fine particulates filter/s  
  Disk filter/s 
  Ceramic filter/s 
  Polypropylene filter/s  

  Ion-exchange resin filter/s 
  Activated carbon filter/s 
  A filter would be used, but I don’t know what type/s 
  I don’t know if a filter would be used on rainwater  
  No filter would be used on rainwater  



Q1.12  Which of the following devices would you choose to fit to the rainwater tank/s at your household?  
 

   
  Frog-flaps stop small 
animals getting into the tank 
but let water overflow out 

  Vent cowls allow air to 
circulate in the tank to help  
stop bad smells 

  Safety hatch fitted to 
access allowing internal 
cleaning and inspection 

 Rainwater in Use  
      Signage (ANYWHERE 
      on your property) 

 

  

 
  Food-grade tank liner    Floating hose draw–off    Deep tank draw–off    Water depth gauge  

 
Q1.13  Which of the following disinfection devices would your household use with the rainwater supply?  
  

  Solar hot water service with booster usually ‘on’ 
  Solar hot water service 
  Gas hot water service 
  Electrical hot water service 
  Instantaneous hot water service 
  Distiller unit 

  Ultraviolet light treatment 
  Reverse osmosis membranes 
  Ozone gas treatment 

    A kettle, if making tea/coffee from rainwater  
    A kettle for pre-boiling drinking water 
    None of these disinfection devices would be used 

 
Q1.14  Which of the following would be supplied by rainwater at this household? 
 

  Drinking water 
  Water for preparing food and cooking 
  Washing dishes  
  Showering/bathing  
  Laundry 
  Toilet flushing 
  Other internal use (describe)   ______________________ 

  Garden irrigation system 
  Garden hose  
  Water of food plants (fruit, vegetables etc) 
  Watering of non-food plants (lawn etc) 
  Vehicle washing  
  Pool, water feature, fishpond, fountain 
  Other external use (please describe)   ________________________ 

 
Q1.15  Including installation, how much would this household spend on a rainwater harvesting system?    $____________________ 
 
Q1.16  How much would this household receive in rebates for their rainwater tank?                                        $____________________ 

 
 
SECTION 2: Decision Making  
Please remember, there are no ‘right’ or ‘wrong’ or ‘good’ or ‘bad’ answers to these questions –  It is what is true for YOUR 
HOUSEHOLD that is important.  Please tick the most appropriate answer for your household. 
 
Q2.0  Has your household ever considered installing a rainwater tank? 
 

            Yes, this household is extremely interested in installing a rainwater tank (please go to Q2.4) 
            Yes, this household is somewhat interested in installing a rainwater tank (please go to Q2.4) 
            Yes, and this household has actively rejected installing a rainwater tank (please go to Q2.2) 
            No, this household has never really considered installing a rainwater tank (please go to Q 2.1) 
 
Q2.1  Is there a reason why your household has not considered a rainwater tank at this stage?  Please explain your answer. 
 
           _______________________________________________________________________________________________________________________________ 
 
            __________________________________________________________________________________________________________________________________ 
 

          It would be valuable to this research if you complete this survey as an indication of what factors you might consider in connection 
          with getting a household rainwater tank. (please go to Q 2.4) 

  
 



  

Q2.2  What is the main reason that your consideration process led to a household rejection of rainwater harvesting? 
 

  Cost   Not home owner   Health concern 
  Time   Not allowed in the area   Insufficient rainfall 
  Space   Unsuitable water quality   Other (please describe)  _______________________________________________ 

 
Q2.3  Please provide a description of how the main reason you identified specifically affected your decision to reject installation 

of a rainwater tank?   
 
           _______________________________________________________________________________________________________________________________ 
 
            __________________________________________________________________________________________________________________________________ 
 
Q2.4  Has your current household ever had a rainwater tank? (Please tick more than one answer if they apply) 
 

            Yes, but it fell into disuse 
            Yes, but it was not replaced at the end of its life 
            Yes, but it was removed with the introduction of mains water in the 1960s 
            No 
 
Q2.5   How much do you agree with each of the following statements?   
            

           For each item, please circle your rating from ‘Strongly Agree’ (SA) to ‘Strongly Disagree’ (SD). There  
           are no ‘right’ or ‘wrong’ answers to these questions. Circle the response that best suits your household.   
 

Because of the extra costs involved, we would not plumb the tank water for inside use SA   A   N   D SD 
Money spent on a rainwater tank would be better spent elsewhere SA   A   N   D SD 
On balance, the cost of a rainwater tank is worth the investment SA   A   N   D SD 
Saving money on future water bills motivates us to get a tank SA   A   N   D SD 
The overall cost would not affect our preference for tank size or shape SA   A   N   D SD 
The overall cost would not affect the peripheral components (eg pump, filters, first flush) we wanted SA   A   N   D SD 
The prospect of a rise in mains water rates motivates us to get a tank SA   A   N   D SD 
We would use a predetermined budget to help make decisions about what system components to install SA   A   N   D SD 

 
Q2.6  How would upfront and ongoing Cost and economy specifically affect your RHS installation decision and how the system  
          would be set up?  (A rainwater harvesting system – RHS –  just means the tank and peripheral components you consider)    
 
           ________________________________________________________________________________________________________________________________ 
 
            ___________________________________________________________________________________________________________________________________ 
 
Q2.7  Considering all elements in the cost to this household, the Cost and economy would be a strong 

positive influence on our household decision to install a rainwater harvesting system. (please circle) SA   A   N   D SD 
 
Q2.8  How much do you agree with each of the following statements?   
 

For our household to install a RHS, it should take no more effort to use rainwater than mains water from the tap SA   A   N   D SD 
Having a tank should mean water from our rain tank can be easily used when it is wanted SA   A   N   D SD 
It would be inconvenient or time consuming to actually use the water we’ve collected in our tank SA   A   N   D SD 
Peripheral components like gutter guards or leaf eaters minimise maintenance SA   A   N   D SD 
Peripheral components like pumps or switching devices make rainwater more convenient for our household use SA   A   N   D SD 
The complexity of the whole tank purchase and installation process delays our household getting a tank SA   A   N   D SD 
The rainwater harvesting system we install should be easy to operate and maintain SA   A   N   D SD 
Use and maintenance of the RHS would upset the day-to-day lifestyle of household members SA   A   N   D SD 
Water from our tank should easily be used where it is needed around the yard or home SA   A   N   D SD 
The concept of harvesting rain for household use is simple and appealing SA   A   N   D SD 

 
Q2.9  How would Ease of Use specifically affect your decision to install a RHS or how it would be set up?  
          (A rainwater harvesting system – RHS –  just means the tank and peripheral components you consider)    
 
            ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.10  Overall, Ease of Use would be a strong positive influence on our household decision to install a 

rainwater harvesting system. SA   A   N   D SD 



  

Q2.11   How much do you agree with each of the following statements?   
 

           For each item, please circle your rating from ‘Strongly Agree’ (SA) to ‘Strongly Disagree’ (SD). There  
           are no ‘right’ or ‘wrong’ answers to these questions. Circle the response that best suits your household.   
 

A rainwater tank is a good way for this household to help conserve water for environmental needs  SA   A   N   D SD 
Climate change means we will have less water in public dams to meet our needs SA   A   N   D SD 
Current environmental conditions (eg drought) motivate us to install a rainwater tank SA   A   N   D SD 
Individual households should try to adopt all the pro-environmental technologies that they can afford SA   A   N   D SD 
It is important to this household to minimise its overall impact on the environment  SA   A   N   D SD 
Preserving and conserving the environment should take absolute priority over human ‘needs’ SA   A   N   D SD 
The amount of water used by our society damages the future quality of the environment  SA   A   N   D SD 
There is not enough rain to make installing a tank worthwhile SA   A   N   D SD 
We would install a tank to help minimise household use of detergents, since rainwater is ‘soft’ water SA   A   N   D SD 
We would install a tank to assure we have water for household needs without further drawing on the dams SA   A   N   D SD 
When this household buys products we try to consider how our use of them affects the environment SA   A   N   D SD 

 
Q2.12  How would your thoughts or beliefs on the Environment specifically affect your decision to install a RHS or how it would  
            be set up? (A rainwater harvesting system – RHS –  just means the tank and peripheral components you consider)    
 
           ________________________________________________________________________________________________________________________________ 
 
            ___________________________________________________________________________________________________________________________________ 
 
Q2.13  Overall, the current and future state of the Environment would be a strong positive influence on our  
            household decision to install a rainwater harvesting system.   SA   A   N   D SD 
 
Q2.14  How much do you agree with each of the following statements?   
 

Filters and sterilisation are essential to ensure rainwater is safe to drink  SA   A   N   D SD 
Once you get a tank, it requires little extra effort to integrate the rainwater tank with plumbing inside the home SA   A   N   D SD 
Our RHS would include a pump to ensure wider possible use be made of the harvested rainwater SA   A   N   D SD 
Our RHS would include filtration to ensure wider possible use be made of the harvested rainwater SA   A   N   D SD 
Our RHS would include sterilisation to ensure wider possible use be made of the harvested rainwater SA   A   N   D SD 
So-called ‘lower order’ uses of rainwater (eg garden watering) are quite sufficient for our household’s needs SA   A   N   D SD 
Technologies like filtration and sterilisation are not necessary for our household’s use of rainwater SA   A   N   D SD 
We would select appropriate technologies to overcome any potential health issues with rain tanks SA   A   N   D SD 

 
Q2.15   What level of Sophistication in the performance would you want from the RHS and how would it specifically affect your 

decision to install a RHS or how it would be set up? 
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.16  Overall, getting the right level of Sophistication of the RHS would be a strong positive influence on our 

household decision to install a rainwater harvesting system SA   A   N   D SD 
 
Q2.17   How much do you agree with each of the following statements?   
 

Members of this household drank rainwater elsewhere before the tank was installed here SA   A   N   D SD 
Members of this household have used rainwater from a tank elsewhere before the tank was installed here SA   A   N   D SD 
Seeing a rainwater harvesting system in action (eg homeshow) helped us make the decision to install one SA   A   N   D SD 
We wouldn’t have installed a tank here without more personal experience of how well they work SA   A   N   D SD 

 
Q2.18  How would the opportunity to Experience rainwater harvesting before getting your own tank specifically affect your 

decision to install a RHS or how it would be set up?   
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.19  Overall, previous Experience using water from raintanks would be a strong positive influence on our 

household decision to install a rainwater harvesting system SA   A   N   D SD 



  

Q2.20   How much do you agree with each of the following statements?   
 

Ensuring access to water during mains restrictions would be an important part of the decision to get a tank SA   A   N   D SD 
Government plans to recycle water would be a motivating factor in this household's decision to install a tank SA   A   N   D SD 
It is important for members of this household to drink water free of chemical additives like chlorine SA   A   N   D SD 
Our household feels no need to take steps to have access to a separate supply of water during mains restrictions SA   A   N   D SD 
Our household should be able to use all the mains water we want SA   A   N   D SD 
Residents of modern cities should be able to use all the mains water we want SA   A   N   D SD 
Extra water supplied by the tank would allow us to relax about always watching household water consumption SA   A   N   D SD 
We can no longer rely solely on the mains supply to use when and where we want it SA   A   N   D SD 
We have, on occasion, ignored water restrictions for our household or garden needs SA   A   N   D SD 
We use a filter on mains water to remove chlorine before drinking SA   A   N   D SD 
We think that installing a tank would give us more control over the water we need SA   A   N   D SD 

 
Q2.21   How would your preferences for greater Independence in your lifestyle and consumption choices specifically affect your 
             decision to install a RHS or how it would be set up? 
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.22  Overall, our preference for maintaining control over an Independent water supply would be a strong 

positive influence on our household decision to install a rainwater harvesting system SA   A   N   D SD 
 
Q2.23  How much do you agree with each of the following statements?   
 

Even if it is not ‘technically compulsory’, this household still feels pressured to get a rainwater tank (eg socially) SA   A   N   D SD 
Individual households, not government, should have the final say about whether they install a tank or not SA   A   N   D SD 
Only households that have voluntarily installed a RHS can be trusted to use and maintain them properly SA   A   N   D SD 

 
Q2.24  How would a sense of Voluntariness about your own household’s RHS installation specifically affect your decision to 

install a RHS or how it would be set up? 
 
            ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.25  A sense of Voluntariness would be a strong positive influence on our household decision to install      

a rainwater harvesting system. SA   A   N   D SD 
 
Q2.26   How much do you agree with each of the following statements?   
 

Considering the hassle and expense involved, most households are better off without a rainwater tank SA   A   N   D SD 
Even if it takes a little extra effort, our household prefers rainwater to mains water SA   A   N   D SD 
Household rainwater tanks are not an answer to the water crisis – we need more dams SA   A   N   D SD 
It would be difficult to sacrifice the space required by the rainwater tank SA   A   N   D SD 
Overall, installing a rainwater tank gives households worthwhile advantages over homes that don’t have one SA   A   N   D SD 
Rainwater harvesting is better than an alternative community water supply like desalination SA   A   N   D SD 
Rainwater harvesting is better than an alternative community water supply like recycled water SA   A   N   D SD 
Rainwater harvesting is better than an alternative household water supply like a bore SA   A   N   D SD 
Rainwater harvesting is better than an alternative household water supply like a condenser SA   A   N   D SD 
Rainwater harvesting is better than an alternative household water supply like a greywater recycling system SA   A   N   D SD 

 
Q2.27   What would be the main advantages your household expected to get from rainwater harvesting versus other water 

sources and how did they specifically affect your decision to install a RHS or how it would be set up? 
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.28  Overall, the Relative Advantages of using rain water from a tank would be a strong positive influence 
            on our household decision to install a rainwater harvesting system SA   A   N   D SD 



  

Q2.29   How much do you agree with each of the following statements?  
 

It’s hard to get reliable, good quality advice necessary to understand new rainwater tanks and products SA   A   N   D SD 
New tank designs (eg slimline, underfloor bags) would be particularly influential in our decision to get a RHS SA   A   N   D SD 
New technologies like switching devices or top up systems would be important for our household’s RHS SA   A   N   D SD 
RHS technologies aren't that much different now to when Councils wanted all tanks removed SA   A   N   D SD 
Technological advances in household treatment and filtration systems make rainwater safer to use SA   A   N   D SD 

 
Q2.30  How do recent Innovations in RHS technologies specifically affect your decision to install a RHS or how it would be set up?   
 
             _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.31  Overall, the recent Innovations in RHS technologies would be a strong positive influence on our 

household decision to install a rainwater harvesting system. (please circle) SA   A   N   D SD 
 
Q2.32  How much do you agree with each of the following statements?   
 

Because of all the extra hassles with Council regulations, we would not plumb the tank water for inside use SA   A   N   D SD 
Councils and State Government over-regulate the conditions for rainwater tank installation SA   A   N   D SD 
Current levels of regulation of household rainwater harvesting are acceptable and necessary SA   A   N   D SD 
Installing a RHS is a sensible condition of all new buildings and alterations SA   A   N   D SD 
Overall, the incentive of tank rebates outweighs any issues of compliance with Council inspection or regulation SA   A   N   D SD 
Rainwater tanks should be made compulsory on all existing homes in South East Queensland SA   A   N   D SD 
The Council rebate would be an important part of our household decision to get a rainwater tank SA   A   N   D SD 
The hassle of complying with Council regulations discourages us from installing a tank SA   A   N   D SD 
The State Government rebate would be an important part of our household decision to get a rainwater tank SA   A   N   D SD 
We need rules to make households that install tanks minimise risks to community health (eg breeding mosquitoes) SA   A   N   D SD 
We would only consider using pro-environmental technologies when they are subsidised by Government SA   A   N   D SD 
Without the Council/Government rebates we would not install a tank SA   A   N   D SD 

 
Q2.33  How would Council or State Government incentives and regulations specifically affect your decision to install a RHS or 

how it would be set up? 
 
            ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.34  Considering all elements in their overall impact, Council or State Government policies would be a 

strong positive influence on our household decision to install a rainwater harvesting system. SA   A   N   D SD 
 
Q2.35   How much do you agree with each of the following statements?   
 

It is important that this household be seen to install a tank to set an example to others SA   A   N   D SD 
Our household would feel a sense of accomplishment or pride from our decision to install a tank  SA   A   N   D SD 
Our RHS would be integrated with household plumbing as a modern eco-design feature of our home SA   A   N   D SD 
The rainwater tank is an icon of Australian culture SA   A   N   D SD 
These days, a rainwater tank is something of a status symbol SA   A   N   D SD 
When we have guests we would be likely to often 'show off' the tank SA   A   N   D SD 

 
Q2.36  How would the Image surrounding ownership of a rainwater tank specifically affect your decision to install a RHS or how 

it would be set up?  (Your honesty is particularly appreciated with this question.  Thank you) 
 
             ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.37  Overall, the image surrounding ownership of a rainwater tank would be a strong positive influence  
            on our household decision to install a RHS SA   A   N   D SD 

 
 



  

Q2.38   How much do you agree with each of the following statements?   
 

I wish everyone would just shut up about using rainwater tanks – I’m sick of it SA   A   N   D SD 
It is unfair and a bit pointless that some households pay for rainwater tanks, while others don’t SA   A   N   D SD 
Members of our household have encouraged others in our community to install a rainwater tank SA   A   N   D SD 
Our household is likely to install a tank before anyone else we know SA   A   N   D SD 
Our household is likely to install a tank before most people we know SA   A   N   D SD 
Rainwater tanks are an eyesore to the amenity of our suburb SA   A   N   D SD 
Rainwater tanks have become an item of popular discussion in our social circles SA   A   N   D SD 
The elderly should be exempt from water restrictions imposed on others SA   A   N   D SD 
The needs of future generations are just as important as our own needs SA   A   N   D SD 
The water crisis can be solved if every household does its share SA   A   N   D SD 
We would install a rainwater tank out of a sense of community responsibility SA   A   N   D SD 

 
Q2.39  How would Community norms and the Community values of your household specifically affect your decision to install a  
            RHS or how it would be set up? 
 
             _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.40  Overall, membership of the Community in which we live would be a strong positive influence on our 
            household decision to install a rainwater harvesting system. (please circle) SA   A   N   D SD 

 
Q2.41   How much do you agree with each of the following statements? 
 

It is difficult to integrate rainwater with the plumbing at this household for inside use (eg laundry) SA   A   N   D SD 
Members of this household feel comfortable about using rainwater instead of mains water SA   A   N   D SD 
The tank is just one part of this household's ongoing commitment to live a ‘greener’ lifestyle  SA   A   N   D SD 
There is no space at our household to fit a rainwater tank SA   A   N   D SD 
Using tank water is not part of the lifestyle we would prefer SA   A   N   D SD 

 
Q2.42  How compatible is a RHS with the physical constraints and lifestyle preferences of your household?  How did this 

Compatibility specifically affect your decision to install a RHS or how it would be set up? 
 
            ________________________________________________________________________________________________________________________________ 
 
             ___________________________________________________________________________________________________________________________________ 
 
Q2.43  The overall Compatibility of a RHS with our household preferences and physical constraints would 
            be a strong positive influence on our household decision to install a rainwater harvesting system. SA   A   N   D SD 

 
Q2.44   How much do you agree with each of the following statements?   
 

If people see more households with rainwater tanks they will be more likely to get one too  SA   A   N   D SD 
We noticed 'Rainwater-in-use' signs appearing before we considered installing our own tank SA   A   N   D SD 
We are motivated to get a tank because it seems everyone is getting them now SA   A   N   D SD 
We are motivated to get a tank because of all the others in our local area SA   A   N   D SD 
When we visit other households that use rainwater, they usually show us their tank or talk about their tank SA   A   N   D SD 

 
Q2.45  How would the Visibility of rainwater harvesting around you specifically affect your decision to install a RHS or how it 

would be set up?    
 
             _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.46  Overall, the Visibility of rainwater tank installations would be a strong positive influence on our  
            household decision to install a rainwater harvesting system. (please circle) SA   A   N   D SD 
 
 
 



Q2.47  Of the potential influences on your household decision, please indicate which would be the top four factors by writing ‘1’  
            to the left of the most important factor, ‘2’ for the second, ‘3’ for the third and ‘4’ for the fourth most important factor.  
 

 _____  Costs and economy  _____  Public policy and regulations   _____  Community sense 
 _____  Appropriate RHS sophistication  _____  Environmental influences  _____  Greater independence 
 _____  Advantages obtained from RHS  _____  Voluntariness of installation  _____  Image or status of RHS 
 _____  Innovative RHS technologies  _____  Past experience with RHS  _____  Ease of use 
 _____  RHS compatibility with household  _____  Visibility of other installations  

 
Q2.48  For each information source below, use the rating scheme below to rate the OVERALL QUALITY of information  
            your household has already obtained about rainwater tanks.  Please write how you ‘accessed’ the sources used. 
 

Score Quality rating Description of quality rating 
1 Not applicable:      The household obtained no information from this source 
2 Very low quality:    The information we got was generally misleading, or contradictory or wrong 
3 Low quality:           The information we got was generally too broad to really help with our specific need 
4 Moderate quality:  The information we got was generally helpful, but left out important details 
5 High quality:          The information we got was generally good and reasonably complete 
6 Very high quality:  The information we got was generally excellent, complete and easy to understand 

  

 

     Source of InformaYour score tion Used   How did you get this information?  
out of 6  (eg telephone, in person, internet etc.)  

 Local Council rebate information or advertisement  
 State Government rebate information or advertisement  
 Council/Government regulations and guidelines  
 Rainwater tank suppliers or manufacturers  
 Media organisations (eg TV show, magazine, newspaper)  
 Friends, work colleagues or family (outside the household)  
 Builder or tradespeople  
 Other (please describe)  ________________________________  

 
Q2.49  What is the biggest problem you have so far encountered during the household decision making process and how has it  

specifically affected your decision to install a RHS or how it would be set up?   
 
            _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.50  Have you resolved the problem?  What source/s of information were most helpful and how? 
 
            _______________________________________________________________________________________________________________________________ 
 
Q2.51  What is the most positive incident that stands out during the household decision making process and how has it  

specifically affect your decision to install a RHS or how it would be set up?   
 
            _______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q2.52  What source/s of information were most helpful and how did they help your household to resolve or improve your decision? 
 
             _______________________________________________________________________________________________________________________________ 
 
Q2.53   If it is applicable, what is the biggest problem you encountered since making the decision to install the RHS?   
 
             _______________________________________________________________________________________________________________________________ 
 
Q2.54  Have you resolved the problem?  If so, please explain how. 
 
            _______________________________________________________________________________________________________________________________ 



  

SECTION 3: Your views 
 
Q3.1    How much do you agree with each of the following statements?   
 

           For each item, please circle your rating from ‘Strongly Agree’ (SA) to ‘Strongly Disagree’ (SD). There  
           are no ‘right’ or ‘wrong’ answers to these questions. Circle the response that best suits your household.   
 

Based on our own experience, we can’t seriously recommend that other households get a tank SA   A   N   D SD 
Households won't really understand the benefits of a tank until they have one themselves SA   A   N   D SD 
Our water bill shows we have used less mains water than we normally would SA   A   N   D SD 
Unfortunately, the tank capacity we can fit in our yard is too small to really be useful for our needs SA   A   N   D SD 
We would be happy with the balance of tank size and the quantity of water we get from the tank SA   A   N   D SD 
We would be happy with the quality of water we get from the rainwater tank SA   A   N   D SD 
We can actually see the benefit that other households get from their tank SA   A   N   D SD 

 
Q3.2    Is the Benefit from having a tank Clear enough to help you make a decision to install a RHS or how it would be set up?  How? 
 
             ______________________________________________________________________________________________________________________________ 
 
             __________________________________________________________________________________________________________________________________ 
 
Q3.3    Overall, Seeing the benefit we would obtain from the tank is a strong positive influence on our  
            household decision to install a RHS SA   A   N   D SD 

 
Q3.4   What in particular happened that helped you first notice it was important to your household to conserve water?  
 
           _______________________________________________________________________________________________________________________________ 
 
Q3.5   Does your household have a responsibility to do MORE to conserve water? Why?   
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.6  Has anything in particular happened for you to notice a need for greater independence over your household water supply? 
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.7  Do other households in the south-east Queensland community have a responsibility to do MORE to conserve water? Why?   
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.8  How would use and maintenance of the rainwater harvesting system affect the day to day routine of your household? 
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.9  In your view, what are the main health and maintenance implications of using raintanks in Queensland conditions? 
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.10  What advice, if any, has your household given to others about using rainwater tanks in Queensland conditions?  
 
            _______________________________________________________________________________________________________________________________ 
 
Q3.11  Former Senator John Black argued that the money used to build new dams would be better spent installing a rainwater  
            tank in every south east Queensland home (Financial Review, 5 August 2006).  What do you think about this idea? 
 
             _______________________________________________________________________________________________________________________________ 
 
              __________________________________________________________________________________________________________________________________ 
 
Q3.12  What other pro-environmental technologies does your home use? (eg insulation, solar hot water, grey water, architecture)   
 
           ________________________________________________________________________________________________________________________________ 
 
              __________________________________________________________________________________________________________________________________ 



  

SECTION 4: Household Behaviour 
 
Q4.1  In the past twelve months, please tick whether any of the following activities actually occurred at your household. 
 

 mulched the garden  stopped washing the car altogether  checked the household water meter 
 checked soil moisture before watering  washed the car on lawn/with a bucket  checked the raintank water level 
 grew more water hardy plants    tried to do only full loads of washing  recycled water to garden 
 either early or late garden watering  took shorter showers/shallow baths  recycled water to toilet 
 watered plants/lawn less or less often  used or installed low-flow shower   recycled water to laundry 
 turned off or fixed dripping taps  used or installed dual flush toilet/s  had a household water audit 

 
Q4.2  Who last cleaned the roof gutters?  (please describe: eg self, plumber, friend etc .. )   
 
           _______________________________________________________________________________________________________________________________ 
 
Q4.3  When is the last time the roof gutters were cleaned of leaves and other debris? 
 

  In the last 6 months 
  In the last 12 months 
  More than 12 months ago 
  As far as I know they have never been cleaned. 

 
Q4.4  How clean were the roof gutters the last time they were cleaned of leaves and other debris? 
 

  Little or no leaves or debris 
  A moderate amount of leaves or debris 
  Quite a lot of leaves and debris and some pooling of water 
  Blocked or overflowing 
  I don’t know. 

 
 
Please go to Q4.7 
 

 
 

Q4.7  If you have a water filter, when is the last time the filter was cleaned or replaced? 
 

  In the last year 
  In the last 2 years 
  More than 2 years ago 
  As far as I know it has never been cleaned 
 
 

Please go to Q 4.9 
 
 
Q4.9    On average, how many HOURS each YEAR do you estimate are spent maintaining the roof, gutters and downpipes?  
 

 _____________________ 
 
Q4.10  On average, how much money is spent each YEAR maintaining the roof, gutters and downpipes?   
 

 $___________________ 
 
Q4.11  Please tick as many of the activities below that your household is likely to do in the next twelve months. 
 

 mulch the garden  stop washing the car altogether  check the household water meter 
 check soil moisture before watering  wash the car on lawn/with a bucket  check the tank water level 
 grow more water hardy plants    try to do full loads of washing  recycle water for the garden 
 restrict to early/late garden watering  take shorter showers/shallow baths  recycle water to the toilet 
 water plants/lawn less or less often  install or use a low-flow showerhead  recycle water to do the laundry 
 turn off or fix dripping taps  install or use dual flush toilet/s   have a household water audit 

 
Q4.12  What other pro-environmental behaviours occur at your household? (composting, turn off lights, not use appliance stand-by)   
 
           _______________________________________________________________________________________________________________________________ 
 
              __________________________________________________________________________________________________________________________________ 



SECTION 5: Household Demographics 
 
Checking demographic information from the survey sample against Australian Bureau of Statistics information helps to ensure  
a good cross-section of our community has responded to this survey.   
 
Q5.1  How many people live at this household?  Age:____<18 years  ____18-35 years  ____36 – 55 years  ____56+               
                                                                                   (eg: _1_ <18            _0__18-35             2__36-55              _1__56+) 
 

Q5.2  How long have you lived at this address ?  _____________________________________________________________ 
 
Q5.3  Type of household dwelling: House  Townhouse   Unit     Other:  (please describe)____________________________ 
 
Q5.4  What size Lot is the dwelling on:   _____________________ m2      

  

 
Q5.5  What is the roof area of the dwelling:  _________________ m2  

You can estimate the area by pacing out the length and width in 
large steps and multiplying them. If you estimate, please write ‘E’ 
Example: 25 steps x 10 steps =  250 E  

 
Q5.6  What percentage of your roof could easily collect rainwater for a raintank?  ________________________________ 
 
Q5.7  Do you have a lawn or garden?     No lawn/garden        A small lawn/garden        A medium to large lawn/garden 
 
Q5.8  Dwelling ownership:    The owner lives at the household            The owner does not live at the household   
  
Q5.9  What is the total estimated annual household income before tax.     
 

 < $30,000      $30,001 - $60,000     $60,001 - $90,000      $90,001 - $120,000      $120,000 - $150,000     $150,001 + 
 
The information you need for Q5.10 and Q5.11 is available from your Council rates notices.  A Litres/day figure is also acceptable.                
 

Q5.10  What was household water consumption in Litres for the year ending 30 June 2007?    _____________________L.   
 
Q5.11   What was household water consumption in Litres for the year ending 30 June 2006?    _____________________L.   
 
Q5.12  What is the main language spoken in the household? _______________________________________________________________ 
 
Q5.13  Is at least one HEAD of the household an Australian Citizen?           Yes      No 
 
Q5.14  What is the highest education qualification completed by a HEAD/s of this household? ___________________________ 
 
              ___________________________________________________________________________________________________________________________ 
 
Q5.15  What are the current or usual occupation/s of the HEAD/s of this household? ______________________________________ 
 
              ___________________________________________________________________________________________________________________________ 
 
In the space below please write down any final thoughts you have regarding the use of rainwater tanks. You might like to  
include any feedback or suggestions you would like to give to households considering a rainwater tank, to policy makers          
or regulators, questions about installation, use and maintenance of rainwater tanks, or your comments on this survey.   
 
 _______________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 
 
__________________________________________________________________________________________________________________________________ 

If you need more space please feel free to use the back of the survey or ATTACH one or more pages to the survey.  
 



Appendix C1: Community Construct Subfactor Loadings 
 
 
TABLE C1a: Item loadings in the Community construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 3 4 

 

Overall, membership of the Community in which we live was a strong positive 
influence on our household decision to install a RH system (12) 0.866 -0.035 -0.105 0.028 
We installed a rainwater tank out of a sense of community responsibility (11) 0.862 0.097 -0.041 0.113 
Rainwater tanks have become an item of popular discussion in our social circles (7) 0.568 0.388 0.129 -0.062 
Our household installed a tank before most people we know (5) 0.019 0.862 0.051 0.011 
Our household installed a tank before anyone else we know (4) 0.015 0.834 -0.217 -0.096 
Members of our household have encouraged others in our community to install a 
rainwater tank (3) 0.205 0.539 -0.078 0.184 
Rainwater tanks are an eyesore to the amenity of our suburb ® (6) -0.094 0.001 0.758 0.055 
I wish everyone would just shut up about using rainwater tanks – I’m sick of it ® (1) 0.275 0.009 0.691 0.178 
It is unfair and a bit pointless that some households pay for rainwater tanks, while 
others don’t ® (2) -0.135 -0.146 0.623 -0.025 
The needs of future generations are just as important as our own needs (10) -0.057 0.290 0.182 0.680 
The water crisis can be solved if every household does its share (9) 0.299 -0.024 -0.168 0.663 
The elderly should be exempt from water restrictions imposed on others ® (8) -0.113 -0.202 0.340 0.539 
 
 
TABLE C1b: Item loadings in the Community construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 3 4 

 

We installed a rainwater tank out of a sense of community responsibility (11) 0.850 0.019 -0.069 0.062 
Overall, membership of the Community in which we live was a strong positive 
influence on our household decision to install a RH system (12) 0.832 -0.107 -0.134 -0.022 
Rainwater tanks have become an item of popular discussion in our social circles (7) 0.524 0.365 0.076 0.048 
Members of our household have encouraged others in our community to install a 
rainwater tank (3) 0.423 0.363 0.270 -0.120 
Our household installed a tank before most people we know (5) 0.033 0.836 -0.024 0.092 
Our household installed a tank before anyone else we know (4) 0.037 0.821 -0.264 -0.113 
Rainwater tanks are an eyesore to the amenity of our suburb ® (6) -0.065 -0.005 0.786 0.090 
The elderly should be exempt from water restrictions imposed on others ® (8) -0.061 -0.125 0.667 -0.001 
I wish everyone would just shut up about using rainwater tanks – I’m sick of it ® (1) 0.311 -0.063 0.531 0.473 
The needs of future generations are just as important as our own needs (10) 0.265 0.040 -0.214 0.681 
It is unfair and a bit pointless that some households pay for rainwater tanks, while 
others don’t ® (2) -0.125 -0.187 0.142 0.628 
The water crisis can be solved if every household does its share (9) -0.146 0.290 0.261 0.556 
 
 
 
 
 
 
 
 
 



 
TABLE C1c: Item loadings in the Community construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 3 4 

 

Our household installed a tank before most people we know (5) 0.899 0.172 -0.079 0.072 
Our household installed a tank before anyone else we know (4) 0.844 0.172 -0.155 -0.108 
Members of our household have encouraged others in our community to install a 
rainwater tank (3) 0.596 0.224 -0.413 0.061 
Overall, membership of the Community in which we live was a strong positive 
influence on our household decision to install a RH system (12) 0.170 0.844 0.069 -0.048 
We installed a rainwater tank out of a sense of community responsibility (11) 0.372 0.806 0.070 0.153 
The needs of future generations are just as important as our own needs (10) -0.277 0.633 -0.309 0.321 
Rainwater tanks have become an item of popular discussion in our social circles (7) 0.383 0.563 0.063 0.007 
I wish everyone would just shut up about using rainwater tanks – I’m sick of it ® (1) 0.032 0.213 0.735 0.048 
Rainwater tanks are an eyesore to the amenity of our suburb ® (6) -0.186 0.020 0.716 0.076 
It is unfair and a bit pointless that some households pay for rainwater tanks, while 
others don’t ® (2) -0.223 -0.308 0.547 0.182 
The elderly should be exempt from water restrictions imposed on others ® (8) -0.217 -0.032 0.177 0.823 
The water crisis can be solved if every household does its share (9) 0.308 0.194 0.053 0.709 
 
 
 



Appendix C2: Compatibility Construct Subfactor Loadings 
 
 
TABLE C2a: Item loadings in the Compatibility construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 

 

Using tank water is not part of the lifestyle we would prefer ® (5) 0.722 0.202 
There is no space at our household to fit a rainwater tank ® (4) 0.703 -0.091 
It is difficult to integrate rainwater with the plumbing at this household for inside use (eg laundry) ® 
(1) 0.627 -0.109 
Members of this household feel comfortable about using rainwater instead of mains water (2) 0.604 0.349 
The overall Compatibility of a RH system with our household preferences and physical constraints 
was a strong positive influence on our household decision to install a RH system (6) -0.113 0.822 
The tank is just one part of this household's ongoing commitment to live a ‘greener’ lifestyle (3) 0.148 0.718 
 
 
TABLE C2b: Item loadings in the Compatibility construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 

 

Using tank water is not part of the lifestyle we would prefer ® (5) 0.742 0.114 
There is no space at our household to fit a rainwater tank ® (4) 0.689 -0.361 
Members of this household feel comfortable about using rainwater instead of mains water (2) 0.627 0.454 
It is difficult to integrate rainwater with the plumbing at this household for inside use (eg laundry) ® 
(1) 0.569 0.184 
The overall Compatibility of a RH system with our household preferences and physical constraints 
was a strong positive influence on our household decision to install a RH system (6) -0.006 0.754 
The tank is just one part of this household's ongoing commitment to live a ‘greener’ lifestyle (3) 0.158 0.627 
 
 
TABLE C2c: Item loadings in the Compatibility construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 

 

Using tank water is not part of the lifestyle we would prefer ® (5) 0.803 0.048 
There is no space at our household to fit a rainwater tank ® (4) 0.791 -0.037 
Members of this household feel comfortable about using rainwater instead of mains water (2) 0.529 0.161 
It is difficult to integrate rainwater with the plumbing at this household for inside use (eg laundry) ® 
(1) 0.479 -0.503 
The overall Compatibility of a RH system with our household preferences and physical constraints 
was a strong positive influence on our household decision to install a RH system (6) 0.025 0.814 
The tank is just one part of this household's ongoing commitment to live a ‘greener’ lifestyle (3) 0.225 0.792 
 
 
 
 
 
 
 
 
 



Appendix C3: Cost and Economy Construct Subfactor Loadings 
 
TABLE C3a: Item loadings in the Cost and Economy construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 3 

 

The prospect of a rise in mains water rates motivated us to get a tank (7) .835 -.031 .112 
Saving money on future water bills motivated us to get a tank (4) .783 -.195 -.144 
Considering all elements in the cost to this household, the cost and economy 
was a strong positive influence on our household decision to install a RH system 
(9) 

.700 .080 .088 

We used a predetermined budget to help make decisions about what system 
components to install (8) .611 .282 .064 
The overall cost did not affect our preference for tank size or shape ® (5) -.038 .889 .046 
The overall cost did not affect the peripheral components (eg pump, filters, first 
flush) we wanted ® (6) -.018 .881 .162 
Money spent on a rainwater tank would be better spent elsewhere (2) .145 .092 .856 
On balance, the cost of a rainwater tank is worth the investment ® (3) -.079 .179 .824 
 
 
TABLE C3b: Item loadings in the Cost and Economy construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 3 

 

The prospect of a rise in mains water rates motivated us to get a tank (7) 0.816 -0.097 0.247 
Saving money on future water bills motivated us to get a tank (4) 0.739 -0.239 0.011 
Considering all elements in the cost to this household, the cost and economy 
was a strong positive influence on our household decision to install a RH system 
(9) 

0.703 0.067 -0.010 

We used a predetermined budget to help make decisions about what system 
components to install (8) 0.607 0.370 -0.076 
The overall cost did not affect the peripheral components (eg pump, filters, first 
flush) we wanted ® (6) -0.130 0.872 0.160 
The overall cost did not affect our preference for tank size or shape ® (5) -0.115 0.861 0.066 
On balance, the cost of a rainwater tank is worth the investment ® (3) -0.153 0.100 0.873 
Money spent on a rainwater tank would be better spent elsewhere (2) 0.401 0.096 0.702 
 
 
TABLE C3c: Item loadings in the Cost and Economy construct subfactors – Nonadopter Respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 3 

 

On balance, the cost of a rainwater tank is worth the investment ® (3) 0.853 -0.022 0.199 
Money spent on a rainwater tank would be better spent elsewhere (2) 0.843 -0.162 0.236 
The prospect of a rise in mains water rates motivated us to get a tank (7) -0.377 0.681 0.174 
Saving money on future water bills motivated us to get a tank (4) -0.467 0.655 -0.053 
We used a predetermined budget to help make decisions about what system 
components to install (8) 0.211 0.648 -0.145 
Considering all elements in the cost to this household, the cost and economy 
was a strong positive influence on our household decision to install a RH system 
(9) 

-0.009 0.624 0.050 

The overall cost did not affect our preference for tank size or shape ® (5) 0.115 -0.068 0.862 
The overall cost did not affect the peripheral components (eg pump, filters, first 
flush) we wanted ® (6) 0.255 0.039 0.841 



Appendix C4: Ease of Use Construct Subfactor Loadings 
 
 
TABLE C4a: Item loadings in the Ease of Use construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 3 

 

For our household, it takes no more effort to use rainwater than mains water from the tap (1) 0.679 -0.042 0.127 
We installed a tank because the concept of harvesting rain for household use is simple and 
appealing (10) 0.629 0.237 0.111 
Having a tank means water from our rain tank can be easily used when it is wanted (2) 0.614 0.362 0.238 
Water from our tank can easily be used where it is needed around the yard or home (9) 0.551 0.120 0.001 
Overall, Ease of Use was a strong positive influence on our household decision to install a 
RH system (11) 0.543 -0.317 0.084 
It is inconvenient or time consuming to actually use the water we’ve collected in our tank ® (3) 0.505 0.481 0.084 
Use and maintenance of the RH system has upset the day-to-day lifestyle of household 
members ® (8) -0.065 0.805 0.042 
The complexity of the whole tank purchase and installation process delayed our household 
getting a tank ® (6) 0.160 0.693 -0.279 
The RH system we installed is easy to operate and maintain (7) 0.322 0.552 0.397 
Peripheral components like pumps or switching devices make rainwater more convenient for our 
household use (5) 0.138 0.122 0.810 
Peripheral components like gutter guards or leaf eaters minimise maintenance (4) 0.106 -0.166 0.735 
 
 
TABLE C4b: Item loadings in the Ease of Use construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 3 

 

Having a tank means water from our rain tank can be easily used when it is wanted (2) 0.724 0.142 0.222 
For our household, it takes no more effort to use rainwater than mains water from the tap (1) 0.706 0.017 0.176 
Overall, Ease of Use was a strong positive influence on our household decision to install a 
RH system (11) 0.686 -0.312 -0.139 
We installed a tank because the concept of harvesting rain for household use is simple and 
appealing (10) 0.624 0.204 0.131 
It is inconvenient or time consuming to actually use the water we’ve collected in our tank ® (3) 0.623 0.473 0.046 
Water from our tank can easily be used where it is needed around the yard or home (9) 0.555 0.110 0.050 
Use and maintenance of the RH system has upset the day-to-day lifestyle of household 
members ® (8) -0.039 0.807 0.022 
The complexity of the whole tank purchase and installation process delayed our household 
getting a tank ® (6) 0.161 0.668 -0.207 
The RH system we installed is easy to operate and maintain (7) 0.378 0.503 0.448 
Peripheral components like pumps or switching devices make rainwater more convenient for our 
household use (5) 0.200 0.045 0.775 
Peripheral components like gutter guards or leaf eaters minimise maintenance (4) 0.021 -0.167 0.773 
 
 



TABLE C4c: Item loadings in the Ease of Use construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 3 4 

 

Use and maintenance of the RH system has upset the day-to-day lifestyle of 
household members ® (8) 0.774 0.095 -0.062 0.054 
The RH system we installed is easy to operate and maintain (7) 0.675 -0.065 0.486 0.157 
It is inconvenient or time consuming to actually use the water we’ve collected in our tank 
® (3) 0.666 0.281 -0.264 0.010 
The complexity of the whole tank purchase and installation process delayed our 
household getting a tank ® (6) 0.611 0.105 0.098 -0.106 
Peripheral components like gutter guards or leaf eaters minimise maintenance (4) 0.110 0.793 -0.015 0.191 
We installed a tank because the concept of harvesting rain for household use is 
simple and appealing (10) 0.153 0.747 0.246 -0.059 
Water from our tank can easily be used where it is needed around the yard or home (9) 0.145 0.439 0.072 -0.602 
For our household, it takes no more effort to use rainwater than mains water from the tap 
(1) -0.167 0.126 0.815 -0.048 
Having a tank means water from our rain tank can be easily used when it is wanted 
(2) 0.512 0.230 0.626 -0.148 
Overall, Ease of Use was a strong positive influence on our household decision to 
install a RH system (11) 0.021 0.267 -0.081 0.767 
Peripheral components like pumps or switching devices make rainwater more convenient 
for our household use (5) 0.323 0.347 0.232 0.371 

 



Appendix C5: Environment Construct Subfactor Loadings 
 
 
TABLE C5a: Item loadings in the Environment construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 3 

 

A rainwater tank is a good way for this household to help conserve water for environmental 
needs (1) 0.804 0.125 0.029 
It is important to this household to minimise its overall impact on the environment (5) 0.774 0.142 0.327 
Individual households should try to adopt all the pro-environmental technologies that they can 
afford (4) 0.737 0.145 0.320 
Climate change means we will have less water in public dams to meet our needs (2) 0.588 0.317 0.193 
We installed the tank to assure we have water for household needs without further drawing 
on the dams (10) 0.140 0.811 0.093 
Overall, the current and future state of the Environment was a strong positive influence on our 
household decision to install a RH system (12) 0.085 0.759 0.379 
Current environmental conditions (eg drought) motivated us to install a rainwater tank (3) 0.301 0.747 0.001 
The amount of water used by our society damages the future quality of the environment (6) 0.135 0.018 0.853 
We installed a tank to help minimise household use of detergents, since rainwater is ‘soft’ 
water (7) 0.312 0.129 0.658 
When this household buys products we try to consider how our use of them affects the 
environment (11) 0.192 0.345 0.601 

 
 
TABLE C5b: Item loadings in the Environment construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 3 

 

Individual households should try to adopt all the pro-environmental technologies that they can 
afford (4) 0.771 0.201 0.223 
A rainwater tank is a good way for this household to help conserve water for environmental 
needs (1) 0.749 -0.012 0.170 
It is important to this household to minimise its overall impact on the environment (5) 0.714 0.102 0.372 
Climate change means we will have less water in public dams to meet our needs (2) 0.684 0.371 0.016 
We installed the tank to assure we have water for household needs without further drawing 
on the dams (10) 0.014 0.792 0.152 
Overall, the current and future state of the Environment was a strong positive influence on our 
household decision to install a RH system (12) 0.181 0.766 0.328 
Current environmental conditions (eg drought) motivated us to install a rainwater tank (3) 0.265 0.760 -0.059 
The amount of water used by our society damages the future quality of the environment (6) 0.187 -0.014 0.794 
When this household buys products we try to consider how our use of them affects the 
environment (11) 0.086 0.386 0.705 
We installed a tank to help minimise household use of detergents, since rainwater is ‘soft’ 
water (7) 0.341 0.111 0.623 

 
 



TABLE C5c: Item loadings in the Environment construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 3 

 

A rainwater tank is a good way for this household to help conserve water for environmental 
needs (1) 0.804 0.297 -0.004 
Current environmental conditions (eg drought) motivated us to install a rainwater tank (3) 0.797 0.242 0.152 
We installed the tank to assure we have water for household needs without further drawing 
on the dams (10) 0.694 0.163 0.370 
It is important to this household to minimise its overall impact on the environment (5) 0.528 0.656 0.187 
Individual households should try to adopt all the pro-environmental technologies that they can 
afford (4) 0.300 0.720 0.206 
Climate change means we will have less water in public dams to meet our needs (2) 0.247 0.705 0.122 
When this household buys products we try to consider how our use of them affects the 
environment (11) 0.074 0.683 0.313 
The amount of water used by our society damages the future quality of the environment (6) 0.016 0.270 0.822 
Overall, the current and future state of the Environment was a strong positive influence on our 
household decision to install a RH system (12) 0.466 0.054 0.724 
We installed a tank to help minimise household use of detergents, since rainwater is ‘soft’ 
water (7) 0.144 0.389 0.620 

 
 



Appendix C6: Experience Construct Subfactor Loadings 
 
 
TABLE C6a: Item loadings in the Experience construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 

 

Members of this household have used rainwater from a tank elsewhere before the tank was 
installed here (2) 0.944 0.057 
Members of this household drank rainwater elsewhere before the tank was installed here (1) 0.930 0.144 
We wouldn’t have installed a tank here without more personal experience of how well they work (4) 0.082 0.780 
Seeing a RH system in action (eg homeshow) helped us make the decision to install one (3) 0.023 0.739 
Overall, previous Experience using water from raintanks was a strong positive influence on our 
household decision to install a RH system (5) 0.480 0.609 

 
 
TABLE C6b: Item loadings in the Experience construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 

 

Members of this household have used rainwater from a tank elsewhere before the tank was 
installed here (2) 0.941 0.045 
Members of this household drank rainwater elsewhere before the tank was installed here (1) 0.932 0.091 
We wouldn’t have installed a tank here without more personal experience of how well they work (4) 0.056 0.790 
Seeing a RH system in action (eg homeshow) helped us make the decision to install one (3) 0.011 0.777 
Overall, previous Experience using water from raintanks was a strong positive influence on our 
household decision to install a RH system (5) 0.523 0.622 

 
 
TABLE C6c: Item loadings in the Experience construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 

 

Members of this household have used rainwater from a tank elsewhere before the tank was 
installed here (1) 0.845 0.301 
Members of this household drank rainwater elsewhere before the tank was installed here (2) 0.803 0.458 
Seeing a RH system in action (eg homeshow) helped us make the decision to install one (3) 0.622 -0.150 
We wouldn’t have installed a tank here without more personal experience of how well they work (4) -0.003 0.816 
Overall, previous Experience using water from raintanks was a strong positive influence on our 
household decision to install a RH system (5) 0.196 0.726 
 



Appendix C7: Governance and Regulation Construct Subfactor Loadings 
 
 
TABLE C7a: Item loadings in the Governance and Regulation construct subfactors – All Respondents. 
 

All Respondents Subfactors 
Item 1 2 3 4 

 

The Council rebate was an important part of our household decision to get a 
rainwater tank (7) 0.882 0.100 0.139 0.015 
The State Government rebate was an important part of our household decision to get 
a rainwater tank (9) 0.853 0.228 0.116 0.004 
Considering all elements in their overall impact, Council or State Government 
policies were a strong positive influence on our household decision to install a RH 
system (13) 

0.794 0.015 0.095 0.032 

Without the Council/Government rebates we would not have installed a tank (12) 0.700 0.283 -0.160 -0.195 
The hassle of complying with Council regulations discouraged us from installing a 
tank (8) -0.018 0.676 -0.218 -0.204 
Because of all the extra hassles with Council regulations, we decided not to plumb 
the tank water for inside use (1) 0.236 0.660 -0.045 -0.099 
We would only consider using pro-environmental technologies when they are 
subsidised by Government (11) 0.171 0.622 0.026 0.089 
We need rules to make households that install tanks minimise risks to community 
health (eg breeding mosquitoes) (10) 0.097 0.542 0.373 0.205 
Current levels of regulation of household RH are acceptable and necessary (3) 0.028 0.069 0.859 0.059 
Councils and State Government over-regulate the conditions for rainwater tank 
installation ® (2) -0.122 0.163 0.821 0.027 
Installing a RH system is a sensible condition of all new buildings and alterations (4) -0.082 -0.038 -0.040 0.805 
Rainwater tanks should be made compulsory on all existing homes in South East 
Queensland (6) 0.019 -0.009 0.090 0.783 

 
 



TABLE C7b: Item loadings in the Governance and Regulation construct subfactors – Adopter Respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 3 4 

 

The Council rebate was an important part of our household decision to get a 
rainwater tank (7) 0.854 0.041 0.167 -0.080 
The State Government rebate was an important part of our household decision to get 
a rainwater tank (9) 0.841 0.220 0.109 -0.055 
Considering all elements in their overall impact, Council or State Government 
policies were a strong positive influence on our household decision to install a RH 
system (13) 

0.803 -0.105 -0.018 0.005 

Without the Council/Government rebates we would not have installed a tank (12) 0.660 0.254 -0.032 -0.284 
The hassle of complying with Council regulations discouraged us from installing a 
tank (8) -0.108 0.712 -0.123 -0.263 
We would only consider using pro-environmental technologies when they are 
subsidised by Government (11) 0.050 0.701 0.079 0.150 
Because of all the extra hassles with Council regulations, we decided not to plumb 
the tank water for inside use (1) 0.434 0.443 -0.228 -0.002 
We need rules to make households that install tanks minimise risks to community 
health (eg breeding mosquitoes) (10) 0.201 0.331 0.159 0.317 
Councils and State Government over-regulate the conditions for rainwater tank 
installation ® (2) -0.029 0.015 -0.868 0.066 
Current levels of regulation of household RH are acceptable and necessary (3) 0.165 -0.011 0.797 0.176 
Installing a RH system is a sensible condition of all new buildings and alterations (4) -0.139 0.007 -0.038 0.761 
Rainwater tanks should be made compulsory on all existing homes in South East 
Queensland (6) -0.032 -0.029 0.087 0.754 

 



TABLE C7c: Item loadings in the Governance and Regulation construct subfactors – Nonadopter 
                      Respondents 
 

Nonadopter Respondents Subfactors 
Item 1 2 3 4 

 

The State Government rebate was an important part of our household decision to get 
a rainwater tank (9) 0.827 0.072 0.109 0.233 
The Council rebate was an important part of our household decision to get a 
rainwater tank (7) 0.816 0.022 0.105 0.291 
Without the Council/Government rebates we would not have installed a tank (12) 0.756 0.251 -0.273 -0.171 
Considering all elements in their overall impact, Council or State Government 
policies were a strong positive influence on our household decision to install a RH 
system (13) 

0.731 -0.029 0.240 0.050 

Because of all the extra hassles with Council regulations, we decided not to plumb 
the tank water for inside use (1) 0.179 0.814 0.054 -0.130 
The hassle of complying with Council regulations discouraged us from installing a 
tank (8) 0.086 0.775 -0.119 0.085 
We need rules to make households that install tanks minimise risks to community 
health (eg breeding mosquitoes) (10) 0.250 0.474 0.498 0.340 
We would only consider using pro-environmental technologies when they are 
subsidised by Government (11) 0.602 0.422 0.097 -0.118 
Current levels of regulation of household RH are acceptable and necessary (3) 0.025 0.109 0.895 -0.035 
Councils and State Government over-regulate the conditions for rainwater tank 
installation ® (2) -0.156 0.330 -0.824 0.028 
Rainwater tanks should be made compulsory on all existing homes in South East 
Queensland (6) 0.101 0.104 0.091 0.740 
Installing a RH system is a sensible condition of all new buildings and alterations (4) 0.056 -0.172 -0.104 0.713 
 



 
Appendix C8: Image Construct Subfactor Loadings 

 
 
TABLE C8a: Item loadings in the Image construct subfactors – All respondents. 
 

All Respondents Factor 
Item 1 

 

The rainwater tank is an icon of Australian culture (4) 0.780 
When we have guests we often 'show off' the tank (6) 0.758 
It is important that this household be seen to install a tank to set an example to others (1) 0.756 
How did the Image surrounding ownership of a rainwater tank specifically affect your decision to install a 
RH system or how it was set up? (7) 0.749 
Our rainwater system is integrated with household plumbing as a modern eco-design feature of our home (3) 0.632 
These days, a rainwater tank is something of a status symbol (5) 0.541 
Our household feels a sense of accomplishment or pride from our decision to install a tank (2) 0.449 
 
 
TABLE C8b: Item loadings in the Image construct subfactors – Adopter respondents. 
 

Adopter Respondents Factor 
Item 1 

 

When we have guests we often 'show off' the tank (6) 0.779 
It is important that this household be seen to install a tank to set an example to others (1) 0.773 
The rainwater tank is an icon of Australian culture (4) 0.762 
How did the Image surrounding ownership of a rainwater tank specifically affect your decision to install a 
RH system or how it was set up? (7) 0.720 
Our rainwater system is integrated with household plumbing as a modern eco-design feature of our home (3) 0.592 
These days, a rainwater tank is something of a status symbol (5) 0.514 
Our household feels a sense of accomplishment or pride from our decision to install a tank (2) 0.406 
 
 
TABLE C8c: Item loadings in the Image construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Factor 
Item 1 

 

The rainwater tank is an icon of Australian culture (4) 0.812 
How did the Image surrounding ownership of a rainwater tank specifically affect your decision to install a 
RH system or how it was set up? (7) 0.786 
When we have guests we often 'show off' the tank (6) 0.750 
These days, a rainwater tank is something of a status symbol (5) 0.736 
Our rainwater system is integrated with household plumbing as a modern eco-design feature of our home (3) 0.697 
Our household feels a sense of accomplishment or pride from our decision to install a tank (2) 0.583 
It is important that this household be seen to install a tank to set an example to others (1) 0.542 
 



Appendix C9: Independence Construct Subfactor Loadings 
 
 
TABLE C9a: Item loadings in the Independence construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 3 4 

 

We wanted to install a tank to have more control over the water we need (11) 0.811 0.088 0.027 0.077 
Overall, our preference for maintaining control over an Independent water supply 
was a strong positive influence on our household decision to install a RH system (12) 0.798 0.017 0.136 -0.028 
Ensuring our access to water during mains restrictions was an important part of the 
decision to get a tank (1) 0.697 0.009 0.211 0.064 
We can no longer rely solely on the mains supply to use when and where we want it 
(8) 0.583 -0.151 -0.124 0.047 
Residents of modern cities should be able to use all the mains water we want (6) -0.047 0.870 0.070 -0.010 
Our household should be able to use all the mains water we want (5) -0.171 0.839 0.185 0.039 
The extra water supplied by the tank allow us to relax about always watching 
household water consumption (7) 0.328 0.613 -0.015 -0.259 
It is important for members of this household to drink water free of chemical additives 
like chlorine (3) -0.028 0.059 0.794 -0.131 
Government plans to recycle water were a motivating factor in this household's 
decision to install a tank (2) 0.212 0.114 0.763 0.049 
We have, on occasion, ignored water restrictions for our household or garden needs (9) -0.026 0.420 0.016 0.586 
 
 
 TABLE C9b: Item loadings in the Independence construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 3 4 

 

Overall, our preference for maintaining control over an Independent water supply 
was a strong positive influence on our household decision to install a RH system (12) 0.835 0.020 0.036 -0.060 
We wanted to install a tank to have more control over the water we need (11) 0.827 0.134 -0.046 -0.028 
Ensuring our access to water during mains restrictions was an important part of the 
decision to get a tank (1) 0.734 -0.093 0.198 0.029 
We can no longer rely solely on the mains supply to use when and where we want it 
(8) 0.440 0.015 -0.126 -0.563 
Our household should be able to use all the mains water we want (5) -0.106 0.807 0.147 0.198 
Residents of modern cities should be able to use all the mains water we want (6) 0.045 0.795 0.086 0.223 
The extra water supplied by the tank allow us to relax about always watching 
household water consumption (7) 0.260 0.650 0.075 -0.020 
It is important for members of this household to drink water free of chemical additives 
like chlorine (3) -0.153 0.099 0.742 -0.088 
Government plans to recycle water were a motivating factor in this household's 
decision to install a tank (2) 0.370 0.100 0.624 0.203 
We have, on occasion, ignored water restrictions for our household or garden needs (9) 0.060 0.183 -0.147 0.690 
 
 



TABLE C9c: Item loadings in the Independence construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 3 4 

 

We wanted to install a tank to have more control over the water we need (11) 0.768 -0.110 0.034 0.047 
Ensuring our access to water during mains restrictions was an important part of the 
decision to get a tank (1) 0.755 0.080 0.056 -0.122 
Overall, our preference for maintaining control over an Independent water supply was a 
strong positive influence on our household decision to install a RH system (12) 0.636 -0.070 0.414 0.118 
We can no longer rely solely on the mains supply to use when and where we want it (8) 0.630 -0.241 0.075 -0.143 
Residents of modern cities should be able to use all the mains water we want (6) -0.125 0.908 0.008 0.032 
Our household should be able to use all the mains water we want (5) -0.175 0.888 0.156 -0.058 
The extra water supplied by the tank allow us to relax about always watching household 
water consumption (7) 0.421 0.544 -0.134 0.477 
Government plans to recycle water were a motivating factor in this household's decision 
to install a tank (2) 0.014 0.029 0.838 -0.135 
It is important for members of this household to drink water free of chemical additives 
like chlorine (3) 0.189 0.121 0.771 0.271 
We have, on occasion, ignored water restrictions for our household or garden needs (9) -0.307 0.075 0.166 0.756 
 



Appendix C10: Relative Advantage Construct Subfactor Loadings 
 
 
TABLE C10a: Item loadings in the Relative Advantage construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 

 

RH is better than an alternative household water supply like a bore (8) 0.785 0.176 
RH is better than an alternative community water supply like recycled water (7) 0.774 0.171 
RH is better than an alternative household water supply like a condenser (9) 0.751 0.125 
RH is better than an alternative household water supply like a greywater recycling system (10) 0.727 -0.057 
RH is better than an alternative community water supply like desalination (6) 0.723 0.262 
Overall, the Relative Advantages of using rain water from a tank were a strong positive influence on 
our household decision to install a RH system (11) 0.123 0.702 
Overall, installing a rainwater tank gives households worthwhile advantages over homes that don’t 
have on (5) 0.111 0.702 
Considering the hassle and expense involved, most households are better off without a rainwater 
tank ® (1) -0.060 0.662 
Even if it takes a little extra effort, our household prefers rainwater to mains water (2) 0.305 0.605 
It was difficult to sacrifice the space required by the rainwater tank ® (4) 0.112 0.445 
 
 
TABLE C10b: Item loadings in the Relative Advantage construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 

 

RH is better than an alternative household water supply like a bore (8) 0.818 0.195 
RH is better than an alternative community water supply like recycled water (7) 0.793 0.153 
RH is better than an alternative community water supply like desalination (6) 0.752 0.230 
RH is better than an alternative household water supply like a greywater recycling system (10) 0.724 0.167 
RH is better than an alternative household water supply like a condenser (9) 0.723 -0.011 
Overall, installing a rainwater tank gives households worthwhile advantages over homes that don’t 
have on (5) 0.053 0.782 
Overall, the Relative Advantages of using rain water from a tank were a strong positive influence on 
our household decision to install a RH system (11) 0.107 0.724 
Considering the hassle and expense involved, most households are better off without a rainwater 
tank ® (1) 0.260 0.653 
Even if it takes a little extra effort, our household prefers rainwater to mains water (2) -0.035 0.539 
It was difficult to sacrifice the space required by the rainwater tank ® (4) 0.304 0.404 
 
 



TABLE C10c: Item loadings in the Relative Advantage construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 

 

RH is better than an alternative household water supply like a condenser (9) 0.825 0.078 
RH is better than an alternative household water supply like a greywater recycling system (10) 0.768 -0.119 
RH is better than an alternative community water supply like recycled water (7) 0.727 0.240 
RH is better than an alternative household water supply like a bore (8) 0.682 0.229 
RH is better than an alternative community water supply like desalination (6) 0.554 0.488 
Considering the hassle and expense involved, most households are better off without a rainwater 
tank ® (1) -0.014 0.726 
It was difficult to sacrifice the space required by the rainwater tank ® (4) 0.047 0.685 
Overall, the Relative Advantages of using rain water from a tank were a strong positive influence on 
our household decision to install a RH system (11) 0.121 0.678 
Overall, installing a rainwater tank gives households worthwhile advantages over homes that don’t 
have on (5) 0.125 0.676 
Even if it takes a little extra effort, our household prefers rainwater to mains water (2) 0.402 0.517 
 
 



Appendix C11: System Sophistication Construct Subfactor Loadings 
 
 
TABLE C11a: Item loadings in the System Sophistication construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 3 

 

Our rainwater system includes filtration to ensure wider possible use be made of the 
harvested rainwater (4) 0.822 0.015 -0.106 
Our rainwater system includes sterilisation to ensure wider possible use be made of the 
harvested rainwater (5) 0.735 0.072 0.159 
We selected appropriate technologies to overcome any potential health issues with rain tanks 
(8) 0.680 0.186 0.197 
Overall, getting the right level of Sophistication of the RH system was a strong positive 
influence on our household decision to install a RH system (9) 0.665 -0.088 -0.177 
So-called ‘lower order’ uses of rainwater (eg garden watering) are quite sufficient for our 
household’s needs (6) 0.305 0.769 -0.209 
Our rainwater system includes a pump to ensure wider possible use be made of the 
harvested rainwater (3) -0.412 0.593 0.176 
Technologies like filtration and sterilisation are not necessary for our household’s use of 
rainwater (7) 0.440 0.459 0.395 
Filters and sterilisation are essential to ensure rainwater is safe to drink (1) 0.294 -0.231 0.776 
Once you get a tank, it requires little extra effort to integrate the rainwater tank with plumbing 
inside the home (2) -0.244 0.152 0.534 

 
 
TABLE C11b: Item loadings in the System Sophistication construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 3 

 

Our rainwater system includes filtration to ensure wider possible use be made of the 
harvested rainwater (4) 0.805 -0.037 -0.067 
Our rainwater system includes sterilisation to ensure wider possible use be made of the 
harvested rainwater (5) 0.735 0.209 0.084 
Overall, getting the right level of Sophistication of the RH system was a strong positive 
influence on our household decision to install a RH system (9) 0.647 -0.151 -0.144 
We selected appropriate technologies to overcome any potential health issues with rain tanks 
(8) 0.592 0.166 0.412 
So-called ‘lower order’ uses of rainwater (eg garden watering) are quite sufficient for our 
household’s needs (6) 0.073 0.787 -0.217 
Technologies like filtration and sterilisation are not necessary for our household’s use of 
rainwater (7) 0.314 0.687 0.255 
Our rainwater system includes a pump to ensure wider possible use be made of the 
harvested rainwater (3) -0.357 0.592 0.012 
Filters and sterilisation are essential to ensure rainwater is safe to drink (1) 0.186 -0.028 0.794 
Once you get a tank, it requires little extra effort to integrate the rainwater tank with plumbing 
inside the home (2) -0.260 -0.028 0.581 

 
 
 
 
 
 
 



TABLE C11c: Item loadings in the System Sophistication construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 3 

 

Our rainwater system includes filtration to ensure wider possible use be made of the 
harvested rainwater (4) 0.702 0.365 -0.326 
Our rainwater system includes sterilisation to ensure wider possible use be made of the 
harvested rainwater (5) 0.642 0.273 -0.285 
We selected appropriate technologies to overcome any potential health issues with rain tanks 
(8) 0.607 0.231 -0.196 
Overall, getting the right level of Sophistication of the RH system was a strong positive 
influence on our household decision to install a RH system (9) 0.482 0.136 -0.436 
So-called ‘lower order’ uses of rainwater (eg garden watering) are quite sufficient for our 
household’s needs (6) 0.057 0.821 -0.151 
Technologies like filtration and sterilisation are not necessary for our household’s use of 
rainwater (7) -0.419 0.558 -0.107 
Our rainwater system includes a pump to ensure wider possible use be made of the 
harvested rainwater (3) 0.495 0.532 0.228 
Filters and sterilisation are essential to ensure rainwater is safe to drink (1) -0.086 -0.004 0.902 
Once you get a tank, it requires little extra effort to integrate the rainwater tank with plumbing 
inside the home (2) 0.054 0.010 0.838 

 
 
 



Appendix C12: Technological Innovation Construct Subfactor Loadings 
 
 
TABLE C12a: Item loadings in the Technological Innovation construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 

 

New technologies like switching devices or top up systems are important for our household’s use of 
rainwater (3) 0.778 0.231 
Overall, the recent Innovations in RH system technologies were a strong positive influence on our 
household decision to install a RH system (6) 0.715 -0.046 
New tank designs (eg slimline, underfloor bags) were particularly influential in our decision to get a 
RH system (2) 0.670 -0.041 
Technological advances in household treatment and filtration systems make rainwater safer to use 
(5) 0.470 -0.206 
It’s hard to get reliable, good quality advice necessary to understand new rainwater tanks and 
products (1) 0.182 0.835 
RH system technologies aren't that much different now to when Councils wanted all tanks removed ® 
(4) -0.404 0.559 

 
 
TABLE C12b: Item loadings in the Technological Innovation construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 

 

New technologies like switching devices or top up systems are important for our household’s use of 
rainwater (3) 0.744 0.332 
Overall, the recent Innovations in RH system technologies were a strong positive influence on our 
household decision to install a RH system (6) 0.676 -0.229 
New tank designs (eg slimline, underfloor bags) were particularly influential in our decision to get a 
RH system (2) 0.583 -0.057 
Technological advances in household treatment and filtration systems make rainwater safer to use 
(5) 0.544 -0.019 
It’s hard to get reliable, good quality advice necessary to understand new rainwater tanks and 
products (1) 0.174 0.808 
RH system technologies aren't that much different now to when Councils wanted all tanks removed ® 
(4) -0.344 0.573 

 
 



TABLE C12c: Item loadings in the Technological Innovation construct subfactors – Nonadopter  
                      respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 

 

New tank designs (eg slimline, underfloor bags) were particularly influential in our decision to get a 
RH system (2) 0.873 -0.224 
New technologies like switching devices or top up systems are important for our household’s use of 
rainwater (3) 0.860 0.015 
Technological advances in household treatment and filtration systems make rainwater safer to use 
(5) 0.843 -0.219 
Overall, the recent Innovations in RH system technologies were a strong positive influence on our 
household decision to install a RH system (6) 0.724 0.137 
It’s hard to get reliable, good quality advice necessary to understand new rainwater tanks and 
products (1) -0.015 0.835 
RH system technologies aren't that much different now to when Councils wanted all tanks removed ® 
(4) -0.186 0.624 

 
 



Appendix C13: Visibility Construct Subfactor Loadings 
 
 
TABLE C13a: Item loadings in the Visibility construct subfactor – All respondents. 
 

All Respondents Factor 
Item 1 

 

We were motivated to get a tank because of all the others in our local area (4) 0.846 
We were motivated to get a tank because it seems everyone is getting them now (3) 0.836 
Overall, the Visibility of rainwater tank installations was a strong positive influence on our household 
decision to install a RH system (6) 0.718 
We noticed 'Rainwater-in-use' signs appearing before we installed our own tank (2) 0.614 
When we visit other households that use rainwater, they usually show us their tank or talk about their tank 
(5) 0.588 
If people see more households with rainwater tanks they will be more likely to get one too (1) 0.416 
 
 
TABLE C13b: Item loadings in the Visibility construct subfactor – Adopter respondents. 
 

Adopter Respondents Factor 
Item 1 

 

We were motivated to get a tank because of all the others in our local area (4) 0.834 
We were motivated to get a tank because it seems everyone is getting them now (3) 0.807 
Overall, the Visibility of rainwater tank installations was a strong positive influence on our household 
decision to install a RH system (6) 0.804 
When we visit other households that use rainwater, they usually show us their tank or talk about their tank 
(5) 0.659 
We noticed 'Rainwater-in-use' signs appearing before we installed our own tank (2) 0.547 
If people see more households with rainwater tanks they will be more likely to get one too (1) 0.313 
 
 
TABLE C13c: Item loadings in the Visibility construct subfactor – Nonadopter respondents. 
 

Nonadopter Respondents Factor 
Item 1 

 

We were motivated to get a tank because it seems everyone is getting them now (3) 0.876 
We were motivated to get a tank because of all the others in our local area (4) 0.870 
We noticed 'Rainwater-in-use' signs appearing before we installed our own tank (2) 0.756 
If people see more households with rainwater tanks they will be more likely to get one too (1) 0.586 
Overall, the Visibility of rainwater tank installations was a strong positive influence on our household 
decision to install a RH system (6) 0.529 
When we visit other households that use rainwater, they usually show us their tank or talk about their tank 
(5) 0.450 

 



Appendix C14: Voluntariness Construct Subfactor Loadings 
 
 
TABLE C14a: Item loadings in the Voluntariness construct subfactors – All respondents. 
 

All Respondents Subfactors 
Item 1 2 

 

A sense of Voluntariness was a strong positive influence on our household decision to install a RH 
system. (4) 0.745 0.127 
Only households that have voluntarily installed a RH system can be trusted to use and maintain them 
properly (3) 0.709 0.247 
Even if it is not ‘technically compulsory’, this household still felt pressured to get a rainwater tank (eg 
socially) (1) 0.659 -0.278 
Individual households, not government, should have the final say about whether they install a tank or 
not (2) 0.075 0.935 

 
 
TABLE C14b: Item loadings in the Voluntariness construct subfactors – Adopter respondents. 
 

Adopter Respondents Subfactors 
Item 1 2 

 

A sense of Voluntariness was a strong positive influence on our household decision to install a RH 
system. (4) 0.757 0.179 
Even if it is not ‘technically compulsory’, this household still felt pressured to get a rainwater tank (eg 
socially) (1) 0.730 -0.224 
Only households that have voluntarily installed a RH system can be trusted to use and maintain them 
properly (3) 0.516 0.489 
Individual households, not government, should have the final say about whether they install a tank or 
not (2) -0.068 0.878 

 
 
TABLE C14c: Item loadings in the Voluntariness construct subfactors – Nonadopter respondents. 
 

Nonadopter Respondents Subfactors 
Item 1 2 

 

Only households that have voluntarily installed a RH system can be trusted to use and maintain them 
properly (3) 0.845 -0.030 
A sense of Voluntariness was a strong positive influence on our household decision to install a RH 
system. (4) 0.760 0.170 
Even if it is not ‘technically compulsory’, this household still felt pressured to get a rainwater tank (eg 
socially) (1) 0.509 -0.609 
Individual households, not government, should have the final say about whether they install a tank or 
not (2) 0.282 0.797 
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