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Abstract: Globally, water resources management in urbanised areas is facing increased 
pressures and challenges. Pressures range from an increased demand for water supply and a 
decline in water quality due to ongoing population growth through to climate change impacts. To 
address these challenges cities and regions alike will need to adopt water sensitive strategies. 
The concept of urban metabolism has emerged in the last decades as a useful tool that can 
improve water resources management and planning as well as guide metropolitan growth. In 
particular, the application of the concept of urban metabolism associated with urban and water 
planning can aid in establishing water sensitive cities and regions.  
 
Australian metropolitan regions face the threats of climate extremes such as floods and droughts. 
Drawing on a conceptual framework based on urban metabolism, this paper presents a 
comparative analysis on how water resources planning and management is addressing these 
threats in three major Australian metropolitan regions: South East Queensland, Melbourne and 
Perth. The analysis focuses on existing plans, strategies and policies used to guide water 
resources and urban planning and management in the three regions. Findings are discussed 
around three major themes, including hydrological and environmental connections, future 
changes and uncertainties, and institutional arrangements and governance. The paper concludes 
by highlighting key insights that can inform how these threats can be better addressed through 
urban and water resources planning and management in Australia and elsewhere.  
 
1. Introduction 

 
Cities are not isolated entities, they exist within and ultimately depend on landscapes which 
extend far beyond their actual built edge and administrative boundaries. Water comprises a good 
example of the interconnectedness and dependence of urbanised areas on surrounding and other 
landscapes. Water is a critical resource without which urbanised areas would struggle to maintain 
the livelihood of their residents. Thus, water sensitive cities need to be understood in relation to 
their broader catchment and all the landscape types and their water-related needs that occur 
within that catchment. In particular, the notion of urban metabolism can aid this understanding as 
it is conducive to developing sustainable cities and communities (Kennedy et al., 2011; Pinho et 
al., 2012; González et al., 2013). 
 
The concept of metabolism applied to urbanised areas was first used by Wolman in 1965 and 
refers to the metabolic requirements for a city in terms of the materials and commodities needed 
to support the day-to-day activities of its residents and ensure residues generated from the 
residents’ daily activities are removed and disposed of without becoming a nuisance and hazard 
(cited in Fischer-Kowalski, 1998:70).  Interestingly, despite the relevance of the concept for 
urbanised areas, its application to the urban design and planning contexts has been a relatively 
new development (Kennedy et al., 2011; Chrysoulakis et al., 2013). 
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Although the concept of urban metabolism includes the understanding and analysis of how 
urbanised areas process energy, land, water and materials (Pinho et al., 2012), Wolman identified 
water to have the highest input into the system in terms of quantities needed to sustain urban and 
peri-urban residents’ daily activities (Fischer-Kowalski, 1998). Additionally, traditional urban 
water systems are considered unsustainable because they focus on providing high quality water 
for multiple uses, rely on energy intensive distribution networks and promote the establishment of 
impervious surfaces (Chrysoulakis et al., 2013).  
 
Pincetl et al. (2012) also emphasise the need for urban metabolism methods and models to be 
centred on more comprehensive frameworks that consider not only biophysical parameters but 
also parameters from social systems that influence urban metabolic processes. Under this 
systemic view of urban metabolism, planning for urbanised areas and / or cities would need to 
consider development limits couched on resources availability within their administrative 
boundaries to sustain residents’ livelihood and regional sustainability (Pincetl et al., 2012). 
Understanding how institutional arrangements and regulatory frameworks manage and influence 
water related matters thus comprises a key step in informing the development of comprehensive 
urban metabolism frameworks.  
 
To this end, this paper provides a first cut on the analysis of non-biophysical parameters that 
govern and shape urban metabolic processes. Focusing on the water component of the 
metabolism concept at the city-region scale, the paper presents a comparative analysis of the 
institutional, regulatory and policy context for three Australian case study regions: South East 
Queensland (SEQ) (Queensland), metropolitan Melbourne (Victoria) and metropolitan Perth 
(Western Australia). The paper is structured in two parts following this introduction. The first part 
describes the research approach, including the methodology used for the analysis along with the 
description of each case study region and key threats they face in relation to water matters due to 
climate change. The second part presents key findings elicited from each case study region and 
discusses the implications to water management for the planning sector from a comprehensive 
urban metabolism perspective. 
 
2. Research Approach  

 
Similar to other urbanised countries, the Australian landscape has been subjected to change in the 
last decades (Antrop, 2004). Such change brought two key transformations to the regional 
landscape:  the intensification of urbanisation in the urban footprint with more infill development, 
including the coastal area, and the change in the function of peri-urban areas from mostly 
agricultural to low-density residential developments (Low Choy et al., 2007). These changes 
came as a response to the pressure to accommodate population growth, leading, for example, to 
the establishment of developed areas nearby coastal areas, native vegetation and flood plains. 
This configuration of urbanised areas adds increased pressure on both the availability and quality 
of water resources that sustain regions.  
 
Climate science comprises an evolving field of knowledge that is marked by uncertainties, 
particularly when applied to smaller spatial scale (Reilly and Schimmelpfennig, 2000; Patt et al., 
2005). However, at the regional scale, overall climate change impacts in Australia include, but are 
not limited to, change in rainfall patterns, increase in average temperatures, drought and increase 
in the frequency and intensity of extreme weather events such as heatwaves (CSIRO, 2007; 
Hennessy et al., 2007). 
 
Given the changes expected in rainfall patterns, water resources are expected to be impacted by 
climate change particularly in terms of their availability to support socio-ecological systems. 
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Hence, adaptation to unavoidable climate change impacts need to be sought by water 
management practices to ensure there is capacity to deal with future changes (Nelson et al., 
2007). 
 
Typically, water resources management in Australia has been undertaken by a range of 
government and non-government agencies without being coordinated and/ or integrated to 
address the total water cycle (National Water Commission, 2013). For example, it is not rare to 
find government agencies working separately and independently to manage water supply and 
distribution, wastewater and stormwater.  More recently, there has been a paradigm shift in water 
management that attempts to integrate how water resources and its distribution for multiple uses 
are managed. Water is a finite resource and increasing population growth and environmental 
changes have intensified competition for both access and use of water (Liu et al., 2013). In 
particular, the concept of Integrated Water Resource Management (IWRM) emerged in the early 
1990s as a response to both the fragmentation in water management practices as well as the 
decline in water quality and quantity (Gain et al., 2013).  
 
Three case study areas have been selected as the subject for this paper: the South East Queensland 
(SEQ) region, the Melbourne Metropolitan Region and the Perth Metropolitan Region. Water 
management in these regions is performed under distinct jurisdictional and institutional 
arrangements therefore providing scope for comparing water planning against their statutory and 
non-statutory planning systems.  
 
Data was collected through a documentary search targeting online documents available through 
national, state and local governments’ websites, including planning policies, plans and strategies 
and secondary reports related to water resource management in the three states. An in-depth 
content analysis was subsequently performed through a coding system using NVivo software. 
Coding was guided by three themes shown in Table 1.  

 
Table 1. Themes used to guide documentary content analysis 

Themes Sub-themes 
Hydrological and environmental connections Ecosystem services 

Water quality 
Future changes and uncertainties  Extremes - floods and drought  

Future scenarios 
Climate change adaptation 

Institutional arrangements and governance Water management  
            Adaptive management 

Water usage  
Decentralised management 
Centralised management 

 
In total 96 documents were analysed, 34 for the SEQ region, 36 for the Melbourne region and 26 
for the Perth region. However, it is important to highlight that this analysis does not cover the 
review of all available plans and strategies but a selection of documents that can provide insights 
to water management at the city-region scale. Table 2 provides a list of analysed documents 
across the three regions.  
 
2.1 South East Queensland Region 

 
The SEQ region encompasses 11 local authorities, which covers an area of approximately 2.2 
million hectares and is home to approximately 4 million people (Department of Infrastructure and  
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Table 2. Analysed documents 
South East Queensland Melbourne  Perth 
1. DEHP 2010 Urban Stormwater 

Planning Guidelines 
1. BMT WBM 2013 Integrated Water 

Management Opportunities For 
Growth Areas 

1. DEC 2009 GSS Threatening 
Processes Groundwater System 

2. DEHP 2013 Healthy Water 
Management Plans Guideline 

2. Catchment and Land Protection Act 
1994 - Version 040 

2. DH 2010 Greywater Reuse Code of 
Practice 

3. DERM 2009 SEQ NRM Plan 2009-
31 

3. Citywest Water 2011 Permanent 
Water Saving Plan 

3. DoW 2004 Stormwater Management 
Manual 

4. DERM Understanding Water 
Resource Planning 

4. Design Flow 2013 Quiet Lakes Water 
Quality Management Plan 

4. DoW 2008 Local Water Management 
Strategy 

5. DEWS 2013 Bulk water supply code 5. DSE 2011 Draft Victorian Waterway 
Management Strategy 

5. DoW 2009 Decision Process 
Stormwater Management 

6. DEWS 2013 Discussion Paper Water 
Sector 30yr Strategy 

6. DSE 2011 Governance Guide to VIC 
Water Industry 

6. DoW 2009 Draft Perth Peel Regional 
Water Plan 2010-30 

7. DEWS 2013 Qld Urban Drainage 
Manual 

7. DSE 2011 Living Melbourne, Living 
Victoria Roadmap 

7. DoW 2009 Gnangara Groundwater 
Allocation Plan 

8. DEWS 2013 Water And Sewerage 
Code 

8. DSE 2012 Living Victoria 
Implementation Plan 

8. DoW 2009 GSS Regional Aquifer 
Modelling  

9. DSDIP 2013 Coastal Protection 
Regulatory Provision 

9. DTPLI 2013 Open Space Strategies  - 
PN70 

9. DoW 2009 Land and Water Planning 
Background Paper 

10. Healthy Waterways Strategic Plan 
2012-22 

10. DTPLI 2013 Plan Melbourne 2050 10. DoW 2009 Perth Peel Regional 
Water Plan Background 2010-30 

11. Qld Environmental Protection 
Water Policy 2009 

11. DTPLI 2013 Plan Melbourne 
Directions Initiatives and Actions 

11. DoW 2009 Perth Peel Regional 
Water Plan Discussion Paper 2010-
30 

12. Qld urban utilities Recycled Water 
Policy 

12. EPA VIC Better Bays Waterway 12. DoW 2009 Toward a Water 
Sensitive City 

13. Qld Urban Utilities Water Netserv 
Plan Part A 

13. GAA PSP Guidelines Notes 
Integrated Water Management 

13. DoW 2009 Urban Drainage 
Initiative Phase 2 

14. Qld Water Act 2000 14. Melbourne Docklands 2008 ESD 
Guide 

14. DoW 2010 Predicting Future 
Demand For Water 

15. Qld Water Efficiency Labelling 
Standards Act 

15. Melbourne Docklands waterways 
strategic plan 2009-18 

15. DoW 2012 Water Monitoring 
Guidelines 

16. Qld Water Regulation 2002 16. Melbourne Water 101 16. DoW 2013 Better Urban Water 
Management Guidance 

17. Qld Water Supply Regulator 2013 
Guidelines Water Supply And 
Sewage 

17. Melbourne Water 2007 Flood 
Management and Drainage Strategy 

17. DoW 2013 Controlling 
Groundwater Urban Development 

18. QWC 2010 SEQ Water Strategy 18. Melbourne Water 2007 Port Phillip 
and Westernport Regional River 
Health strategy 

18. DP 2010 Directions 2031 

19. QWC 2012 SEQ Water Strategy 
Annual Report 

19. Melbourne Water 2007 Principles 
for Waterway and Drainage 

19. DP 2010 Outer Metro Perth and 
Peel Sub-regional Strategy 

20. SEQ Healthy Waterways Strategy 
2007-2012 

20. Melbourne Water 2008 Flood Prone 
Areas Guidelines 

20. DP 2011 Central Metro Perth Sub-
regional Strategy 

21. SEQ Regional Plan 2009 - 2031 21. Melbourne Water 2011 
Understanding the Western Port 
Environment 

21. GHD 2008 Potential Use of 
Stormwater in Perth Region 

22. SEQHWS 2007-2012 Coastal Algal 
Blooms Action Plan 

22. Melbourne Water 2012 Draft 
Healthy Waterways Strategy  

22. Government of WA 2009 GSS 
Analysis of Public Submissions 

23. SEQWater 2012 Land and Water 
Development Guidelines 

23. Melbourne Water 2012 Draft 
Stormwater Strategy  

23. Government of WA 2009 GSS 
Draft Sustainability Strategy 

24. SEQWater Strategic Plan 2011 to 
2016 

24. Melbourne Water 2012 Draft 
Waterways Operating Charter 

24. WA 2006 SPP Water Resources 

25. Southern SEQ Distributor Retailer 
Authority Agreement 2011 

25. Melbourne Water 2012 Planning for 
SLR Guidelines 

25. Water Corporation 2009 Water 
Forever Toward Climate Resilience 

26. State Planning Policy 2013 26. Melbourne Water 2012 Strategic 
Direction 

26. Water Corporation 2011 Water 
Forever Whatever the Weather 

27. Sustainability Planning Act 2009 27. Melbourne Water 2013 Annual  
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Report 
28. Sustainable Planning Regulation 

2009 
28. Melbourne Water Integrated Water 

Future Melbourne North 
 

29. Water by Design 2010 Deemed to 
Comply Solutions SEQ V1.0 

29. Office of Living VIC 2012 Water 
Cycle Management Business Strategy 

 

30. Water by Design 2010 TWCM 
Planning Guideline SEQ 

30. Office of Living VIC 2013 
Melbourne's Water Future consultation 
paper 

 

31. Water Commonwealth Powers Act 
2008 

31. Office of Living VIC Melbourne's 
Water Future 

 

32. Water Resource Moreton Plan 2007 32. South East Water 2011 Permanent 
Water Saving Plan 

 

33. Water Supply Safety Reliability Act 
2008 

33. South East Water 2013 Draft Water 
Plan 

 

34. Water Transitional Regulation 2012 34. South East Water Corporate Plan 
2011-2016 

 

 35. Water Act 1989  

 36. Water Supply Demand Strategy 
Melbourne 2006-55 

 

 
Planning, 2009). In the past decade, growth management in SEQ has been guided by a statutory 
planning process set at the regional scale through a Regional Plan (Department of Infrastructure 
and Planning 2009). However, current state planning reforms are bringing significant changes to 
regional planning processes. In particular, there is a stronger focus on facilitating economic 
development. To support this view, a single State Planning Policy (SPP) has been recently 
introduced (Department of State Development and Infrastructure and Planning 2013). The SPP 
has provisions for managing a range of state interests including water quality and water 
infrastructure.  
 
The Intergovernmental Panel on Climate Change (IPCC) identifies the SEQ region as one of the 
‘hot spots’ in Australia to be affected by climate change due to on-going population growth and 
the location of urban development along its low-lying coastline and floodplains (Hennessy et al., 
2007). SEQ will be affected by changes in average rainfall and temperature, sea-level rise and an 
increase in extreme weather events (Walsh et al., 2002; Abbs et al., 2007; Suppiah et al., 2007).  
Key climate change related impacts to affect SEQ with implications for water resources include 
greater evaporation and decreased rainfall causing increased pressure on water supplies and 
increased coastal flooding and erosion due to sea-level rise and storm surges with subsequent 
damage to public infrastructure (Queensland Climate Change Centre of Excellence and 
Department of Environment and Resource Management, 2010). 
 
2.2 Melbourne Metropolitan Region  

 
The Melbourne Metropolitan region comprises 31 local authorities and it is home to more than 4 
million people. Regional planning in the Melbourne region is guided by the Plan Melbourne 
which divides the region in five subregions: western, northern, eastern, southern and central. The 
Plan has as one of its directions, Environment and Water, an interest in protecting and improving 
planning for the region’s natural assets, water, energy and waste to create a sustainable city. A 
Metropolitan Planning Authority has been created to oversee the implementation of the Plan 
(Department of Transport and Planning & Local Infrastructure, 2013).   
 
Since 1950, the Melbourne region has seen an increase in annual average temperatures along with 
a rise in sea levels, a decline in precipitation and increase in drought frequency and intensity. 
Climate change impacts expected to affect the Melbourne Metropolitan region include more 
frequent coastal inundation and associated impacts such as coastal erosion affecting public 
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infrastructure, increased risks of flood events, more frequent heat wave events and longer periods 
of drought (Department of Sustainability and Environment 2008; Hennessy et al., 2008, Kinrade 
and Preston, 2008). 
 
2.3 Perth Metropolitan Region 

 
The Perth Metropolitan region is divided in two major subregions: a central and an outer region. 
The central subregion comprises 19 local authorities, including the City of Perth, and the outer 
region encompasses 14 local authorities. These subregions are home to more than 1.6 million 
people (Western Australian Planning Commission, 2010a; Western Australian Planning 
Commission, 2010b). Planning in the Perth Metropolitan region is guided by a strategic direction, 
Directions 2013 that sets out a spatial framework and strategic plan to manage future growth. The 
strategic direction in turn guides both subregional strategies for the metropolitan Perth subregion. 
(Western Australia Planning Commission, 2009) 
 
Climate change is expected to increase mean temperature and decrease in annual average rainfall 
in the Perth Metropolitan region (Department of Water, 2009; Turner et al., 2011). Climate 
change is also expected to reduce the availability of surface water contributing to water supply 
schemes (Department of Water 2009). Western Australia is already experiencing and is expected 
to see an increase in the frequency of heatwaves and decline in average rainfall leading to more 
frequent and severe drought events (Hennessy et al., 2008). 

 
3. Results 
 
Themes discussed in this section are listed in Table 1. Results for each theme are presented in the 
following sequence: SEQ region, Melbourne Metropolitan region and Perth Metropolitan region. 
 
3.1. Hydrological and environmental connections 
 
References to hydrological and environmental connections were registered in 9 out of the 34 
documents for the SEQ region. These include connections associated with water pollution as well 
as large infrastructure projects. For example, the QLD Urban Drainage manual makes reference 
to the impact of land use types on hydrological regimes. References to the concept of ecosystem 
services were found in five of the documents. In particular, the SEQ NRM Plan outlines a clear 
framework to apply the concept of ecosystem services to natural resources management in the 
region. The State Planning Policy recognises the need to consider the role of ecosystem services 
in planning decisions.  
 
In terms of water quality, documents acknowledge the role stormwater plays in affecting water 
quality in urbanised areas.  These include references associated with population growth and land 
use types that may lead to a decline in water quality. For example, the Urban Stormwater 
Planning Guideline highlights that: 
 

“Poor urban stormwater quality contributes to significant water quality decline within our 
waterways. Sustained high urban population growth rates in Queensland have led to increasing 
impacts from urban stormwater. Without improved management, urban development is likely 
to lead to increased stormwater pollutant loads of sediment, nitrogen and phosphorus.” (p. 20) 

 
Less than a third of the analysed documents for the Melbourne metropolitan region make 
references to hydrological and environmental connections. These references relate to connections 
between stormwater and water quality, alteration of hydrological regimes due to urban 
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development, linking water quality of Port Phillip Bay with land uses along catchments and 
traditional stormwater system designs focused on transporting water only. The concept of 
ecosystems services is used by less than a third of the documents. Ecosystems services are often 
associated with their role in sustaining the liveability of the region’s residents particularly in 
terms of the region’s inland and coastal water bodies. Threats to these services are also identified 
by documents. For example, the Melbourne Water 101 highlights the potential impacts on 
ecosystems services from growth and development as well as climate change: 
 

“Melbourne’s liveability is highly dependent on the natural resources and ecosystem services 
of our region. The regional environment is under great pressure from population growth, 
urbanisation and climate change. This pressure has driven the emergence of integrated water 
management with growing demand for greater diversity of products and services.” (p. 13) 

 
References to water quality were registered in almost half the documents. These include 
references to decline in water quality due to pollution across waterways in the region, calls for 
integrated water management practices to reduce impact on water quality in urbanised areas, 
including management of stormwater and upper catchment land uses. In particular, the 
Melbourne’s Water Future Consultation paper makes references to past planning approaches to 
stormwater management that contributed to degrade water quality. 
 
References to hydrological and environmental connections were registered in less than a third of 
the documents for the Perth Metropolitan region. Observed references acknowledge the 
relationship between land uses and hydrological balance; existence of groundwater-dependent 
systems; impact of hydrological changes on the region’s wetlands; and role of integrated water 
management practices in reducing water balance problems by taking into consideration the 
region’s hydrological regimes, including groundwater and surface water catchments. Given the 
hydrogeological characteristics of the region, references to the role of groundwater systems in 
supporting the region’s ecosystems and human population are frequent among the documents, 
particularly the Gnangara groundwater system. Specifically, the Perth-Peel Regional Water Plan 
Discussion Paper outlines the need to protect this system and its water quality due to its high 
water supply value for the region:  
 

“Drinking water source protection has had a dramatic impact on land-use patterns in the 
region. The urban corridor concept, in large part, reflects a desire to protect the high water-
supply values of the Gnangara and Jandakot mounds from incompatible land uses.” (p. 48) 

 
Documents also make references to the need to improve stormwater management to reduce its 
impact on the water quality of the region’s waterways and wetlands. Decline in water quality 
across the region has been attributed to large modifications to surface water hydrology due to 
agricultural and urban development as well as inadequate stormwater management practices that 
do not consider interactions between surface flows, groundwater hydrology and bio-physical 
characteristics of waterways. Only two documents make references to the concept of ecosystem 
services. These include references to the ecosystem services provided by the region’s wetlands, 
including flood control and improving water quality. 
 
3.2 Future changes and uncertainties 
 
Few documents make specific references to future changes and uncertainties for the SEQ region.  
These include references to uncertainties related to stormwater modelling matters, funding of 
utility services, climatic risks to water security and water demands.  While most of the documents 
simply mention the uncertainties, the TWCM Planning Guideline for SEQ articulates in more 
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detail on how uncertainties need to be incorporated in water resource management as a proactive 
rather than reactive approach: 
 

“Further, little of the knowledge that is brought to the decision table is entirely certain. 
Uncertainties can be intrinsic (the result of randomness), epistemic (limited by the amount of 
available data or our limited knowledge of a particular process), or the result of something that 
has not yet been thought of (Donald Rumsfeld’s ‘unknown unknowns’). Understanding 
uncertainty is a necessary part of risk management and therefore must be considered in the 
decision making process. Tracking uncertainty through the decision making process is 
essential to ensure informed and confident decision are made.” (p. 41) 

 
In terms of weather extremes leading to floods or droughts specific references were found in less 
than a third of the documents. References are related to how management approaches need to 
consider the risk of extreme drought and/ or flood events. The use of future scenarios to guide 
water resource management is outlined also by less than a third of documents. These include 
scenarios focused on future climatic changes, urban development and market trends, population 
growth and future water demand. Most of the references to climate change were related to its 
impacts rather than adaptation. In particular, documents refer to the need to take into 
consideration climate change impacts on water infrastructure such as stormwater and water 
supply systems.  
 
Less than a third of the analysed documents make references to future changes and uncertainties 
impacting the water sector for the Melbourne region. References include uncertainties related to 
future economic structure, planning regimes, institutional arrangements, location and intensity of 
population growth and urban development, climate change impacts, efficacy of management 
practices to secure water quality, and scientific uncertainty to guide management and planning 
decisions. However, documents such as the Melbourne’s Water Future Consultation paper clearly 
articulate how decision-making should incorporate unavoidable uncertainties. Additionally, many 
documents make references to the concept of risk in association with future changes and 
uncertainties. For example, the Living Victoria Implementation Plan highlights the incorporation 
of risk and uncertainty in long-term planning involving water resources and the need to account 
for a number of possible futures. 
 
In relation to extreme weather events leading to floods and droughts references were found in 
nearly half of the documents. References relate to past impacts on water supplies and demand 
caused by droughts and also more recent bushfires. This type of reference is exemplified by the 
Living Melbourne Living Victoria Roadmap: 
 

“For more than a decade, Melbourne experienced a prolonged period of drought. More 
recently, there were significant weather related events, especially bushfires and floods, which 
affected water availability and demand.” (p. 6) 

 
Documents such as the Melbourne Water Annual Report also acknowledge that extreme events 
such as floods cannot be controlled and therefore water planning and management must take 
flood risks into account. In parallel, documents also recognise the ability the population has to 
deal with periods of weather extremes affecting water supplies such as the recent drought by 
adjusting behaviours to lower levels of water consumption.  However, the Melbourne’s Water 
Future consultation paper also supports diverting investments to large-scale water infrastructure. 
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Less than a third of the documents make references to the use of future scenarios applied to water 
planning and management. Scenarios are usually related to future climatic changes, population 
growth as well as future water demand patterns.  
 
Comparatively, the majority of documents make reference to climate change and how it is likely 
to impact on water resources, including water availability and ecosystems health. Some 
documents such as the Living Victoria Living Melbourne Roadmap stress the link between 
climate mitigation and adaptation by coupling water and energy consumption. Few documents 
make direct reference to climate change adaptation specifically. However, documents often refer 
to existing overarching climate change adaptation plans in which adaptation options are yet to be 
fully unpacked as observed in the Melbourne Water Draft Waterways Operating Charter. 
 
Half of the documents make references to future changes and uncertainties for the Perth region. 
References are related to climate variability affecting water supply, including both surface and 
ground water systems; future land use activities and impact on stormwater; future maintenance 
costs of water infrastructure; effectiveness of non-structural best management practices; 
population growth; implementation of non-traditional sources of water supply such as stormwater 
harvesting; and impact of combined pressures on water supplies such as population growth and 
climate change. These uncertainties are expected to bring critical challenges as to how the region 
will achieve long-term sustainability of water resources as identified by the Draft Perth and Peel 
Region Water Plan. 
 
Some documents also make reference to issues related to floods and droughts. These include 
references to the need to change the way stormwater systems are traditionally planned to exceed 
flood protection and also consider multiple objectives such as its harvesting potential to boost 
water supply in the region.  Additionally, drought responses are seen as a learning opportunity for 
the community to adapt to reduced availability of water resources in the region without 
compromising their quality of life.  
 
More than half of the documents make reference to the use of future scenarios to guide water 
planning and management in the region. These include scenarios related to climate change, land 
use and water management, water demand and usage, combined land use and climate change, and 
population growth and water usage.  In particular, Directions 2031 makes specific reference to the 
use of scenario planning in guiding urban growth management in the region: 
 

“Scenario planning provides a systematic approach to urban growth management and an 
opportunity to take stock of current conditions and identify the drivers that may operate in the 
future. Rather than providing a prescriptive outcome, the scenario method makes assumptions 
about likely future conditions to predict alternative outcomes.” (p. 10) 

 
The impact of climate change on water resources in the region is mentioned by most of the 
documents, particularly in terms of water availability and reduced groundwater recharge due to 
lower rainfall averages. Specific references to climate change adaptation are less frequent with 
only three documents highlighting the need for the region to adapt to future impacts on water 
resources. In particular, the action plan outlined by the Water Forever Toward Climate Resilience 
is cited as being the main adaptation tool to climate change in the region.  
 
3.3 Institutional arrangements and governance 
 
Issues related to institutional arrangements and governance are mentioned by a third of the 
documents for the SEQ region. These include limited flexibility of regulatory frameworks to 
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support localised solutions, lack of coordination to implement plans, deficient engagement of 
stakeholders in decision-making and management of water resources, and absent whole-of-
community and whole-of-government management approaches. A small number of documents 
make reference to adaptive management approaches to manage water resources. In particular, the 
TWCM Planning Guideline for SEQ outlines the role and link between adaptive management and 
climate change as well as its capacity to deal with uncertainties. 
 
Water resources management considerations related to water usage were found in half of the 
documents. These considerations range from finding alternative sources of water supply to 
sustain increasing demand, acknowledging the link between water usage and energy conservation 
and the direct relationship between increased demand and sewage flow through to optimising 
water usage in accordance to existing water sources/ availability.  Other considerations highlight 
the need for decision-making involving water usage and demand to be integrated with other 
aspects of the water cycle. Documents also identify the need to promote efficient water usage as 
opposed to increase infrastructure provision to meet greater demands and outline the 
responsibilities of local governments in managing water resources.   
 
References to issues related to centralised and decentralised systems are less common among 
documents. Future studies on the feasibility and efficiency of decentralised systems for the SEQ 
region are being carried out at present.  
 
References to issues related to institutional arrangements and governance for water resources 
were registered in only seven of the analysed documents for the Melbourne region.  These include 
references to impediments to establishing a clear decision-making framework in light of the 
planning complexity and competing objectives among agencies; need for better integration 
between policy-making, regulation and services delivery; lack of effective vertical and horizontal 
coordination involving the agencies that have control over water resources; limited inclusion of 
community needs and representation in decisions; lack of clarification of roles and 
responsibilities; better alignment of incentives across scales; undated and superseded 
arrangements that do not reflect current circumstances; and lack of designated regional authorities 
to manage water resources at broader scales. Overall, references reflect the fragmented way in 
which water resources are currently managed and planned in the region.  
 
Less than a third of the documents outline the adoption of adaptive management frameworks. 
Documents that do make a reference to adaptive management focus on the advantages of this 
approach, including better use of available information, consideration of risks and uncertainties, 
evaluation of current management actions and response to extreme weather events such as 
bushfires. Only two documents make reference to water management practices regarding water 
usage. These include references to reducing the use of drinking water for other purposes such as 
outdoor irrigation and toilet flushing and voluntary adoption of water restriction measures in 
times of drought.  
 
References discussing issues related to centralised and decentralised systems involving water 
resources were found in less than a third of the documents. Most of these documents criticise the 
current centralised model claiming it is expensive to be maintained and inefficient given the 
current urbanised characteristics of the region. An example of this criticism is provided by the 
Melbourne’s Water Future Consultation paper: 
 

“The current management model was set up in a different era and is centralised and expensive. 
While this approach suited earlier circumstances, it is no longer economically sustainable. It 
relies on transporting water long distances, at great cost, rather than using or reusing water 
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available locally. It lacks transparency for consumers and taxpayers because minimal 
information is provided and costs are hidden. It provides very limited scope for competition 
and regional differences, and suffers from a range of other inefficiencies.” (p. 20) 

 
Arguments in favour of more decentralised systems are often based on economic savings as well 
as alternatives that provide opportunities for more localised solutions. For example, the Living 
Victoria Implementation Plan clearly identifies the disadvantages of large centralised systems in 
coping with future changes and uncertainties as water infrastructure ages. Documents also make 
references to the need for planning frameworks that consider diversification and promotes both 
options centralised and decentralised systems as the preferred model to manage water resources, 
including stormwater, water supply and wastewater.  
 
Less than half of the analysed documents make references to issues related to institutional 
arrangements and governance involving water resources management for the Perth region. 
Identified issues include lack of integration between government agencies, lack of transparency in 
water resources management, need for policy frameworks that facilitate the integration of 
stormwater, wastewater and drinking water supply with land use planning, and lack of 
cooperation between state, federal and local government levels. Documents also outline the 
existing fragmentation of institutional arrangements related to stormwater management, including 
its contribution to the decline in the health of estuarine systems. 
 
References to adaptive management were found in four documents only. These references 
emphasise the capacity of adaptive management approaches have in incorporating new science 
and knowledge to deliver better management actions. Similarly, a small number of documents 
make references to institutional arrangements for water usage.  These include measures to 
increase water usage efficiency, particularly in relation to groundwater and water uses in the 
agricultural sector. The Analysis of Public Submissions to the Gnangara Sustainability Strategy 
also raises the political influence the management of water demand faces in the region given the 
existing interests of current water business that benefit from larger water consumption. 
 
A limited number of documents make references to centralised and decentralised water 
management approaches. In particular, decentralised systems are understood to result in cost 
savings, improve water usage efficiency and provide better environmental outcomes given their 
potential for more localised solutions. 
 
4. Discussion 

 
As argued by Edelenbos and Teisman (2013) the capacity of water governance systems is being 
challenged by the decline in water quality due to pollution, reduced water supplies and water 
surplus leading to floods. Traditional water management systems have also been identified to be 
ill equipped to deal with future challenges (Brown et al., 2009). Moreover, water resources 
management is influenced by a range of stakeholders’ interests, including political and economic 
interests (Edelenbos and Teisman, 2013) as well as institutional barriers (Brown et al., 2009) that 
can impede the implementation of more holistic management approaches. In particular, as 
outlined earlier in this paper water resources management in Australia has been undertaken by a 
range of government and non-government agencies without being coordinated and/ or integrated 
to address the total water cycle (National Water Commission, 2013). This fragmentation in water 
resources management has continued to occur despite the paradigm shift established by IWRM 
approaches which advocates better integration between the different issues involving water 
resources, including water sources, land management and environmental protection (Gain et al., 
2013).  
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Unfortunately, the findings presented in the previous section of this paper confirm that water 
resources management in the three regions is indeed fragmented. In particular, documents at all 
levels outlined the need for better vertical and horizontal integration and cooperation to 
effectively manage and plan for water resources. Additionally, the adoption of adaptive 
management cycles is understood to be one of the determinants of adaptive capacity as it enables 
learning from crisis as well as dealing with uncertainty and change (Gain et al., 2013). However, 
while adaptive management was mentioned at all levels, effective implementation of adaptive 
management approaches involving water resources is not evident in any of the regions.  
 
Considering that water is a finite resource, water resources management and planning also need 
to consider future challenges such as population growth and environmental changes (Liu et al., 
2013). These future challenges were frequently recognised by documents from all levels. 
Documents also highlighted uncertainties associated with institutional aspects confirming that 
water resources management is underpinned by a variety of interests and values that can change 
over time (Cook and Spray, 2012; Edelenbos and Teisman, 2013). Nevertheless, the use of future 
scenarios applied to water resources planning and management was more evident in only two of 
the regions, SEQ and Perth. Furthermore, while the impact of climate change on water resources 
was widely acknowledged across all levels, there were very few specific references to climate 
change adaptation and what adaptation would entail. These examples might indicate that there is 
a need to improve institutional capacity to deal with and integrate future changes and 
uncertainties in water resources management and planning in the three regions.  
 
Under a more holistic approach, water resources management and planning also need to consider 
broader hydrological and environmental connections as there is a direct interdependent 
relationship between water resources supporting cities and their surrounding region.  With the 
exception of SEQ region, hydrological and environmental connections were often identified 
amongst analysed documents. These included connections involving both surface and 
groundwater (particularly in the Perth region) and the relationship between stormwater 
management practices and water quality objectives. However, references to the need for water 
planning to consider broader regional and landscape scales were rare among documents at all 
levels.  Concerns related to the need to secure water quality were commonly identified across the 
regions, particularly in terms of the impact of urbanised areas on the quality of waterways and 
water supplies.  Nevertheless, with the exception of the Melbourne Metropolitan region, there 
was little evidence of the application of the concept of ecosystem services in existing water 
resources management and planning. Moreover, scholars (De Groot et al., 2010) have indicated 
that broader uptake of ecosystem services in planning requires frameworks with well developed 
measurements and reporting practices and standards focused on ecological socio-cultural and 
economic values that can be tested and shared among practitioners. Additionally, the study on the 
incorporation of the concept of ecosystem services by MRM managers in Australia undertaken by 
Plant and Ryan (2013) found that broader uptake of the concept also requires clear policy drivers 
at multiple scales.  
 
As outlined by Brown et al. (2009), integrated approaches to water resources management 
comprise diversity in terms of potential water sources. In particular, the authors   emphasise that 
this variety of options would configure more resilience to water supply systems. However, the 
findings indicate that there is limited discussion involving institutional arrangements and 
governance related to water usage as well as centralised and decentralised water systems. 
Securing water resources requires a critical integration between water resources management and 
land use planning, particularly to ensure water quality and availability is not compromised by 
incompatible land uses and development (Plummer et al., 2011). Calls for better integration 
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between water and urban planning to maximise the potential of land use planning in aiding the 
management of water resources, particularly drinking water, sewage and stormwater were 
common among documents from the Melbourne and Perth Metropolitan regions.   
 
5. Conclusion 
 
Water resources management in Australia and elsewhere is increasingly being challenged by 
ongoing pressures and threats posed by declining water quality and uncertainty in terms of water 
availability and future demands in urban, peri-urban and rural areas. Hence, a concerted 
governance effort is imperative to guide and deliver more sustainable uses and management of 
water resources.  The concept of urban metabolism could aid in achieving more sustainable 
practices associated with water resources as it focuses on achieving realistic water balances that 
take into consideration not only the availability of water resources to support our city-regions but 
also how they should be used more sustainably.  
   
The findings revealed that the three regions have concerns related to the need to secure water 
quality, particularly in terms of the impact of urbanised areas on the quality of waterways and 
water supplies.  While this indicates an understanding of how hydrological and environmental 
connections may determine the availability of water resources, there have been limited actions to 
deal with uncertainties and future changes affecting and to affect water resources, including 
climate change adaptation an, to a lesser extent, population growth. Nevertheless, when 
uncertainties are accounted for there is a stronger focus on concentrating efforts in guaranteeing 
water supply to populations rather than the pursue of more sustainable practices in using water 
resources.  
 
Documents at all levels outlined the need for better vertical and horizontal integration and 
cooperation to manage and plan for water resources. While adaptive management was mentioned 
at all levels, the implementation of adaptive management approaches involving water resources 
was not evident. More importantly, there were clear messages pointing to the need to overcome 
disconnection between urban planning and design and water resources management.  
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