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ABSTRACT 

Sustainable development of floodplains is closely linked to sustainable flood mitigation 

measures. Various sustainability assessment (SA) methods to evaluate the influence of 

policies, plans or projects aimed towards sustainable development have been emerging in 

recent years. However, most of them are at the national or regional level. Very few 

research studies have been carried out for sustainability assessment of flood mitigation 

projects. This study proposes a new innovative decision support framework for 

sustainability assessment (SA) of flood mitigation projects throughout the project life 

cycle, focusing on two main aspects: sustainable flood mitigation by the project, and 

enabling of sustainable development of the floodplain. This study has employed a review 

of the life cycle of flood mitigation projects, a review of sustainability assessment 

methodologies, consultations with experts and case studies involving two flood 

mitigation projects in Queensland, Australia. Conforming to the project life cycle, the 

decision support framework for sustainability assessment of flood mitigation projects is 

developed incorporating five stages: 1) contextualizing the project with regard to 

floodplain sustainability, 2) SA during planning and implementation for integrating 

sustainability issues in the project, 3) SA during a flood event to assess the sustainability 

performance of the project 4) SA at periodic intervals, and 5) SA at the stage of 

modification or changing to a new project. The framework has adopted a multi-criteria 

analysis (MCA) approach using sustainability criteria and indicators to determine the 

sustainability index for the project.  

The process of selecting indicators, defining the weightages and scores for indicators, and 

determining a sustainability index for various stages of the project has been described in 

this thesis. The application of the SA framework to the first two stages of the two case 

study flood levee projects demonstrates how the best suitable alternative levee option can 

be chosen in the planning stage by determining a sustainability index (SI) of the possible 

alternatives using a set of sustainability indicators. The study also shows achievement 

towards sustainability of the finally implemented project can be compared with the 

originally planned project using the SA framework. The application of the SA framework 

suggests the potential for better decision making for individual flood mitigation projects, 

taking into account the sustainable outcomes of the project as well as linking these to 

sustainable regional development. The outcome of this study will enhance decision 

making for sustainability of flood mitigation projects. Adapting the framework to projects 

in other development sectors is also envisaged. 
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CHAPTER 1: INTRODUCTION 

 

1.1 BACKGROUND 

Natural disasters like floods are hindering socio-economic development all over the 

world. Future climate change may exacerbate the effects further (Guha-Sapir et al., 2004, 

IFRC, 2003). Several measures are applied in many places in line with disaster 

management approaches, i.e. “prevention-preparedness-response-rehabilitation” 

(Kreimer & Arnold (eds.), 2000; Wisner & Adams (eds.), 2002). However, despite the 

high investment, many flood risk reduction measures failed to achieve the desired risk 

reduction goals due to a lack of proper planning, which leads to a country falling into a 

debt crisis rather than making a recovery. These cases are prominent in developing 

countries where most flood risk reduction projects (e.g. flood control embankments), 

assisted by donors, are initiated on an ad-hoc basis after major disaster events (Wisner, 

2001; DFID, 2005; Schipper & Pelling, 2006). These have even created new risks through 

facilitating development in flood prone areas (Pelling et al., 2002; Wamsler, 2004; 

O'Brien et al., 2006). Unplanned development in floodplains has further aggravated 

flooding problems, environmental and socio-economic degradation, and the inefficiency 

of flood management measures (FEMA, 1994; DEFRA, 2007a; QRA, 2012; AAGD, 

2013). Therefore, effective planning and implementation of sustainable flood risk 

reduction measures is essential to ensure the sustainable development of floodplains.  

National sustainable development strategies, regional land use plans and floodplain 

management plans emphasise the need for ensuring sustainability in environmental, 

social and economic concerns in a region or country. The sustainable development 

objectives of those policies and plans are usually attained through implementing different 

individual projects in various sectors, including flood control projects. Therefore, success 

in achieving sustainable development objectives will depend on how well the 

sustainability objectives are integrated into the planning, design and implementation of 

such projects (Varey, 2004; Ugwu et al., 2006a; DEFRA, 2007a). A review of 

conventional project planning and implementation practices reveals that flood control 

projects are the most familiar examples of where sustainability issues are prominently 

visible but not properly addressed in the project planning and implementation process 

(Environment Agency, 2010; Sayers et al., 2013; DNRM, 2014a,b). Current planning 

processes for flood control projects consider a feasibility study with multiples options in 
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various flood scenarios, designing and implementing the selected option, and monitoring 

this over the project period. Environmental, social and economic concerns in the project 

area are taken into account in the feasibility study and in selecting the best option, and, in 

some cases, management measures are taken to reduce negative impacts (DoWR, 2009; 

Environment Agency, 2010; BWDB, 2014; DNRM, 2014a,b). Nevertheless, there is no 

mechanism in the project planning and implementation process to assess the potential of 

sustained flood risk reduction by the flood control project as well as its significant 

contribution to sustainable development of the floodplain. This research was intended to 

develop a decision support framework for sustainability assessment of flood mitigation 

projects that will assist planners as a decision making tool for ensuring the sustainability 

of flood mitigation projects. A better understanding of the potential for sustainable flood 

risk reduction through such flood control projects, considering present and future 

scenarios, will facilitate enhanced decision making for long term investment and flood 

resilient sustainable development.  

 

1.2 PROBLEM STATEMENT 

The sustainable development of floodplains is one of the crucial development concerns 

around the world. Theoretically, sustainable development can be seen as a process of 

positive biophysical and socio-economic change or creating wealth (capital) that meets 

the needs of the present generation and can be continued indefinitely without diminishing 

the natural systems upon which it depends or excluding the range of opportunities 

available to future generations. This is a continuous adaptation process to evolving 

environmental, economic, and social systems (Sadler et al., 2008; Sadler, 2010).  

Floodplain development and community resilience to flood risk can be improved through 

regulating land use and implementing adaptive flood mitigation measures in view of 

present and future scenarios of climate change impacts and socio-economic development 

(Dingman & Platt, 1977; López-Marrero & Tschakert, 2011; Schelfaut et al., 2011). 

Sustainable development in floodplains largely depends on the way flood risks are 

managed because the flood risk reduction measures, mainly the structural flood mitigation 

projects (e.g. levees), affect the flood plain ecosystems and livelihoods of the people 

living in the floodplains. 

The current planning and implementation processes of flood mitigation projects generally 

emphasise the mitigation structures only and often considers some environmental and 
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socio-economic aspects when selecting the most suitable design. Monitoring of the flood 

mitigation structures alone is usually continued over the years, without looking into other 

environmental and socio-economic aspects of the project area. Long term environmental, 

social, and economic aspects related to sustainable development in the project area and 

region are not adequately addressed in the planning process (Environment Agency, 2010; 

BWDB, 2014; DNRM, 2014a,b).  

Most literature has proposed different approaches for assessing the sustainable 

development of a region or country, with few aiming to assess individual projects at the 

planning stage in order to choose an option with less negative environmental and societal 

impacts (Edjossan-Sossou et al., 2014; Dalal-Clayton & Sadler, 2014; Uehara et al., 

2016). Some approaches have focused on the integration of sustainable development 

principles and climate change adaptation into planning and implementation of flood 

mitigation projects (Swart et al., 2014; Huthoff et al., 2016). While this is a step in the 

right direction, in that it looks forward to future environmental aspects, further kinds of 

focuses on the future are required. It is imperative to assess whether the flood mitigation 

projects are providing sustainable outcomes throughout their project life, not only during 

the planning and implementation stage. Hence, a systematic approach is required to 

evaluate the potential of sustained flood risk reduction by the flood mitigation project as 

well as to determine the project’s influence on the sustainable development of the 

floodplain in every stage of the project life cycle (DEFRA, 2007a). 

  

1.3 AIM AND OBJECTIVES OF THE RESEARCH 

The primary aim of the study is to develop a decision support framework for sustainability 

assessment of flood mitigation projects considering present and future scenarios.  

The specific objectives are:  

 To review the current planning and implementation process for flood mitigation 

projects 

 To identify socio-economic and environmental elements related to the flood risk 

and sustainability issues of flood mitigation projects and their linkage to the 

sustainable development of floodplains 

 To determine the long term variability of flood risk in flood mitigation project 

areas under different scenarios 
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 To develop a decision support framework for assessing the sustainability of flood 

mitigation projects 

 To evaluate flood mitigation projects using the decision support framework. 

The proposed sustainability assessment framework and decision support system will be a 

useful decision making tool for ensuring sustainability of the flood mitigation projects 

throughout their lives and for ensuring flood resilient sustainable development in 

floodplains. 

 

1.4 MAJOR TASKS AND OUTCOME OF THE RESEARCH 

The major tasks undertaken in this research include review of the literature, case study of 

two flood mitigation projects, interview of experts for defining sustainability indicators, 

development of decision support framework for sustainability assessment, and 

application of the framework to two case study projects. At the beginning, the literature 

on sustainability assessment methodologies applied in different sectors as well as current 

planning process and life cycle of flood mitigation projects were reviewed to identify the 

gap and scope of the research. Then, the research objectives and methodology were 

defined.  Two case study projects such as ‘Dale Street flood mitigation project’ and 

‘Narda Lagoon levee project’ were selected from the regional councils of Queensland, 

Australia. The information on the major components of the case study projects, planning 

and implementation documents of the projects were collected. Based on the literature and 

the case study projects, a preliminary decision support framework for sustainability 

assessment of flood mitigation projects and the list of sustainability indicators were 

developed. Then, a survey was carried out with a structured questionnaire to obtain 

expert’s opinion on the sustainability indicators. Consultation with the experts was also 

conducted to receive opinions on the decision support framework. With the experts’ 

opinion, the decision support framework and the sustainability indicators were finalized. 

Finally, the decision support framework has been applied for sustainability assessment of 

the two case study flood mitigation projects. The flowchart showing major tasks of the 

research is given in chapter three. 

The main outcomes of this research are the development of an innovative decision support 

framework for sustainability assessment of flood mitigation projects, defining 

sustainability indicators, and process for applying the decision support framework. The 
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details of the framework and application methods have been presented in chapter four of 

this thesis. Application of the decision support framework for sustainability assessment 

of two case study flood mitigation projects has been demonstrated in this research as well. 

 

1.5 SIGNIFICANCE OF THE RESEARCH 

A variety of flood risk reduction measures has been implemented in floodplains. Mostly 

these are structural measures like flood control projects (levees and dams) which have a 

high impact on flood risk reduction as well as fostering urban development in the 

protected areas. Building a flood control project with a short term perspective which does 

not take into account the likelihood of unplanned development leads to an increased flood 

risk and other associated socio-economic risk after only a few years of implementation of 

such flood control projects. Therefore, achieving sustainable development in floodplains 

remains one of the key priorities for flood prone countries. Although floodplain 

development plans address some sustainability issues, these are not yet properly 

integrated into planning and implementation of the flood risk reduction measures, 

principally because flood mitigation encourages further settlement and development of 

floodplains, thus increasing and complicated the risks.  

This research will contribute to various scientific and professional domains of flood risk 

reduction measures, particularly in flood control projects. Firstly, the systematic 

understanding of the process of sustainability in flood risk reduction measures and its 

practical application will be enhanced through this research. Specifically, the research 

will find out how we can integrate sustainability issues related to floodplains into the 

planning and implementation of specific flood control projects. Secondly, the framework 

and tools developed by this research will help planners and policy makers to assess the 

sustainability of flood control projects and adapt them for sustainable development in the 

floodplain. In addition, the relationship between the present needs for flood risk reduction 

measures and the needs for future risk reductions will be established by this research, 

which will lead to developing suitable investment strategies for sustainable flood risk 

reduction measures. This may contribute in policy making for sustainable flood risk 

reduction initiatives. Further, the sustainability assessment framework developed by this 

research may also be applicable to other disaster risk reduction projects in the future. In 

the long term, the approach may be developed for multi-hazard risk management. 
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This research has particular importance in Australia, as increasingly flood events have 

posed threats to many parts of Australia in recent years and the government is looking for 

sustainable solutions. Other flood prone countries, especially developing countries like 

Bangladesh, would benefit from adopting a new approach for sustainable flood risk 

reduction using the limited resources available.  

 

1.6 ORGANISATION OF THE THESIS  

After providing the background, aim and objectives and significance of the research in 

chapter 1, the concept of sustainable development of floodplains, flood risk management 

processes, key features of flood control projects, sustainability issues in flood control 

projects, and theories and practices of sustainability assessment approaches are described 

in chapter 2. 

Chapter 3 presents the overall approach and methodology of the research. It describes the 

methodology design, selection of case study sites, process of identifying sustainability 

issues in flood control projects, the process of developing the sustainability assessment 

framework, and application of the framework to the case study projects. 

Chapter 4 describes the decision support framework for sustainability assessment of flood 

mitigation projects and implementation process of the framework. All the stages of the 

decision support framework are explained with the method of applying the assessment 

process in the flood mitigation projects. Generic mathematical expressions for calculation 

of sustainability index (SI) for the flood mitigation projects are also presented here. 

Chapter 5 describes the information about the two case study flood mitigation projects, 

analysis of potential flood risk reduction by the projects and stakeholder analysis of the 

projects. Major components of the ‘Narda Lagoon levee project’ and ‘Dale Street flood 

mitigation project’ and their implementation process throughout the lifecycle of the 

projects are described. Information on flood risk analysis in the project area and potential 

of reducing flood risks by the projects are presented as well. Along with the analysis of 

the stakeholders related to the projects, the policy and guidelines related the flood 

mitigation projects are briefly illustrated in this chapter.  

Chapter 6 presents the brief description of the sustainability indicators and the results of 

the application of the decision support framework for two case study flood mitigation 

projects. The sustainability indicators related to flood characteristics change, flood 
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damage reduction, environmental improvement, social affairs, economy, and policy and 

institutions are presented in this chapter. The findings of the application of stage 1 and 2 

of the decision support framework to the ‘Dale Street flood mitigation project’ and ‘Narda 

Lagoon levee project’ are illustrated in section 6.3 and 5.4 of this chapter respectively. A 

summary of findings and discussion is given at the end of the chapter. 

Chapter 7 describes a summary of the thesis illustrating the major findings and 

conclusions of the research. This chapter also includes recommendations for further 

research.  
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 INTRODUCTION 

This chapter presents a review of literature related to planning and implementation of 

flood mitigation project, sustainability issues and challenges for sustainable flood 

mitigation, sustainability assessment approaches in the national, regional and project 

level. In particular, it has described the current knowledge gaps in the field of 

sustainability assessment of flood mitigation projects. 

 

2.2 SUSTAINABLE DEVELOPMENT OF FLOODPLAINS 

Floodplains are the area of land that is subject to inundation by floods up to and including 

the probable maximum flood event – that is, flood prone land (AAGD, 2013). Floodplains 

are the commercial, social and ecologically important centres of a region. These have the 

most productive fertile land and a heavily urbanized landscape as well as being the most 

vulnerable to flood. Most cities are located on either riverine or coastal floodplains 

because of an easily available water supply, water based transportation, waste disposal, 

advantageous points for river crossings, and access to productive soils or areas for 

recreational purposes. When these areas are flooded, a huge population of the cities 

suffers. As such urban areas are growing rapidly, so does the potential risk of flooding 

and other environmental problems (QRA, 2012). Therefore, a balanced sustainable 

development of floodplains is called for and indeed has been necessary since the early 

development of civilization. 

Floodplain management is a broad concept which involves managing both natural 

resources and human society, although often it has been used in a narrower sense as a 

synonym for any of the following: flood control projects, regulations for flood loss 

reduction, flood insurance, and other flood related programs. Such management is a 

continuous process of making decisions about whether and how floodplain lands and 

water are to be used by their stakeholders (FEMA, 1994). The floodplain management 

process focuses simultaneously on different timescales (the present, near future, and long 

term). Such management encompasses the uses of the floodplain as an integral part of the 

development of the human community, the watershed, the shoreline, or the coastal 

system. Wise use of floodplains within their social, natural, physical, and economic 

context is expected. The process of choosing among any competing uses should be based 
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upon balancing them against the various costs and benefit -both monetary and intangible, 

in the short and long term.   

In broader terms, floodplain management can be related to the dimensions of sustainable 

development, which are framed as the balanced development of three interconnected 

pillars – the environment, economy and society (WCED, 1987). In recent decades, many 

countries such as UK (DEFRA, 2007a), Australia (AAGD, 2013; QRA, 2012) and USA 

(FEMA, 1994) have also adopted sustainable development themes into river catchment 

and floodplain management planning. Most of these management plans aim to deliver 

sustainable floodplain development through reducing flood risk while maintaining or 

improving the capability of the floodplain to perform its natural function of conveying 

and storing floodwater, as well as maintaining floodplain ecosystems. Flood risk 

management is therefore intricately linked with issues of the sustainability of floodplains.  

 

2.3 FLOOD RISK MANAGEMENT – AN EVOLVING PROCESS 

Flood risk management strategies have evolved over centuries with the development of 

civilizations in various regions of the world. The earliest civilizations developed along 

the rivers or floodplains have been adapting to floods by selecting flood sensitive 

economic, social and cultural activities and keeping critical infrastructure and houses on 

higher grounds (McBain, 2012; Sayers et al., 2013).  The increasing demand for human 

safety, food security, and safe urban and rural development has led to structural 

engineering solutions for flood mitigation, which took a key role in flood risk 

management since the early 20th century. The construction of embankments, dikes, 

polders, diversion channels, dams and similar structures were the main flood mitigation 

and control measures during the 1960s to 80s. Along with structural measures, 

nonstructural measures such as reducing the severity of flooding through land use changes 

in upstream catchments, increasing preparedness through early warnings, reducing the 

consequence of flooding by reducing both exposure and vulnerability have been used 

(White & Richards, 2007; Richards et al., 2008; Tapsell et al., 2002).  

Flood risk management, as so far evident in the past, started and developed with a 

willingness to live with floods when there was limited technology. Population pressure 

and food shortages have forced societies to utilize floodplains and to control floods with 

structures. These strategies were followed by both increasing efforts to reduce flood 

damage and addressing whole risk management, which started in recent years (McBain, 
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2012; Sayers et al., 2013). Changes in flood risk management strategies have been mostly 

triggered by catastrophic flood events that have provided new insights and perspectives 

on the performance of past interventions and future needs. As seen in the early decades 

of the 20th century, major flooding events in the USA (Mississippi river flood in 1917, 

1927) and China (Yellow, Yangtze and Huai river flood in 1931) has led to the 

development of basin scale flood control infrastructure and coordination policies for flood 

mitigation. Flooding across Europe in 1947 and coastal floods devastating Europe in 1953 

has also led to shaping flood risk management policies towards food security, defining 

clear responsibilities for management, and strengthening early warning systems (Fig. 

2.1).  

 

 

Figure 2.1: Evolution of flood risk management strategies 

New perspectives on enhancing total disaster mitigation approaches have been realized 

after the floods in China in 1991 and 1998 (Sayers et al., 2013). Floods in 1993 and 1997 

in Mississippi, USA, also opened up new dimensions of assessing flood risks. Studies 
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have considered uncertainties in flood events and the formulation of rules and regulations 

for planning and implementing flood control projects. Basin wide and strategic flood 

management approaches, combining structural and non-structural measures, have also 

been taken up in the UK and on the Rhine river basin in Europe in the period of 1990s.  

The cyclone Katrina hit New Orleans, the USA in 2005 has brought the realization of 

levee failure and a need to adopt better risk management approaches and communication 

of residual risks. The UK flood in 2007 has also directed flood management efforts 

towards the consideration of all sources of floods and spatial extents when pluvial, fluvial 

and tidal flood occur together. Most recent floods in Pakistan (2010), Japan (2011) and 

USA (Mississippi 2011) again put further a need to evaluate floodplains management, 

performance and limitations of structural measures, improve the resilience of critical 

infrastructures, as well as reducing the development of secondary and tertiary level of 

risks (Sayers et al., 2013). 

At the current state of scientific development, it is urged that modern flood risk 

management strategies should be embedded with major aspects such as selection of 

management options through risk based assessment, consider the whole system approach 

to flooding and its effects, portfolio based integrated management by multiple 

organisations and stakeholders, multilevel analysis, evidence based management options, 

adaptive to physical and socioeconomic changes over time, consider uncertainties in 

whole process, engaging all level of stakeholders, and integration with the sustainable 

development of river basins and coastal systems (Hall et al., 2011; Sayers et al., 2013; 

Sahin et al., 2013). 

 

2.4 FLOOD CONTROL PROJECTS: AN OVERVIEW 

2.4.1 Flood control projects within the flood risk management process 

Overall flood risk management process starts with risk identification, then assessing the 

level of risk and finally creating policies and plans to control the risk and reduce to an 

acceptable level for the vulnerable community (Fig. 2.2) (CIRIA, 2013). Flood risk 

treatment or management measures include a hierarchical level of initiatives starting with 

avoiding flood prone areas, if not possible, then, substituting or living with suitable land 

use or livelihood in the floodplain. Next, flood control measures are preferred to reduce 

the likelihood of flooding by installing new infrastructure (e.g. levee, floodwalls), 

restoring natural features (e.g. channel dredging) or implementing sustainable drainage 
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system to control run-off from the site. After taking these measures, if there are residual 

flood risks remains in the area, which is obvious in most cases, mitigation measures like 

flood warning service, flood insurance, emergency evacuation plans should be taken 

(McBain, 2012; CIRIA, 2013).  

Figure 2.2: Flood risk management approach (Bowles et al., 1999) 

Generally, all kinds of flood risk management measures are in place in large floodplains. 

Flood control projects like embankment/ levee, dam, dikes, polders, diversion channels, 

and similar structures are specially implemented to prevent flood water entering to flood 

prone area to save life and livelihood of vulnerable people. The flood control structures 

modify the pathways of flood water and reduced the susceptibility of the flood to the 

receptors (McBain, 2012). Due to huge population pressure, increasing food demand, and 

growing urbanization, the floodplains are required to be protected from flood despite 

requirements of large investments for the flood control infrastructures (White & Richards, 

2007; Richards et al., 2008).   

2.4.2 Basic components of embankment / levee projects 

Embankment/ levees are the major structural component of flood defense system in 

riverine or coastal floodplains. It may also associate with some natural or man-made flood 

defense structures such as spillways, flood walls, culverts, sluices, under-seepage control 
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measures, pumping stations, dams, dunes, cliff, swamps and wetlands (Fig. 2.3). The 

levees could be linear along the river channel or ring/ polder type protecting the landward 

area of the levee. Levees alone provide three primary functions – (a) retain water out of 

the leveed area up to a defined water level, (b) channelize floodwater downstream or into 

non-leveed area to avoid inundation of the leveed area, and (c) provide controlled release 

of water in a designed location to minimize flooding in downstream area (CIRIA, 2013).  

 

 

Figure 2.3: Levee and associated structures within flood defense system (adopted from 

Reinhard Pohl, CIRIA, 2013) 

The levee structure consists of several components like foundation soil, impermeable 

core, earth fill, toe drain system, filter layers, crest, revetments, water-side berm, 

landward berm, discharge trench, as shown in Figure 2.4. All these are not always 

necessary, depending on the local condition where the levee is being built.  The levees 

may be in different forms with cross-sectional variations. The simplest traditional form 

of the levee is homogeneous earth filled levee. Some earth filled levee may be zoned 

composition, or composite with superstructures, or waterside and/ or internal structures. 

At present day, the levees are constructed with composite superstructures as designed 
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considering functionality and performance under different load situation as well as 

feasibility, economic and environmental constraints (CIRIA, 2013). 

 

 

Figure 2.4: Individual components of levee (CIRIA, 2013) 

When an embankment / levee project is designed, it includes not only the levee but also 

other associated structures as per requirements to protect the leveed area from flooding 

up to a design water level. At least the leveed area should have provisions for drainage of 

interior water resulting from seepage or storm runoff within the leveed area. The problem 

of interior flood control drainage is addressed by pumping stations, tide or flap gates, or 

temporary water storage in the low lying area inside the leveed area (Fig. 2.3) (CIRIA, 

2013). Some flood control projects, particularly in rural floodplains, may include 

irrigation management infrastructures with the leveed area (BWDB, 2014).  

2.4.3 Flood risk reduction by flood control projects 

Flood control projects, such as dams, embankments or levees, are primarily aimed to 

reduce flood risk of flood prone areas while providing multiple benefits like a reservoir 

for water supply, road communication infrastructures, etc. In the context of flood risk 

reduction, the flood control projects entail a number of issues that need to be taken care 

of while planning, designing and implementing of those projects. At first, determining 

the flood risk of the area to be protected should be as much as appropriate which 

ultimately guide the designing of the control project. Flood risk assessment 

methodologies, so far already established, deals with the characteristics of the flood and 

vulnerability of the elements in the floodplain to the particular flood events, both of which 

are combined to determine the risk to the elements (Mileti, 1999; Merz & Thieken, 2004; 

EU, 2007; Wu et al., 2011). Although the theoretical advances have been made in 

understanding characteristics of different types of floods, the characteristics of flooding 

caused by multiple reasons occurring simultaneously (e.g. heavy rainfall and tidal surge) 
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are not clearly understood yet. Moreover, the impact of climate change on flooding needs 

further investigation contextualizing local and regional climatic conditions (Kelman, 

2001; Melillo et al., 2014). While many flood prediction models have incorporated 

hydrological uncertainties, reliability of the model results still needs to be improved 

considering hydrological data reliability and analytical methods (Melching et al., 1990; 

Juston et al., 2013; Sikorska et al., 2014) as well as considering uncertainties in other 

factors such as ever-changing river morphology (Wu et al., 2011). 

Along with the uncertainties in flooding events, available flood risk assessment processes, 

while having multiple dimensions, cannot address in tangible terms all aspects in 

estimating flood risk (Blong, 2003; Messner & Meyer, 2006; Thieken et al., 2006). 

Because of complexities such as changing land use pattern and uncontrolled 

developments in flood prone areas, flood risk assessment methods face difficulties in 

describing future scenarios of the elements at risks or the impacts of floods. In addition, 

the changing value of assets in a global scenario, and the technology of building structures 

may lead to gaps in risk assessment and outcomes of the project. Often in flood control 

projects, which were designed and implemented decades ago using simple deterministic 

risk assessment process, now create a new environmental risk (flooding, pollution, 

drainage congestions). These risks are facilitated by uncontrolled urbanization inside the 

protected areas (McBain, 2012; Saha et al., 2012). Many such examples indicate that 

proper flood risk assessment considering the sustainability of flood control projects is 

required to gain benefits in the long run. 

Next to flood risk assessment in the planning stage, the flood control projects suffer from 

setting proper design of the projects due to constraints of funding, technology, and 

interests of multiple stakeholders. Designing of flood control projects are primarily 

focused on flooding depth and inundated area. Hence, uncertainties in flood prediction 

and future land use change often leave many loopholes in the design process. Evaluation 

of alternative designs of the projects is usually based on simple benefit- cost analysis 

rather than focusing on achievable total flood risk reduction by the project. Recently 

developed appraisal guidelines for flood control projects by the UK has attempted to 

adopt risk-based approach for project appraisal and evaluation of alternatives in the 

design process, which is yet to be proved as effective project design guideline 

(Environment Agency, 2010).  
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Practical implementation of the flood control projects encompasses the real challenge of 

ensuring the planning and design consideration to put in place, as it is difficult to prove 

that project is successful unless it is tested in the real occurrence of a design level flood 

event. Therefore, the effectiveness and sustainability of the flood control projects remain 

the key issue as it reflects how better planning, designing and implementation of the 

project was done. Many structural flood control projects have proved their good 

performance to prevent flood in the short term, which has led to a strong belief in 

engineering solutions. In the long term, however, some of these structural measures, due 

to unplanned development, population growth, land use changes inside the flood-

protected areas, have been found to be inefficient during catastrophic flood events. As a 

result, flood losses continued to increase and have required further risk assessment and 

risk management approaches in different ways (Sayers et al., 2013; Hall et al., 2011). For 

instance, over the decades following catastrophic flood events of 1874, 1928, 1953 and 

at the latest considering the future sea level rise by the year 2100, flood defenses in the 

Thames estuary in the UK have been re-designed and renovated. Initially, the flood 

embankments were raised to prevent the flood water, and then storm surge barriers were 

built to prevent tidal water. All the structures were renovated to prevent flooding with 

Annual Recurrence Interval (ARI) 1:10000 years, with consideration of the combined 

effect of pluvial and fluvial flooding as well as future sea level rise scenarios (Sayers et 

al., 2006).  

The approach of flood risk management has been transformed from a reactive approach 

after having huge flood damage to a proactive approach to ensure long term benefits 

(Tarrant & Sayers, 2012). As for example, proactive flood management strategies have 

been adopted in the coastal floodplain of the Ganges – Brahmaputra river basin in 

Bangladesh, where coastal polders were built to prevent tidal flooding during 1960s-80s. 

Those polders proved to be effective for the following two decades, but are now creating 

severe drainage congestion in the area. With sedimentation in the river channels raising 

the river beds, compared to land inside the polders which has obstructed the storm water 

drainage through natural gravity flow. The government of Bangladesh is now planning to 

renovate the coastal polders with a new design, considering sea level rise scenarios. A 

new approach like ‘Tidal River Management (TRM)’ has been proposed to be 

implemented in the coastal area of Bangladesh (BWDB, 2013). However, the 
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effectiveness of these re-designed flood defenses can only be proved when the flood 

events actually occur.  

Moreover, the application of similar structural flood defense technologies may not be 

effective in all floodplains, as observed when the structural flood defenses were 

successfully implemented in small river basins like the Rhine river in Europe. These have 

proved not to be as sustainable in large river basins like the Yantze river in China. The 

dynamic nature of large river basins creates huge uncertainties in flood predictions and 

the improper design of flood defenses (Plate, 2002). 

Although structural flood control projects have brought some benefits in flood mitigation, 

the floodplain ecosystem was largely destroyed and the ecosystem dependent livelihoods 

and the economy were impacted. Taking into account the cost of irreversible change in 

the floodplain ecosystem, the benefits of flood control would tend to a negative position 

(Tapsell et al., 2002; Saha et al., 2012). The question of the sustainability of floodplains 

comes into focus when large scale destruction has already taken place. Concepts of 

integrated river basin management or floodplain management were introduced in recent 

decades in view of reducing the impact of structural flood control measures (Sayers et al., 

2013). 

2.5 SUSTAINABILITY ISSUES IN FLOOD CONTROL PROJECTS 

Over the past decades, sustainable development agenda has taken much attention in the 

development policies and plans. The basic aspects of sustainable development, given by 

the Brundtland Commission in 1987, i.e., the social, environmental and economically 

sustainable development for present and future generation remained the key focus in the 

national/ regional level policies and plans (WCED, 1987). Particularly spatial plans/ land 

use plans, that drive the economic, social and environmental elements of a region, has 

adopted the sustainable development objectives in many countries such as UK, USA, and 

Australia (ODPM, 2005; Bureau of Land Management, 2005; Council of Australian 

Governments, 1992). Flood control projects are closely linked to land use management. 

Depicting such relationships Carter et al. (2009) presented a Driver-Pressure-State-

Impact-Response (DPSIR) model that shows how flood mitigation responses affect the 

environmental, social and economic components. Drivers, such as climate change, 

demographic change, and economic growth, create pressures including urbanization and 

loss of natural floodplains which contribute to a state of increased runoff and greater flood 

risk. Consequently, this leads to social, environmental and economic impacts and to 
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develop responses to mitigate the flooding impacts. Apart from responses to reduce the 

impacts of flooding, further responses can also be attempted towards influencing the 

drivers, relieving the pressures and altering the state of the environment that contribute to 

the problem of flooding (Carter et al., 2009). It appears that despite flood mitigation 

schemes emerge as a response action, they can have great influence on achieving 

sustainable development in a region through influencing economic activities (e.g. 

agriculture, industry), social development and environmental protection by reducing 

flood risks (Fig. 2.5).  

The flood control projects constitute the main objective of flood risk reduction that will 

ensure economy and livelihoods as well as environmental protection. Therefore, 

sustainability of flood control projects means sustained flood risk reduction by the 

projects for ensuring sustained and secured development in the project area. Usually, 

flood control projects emerge from the analysis and suggestions proposed in the flood 

risk management plan. The process starts with flood risk assessment in a specific region 

considering social, economic and environmental conditions followed by analyzing 

alternative options for flood risk management options and finally selecting the best 

option(s) that can reduce flood risk with optimal social, economic and environmental 

benefits. Both present and future scenarios are considered for analyzing flood risks and 

risk reduction benefits, at least, for the project lifetime. Since the social, economic and 

environmental aspects are an integral part of flood risk assessment and benefit assessment 

of the flood control projects, sustainability of the projects will depend on how the social, 

economic and environmental elements related to the project are strictly managed in line 

with the objective of flood risk reduction. It is very difficult to control regional 

development maintaining only one objective, as the society is driven by a value system 

which changes depending on the emerging contemporary issues (Plate, 2002). Social and 

economic drivers outside the flood control project area often trigger the development 

inside the project area, which leads to changes in flood risk and benefits of the project. 

Therefore, the sustainability issues critical to the flood control projects need to be 

identified which can be monitored to measure the sustainability of the projects at present 

and future times. 

While the sustainability concerns are well adopted in catchment or basin scale flood 

management through sustainable flood management strategies/ plans (e.g. Environment 

Agency, 2004; Gold Coast City Council, 2010), translating the sustainable development 
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objectives from national level to individual project level still remained as difficult task 

(Ugwu et al., 2006a). Recently the Sustainability Appraisal (SA) guidance for the regional 

and local authorities of United Kingdom (ODPM, 2005) suggested that issues like 

minimizing loss of agriculture land, avoid damage to biodiversity, avoid damage to 

historic places, reduce greenhouse gas emissions, enhance human health and improve 

employment opportunity could be taken as SA objective in the development plans. 

Addressing sustainability aspects at individual project level has been presented in few 

literature. Those are related to infrastructure projects, similar but not directly related to 

flood management. Ugwu et al. (2006b) have identified sustainability indicators applied 

for sustainability appraisal of bridge construction project, which is clustered under broad 

categories such as economic, environmental, societal, resources utilization, health and 

safety, and project administration. The economic sustainability indicators include direct 

and indirect costs, whereas the environmental sustainability indicators include land use, 

water, air, noise, ecology, visual impact and waste management. The societal 

sustainability indicators cover cultural heritage, public access, and public perception. 

Resource utilization indicators consist of site access, material type and availability, 

constructability, reusability and quality assurance. Health and safety category covers 

occupational health and public health. And the project administration category includes 

project contract type and procurement method. A similar type of sustainability indicators 

was identified by Fernandez-Sanchez and Rodriguez-Lopez (2010) for linear 

infrastructure projects in Spain. Further, Kumar et al. (2012) presented fifteen key 

sustainability objectives that were considered for an urban river corridor re-development 

project implemented in Sheffield, UK. These examples showed how we can assess the 

contribution of the projects towards sustainable development of the project impact area. 

Though sustainability assessment or appraisal has not been explicitly applied, basic 

sustainability aspects (environmental, social and economic) has been considered in the 

planning, implementation and monitoring of flood control projects for past decades in the 

name of strategic environmental assessment (SEA), environmental impact assessment 

(EIA) and social impact assessment (SIA) (Varey, 2004). As observed in recent studies 

(DLPE, 2000; IBWC, 2007; BWDB, 2013; MAFWM, 2014), these types of assessment 

clearly highlight the sustainability concerns of flood control projects and how the project 

can contribute to enhancing the sustainable development of the area. In addition to the 

contribution to sustainable development of the project impact area, it is also imperative 
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to assess how long the flood control project can provide sustained flood risk reduction to 

the area. Based upon the above-mentioned discussion, the key sustainability issues in 

flood control projects have been portrayed below (Fig. 2.5) with particular reference to 

embankments/ levee projects in two particular contexts – how the project will continue 

to fulfil its main objective and how the project will contribute to sustainable development 

in the region for present and future generations. 

 

Figure 2.5: Sustainability issues related to flood control projects 

Sustained flood mitigation: The flood control infrastructures like levee should function 

for reducing flood as designed, at least, until its life time. The problem with this kind of 

infrastructure is that often there is some design modification while implementing the 

projects and the actual functioning of the structure can only be tested when real flood 

occur. Also, degradation of the structures over time having experience of multiple flood 

events with varying magnitude may affect the performance of the infrastructure over a 

long period. In addition, changing characteristics of flood events, such as reduced riverine 

flood and increased drainage congestion due to heavy rainfall inside the embankments, 

 

 Proper risk assessment 

 Design modification 

 Degradation of the structures 

performance 

 Changing flood characteristics 

 Unplanned development 

Sustained flood mitigation issues 

 

 
Agriculture 

Urbanization 

Society 

Land use management 

Flood mitigation 

projects 

 
Ecosystems 

 Industry 

 Loss of floodplain habitats  

 Biodiversity degradation 

 Land use change 

 Creation of new environmental 

problems 

Environmental issues 

 Public health and safety 

 Migration/ re-settlement 

 Property value 

 Employment 

 Community growth 

 Public access and cultural 

heritage 

Social issues 

 Life cycle costs of project 

 Reduction of flood damage  

 Benefits from economic 

activities 

Economic issues 

 Policy and institutional development 

 Project planning and implementation  

 Maintenance and evaluation processes 

 Asset management 

 Social change management 

Policy and institutional issues 



21 

may affect the performance of flood control structures as designed. Further, permanent 

structures of the flood control projects modify the local geography which ultimately turns 

into guiding factor of future land use development in the region. Considering all these 

factors, sustained flood mitigation is an expected outcome of the flood control projects. 

Environmental improvement: The environmental aspects such as loss of floodplain 

habitats, biodiversity degradation, land use change are closely linked to the flood control 

projects. Improvement of the environmental aspects, in addition to remediation of the 

negative effect of the project, remains a key issue of environmental sustainability in flood 

control projects. Though these environmental elements are influenced by many other 

factors (e.g. pollution, urbanization), the contribution of the flood control projects plays 

a major role in the floodplains. Inadequate accounting of the environmental elements in 

the flood risk assessment leads to degradation of the environment. Continuous 

improvement of the environmental aspects from pre-project condition through the post-

project situation in the long run can lead to sustainability of the environment. 

Social development: In the social development context, public health and safety, 

migration/ re-settlement, property value, employment, community growth, public access 

and cultural heritage are major concerns related to flood control projects. While these 

projects ensure life safety and less vulnerable environment for social development, they 

can trigger other forms of environmental problems (e.g. pollution, drainage congestion) 

due to rapid urbanization and industrialization of the flood protected areas. Hence, the 

contribution of flood control projects to sustainable social development needs to be 

analysed critically. 

Economic sustainability: Direct and indirect life cycle costs of the project, reduction of 

flood damage and benefits from agriculture and other economic activities are the major 

economic sustainability aspects related to flood control projects. Most of these economic 

aspects are considered in flood risk assessment that reflects the measurable outcome of 

the projects.  

Policy and institutional aspects: Policy and institutional development related to flood 

control projects are often ignored but vital to achieving the sustainable outcome of the 

projects. Project planning, implementation, maintenance and evaluation processes, asset 

management and social change management should be well institutionalized with 
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necessary policy supports so that transformation of the society can cope with the objective 

of sustained flood mitigation and development in the project area. 

 

2.6 CHALLENGES AND OPPORTUNITIES FOR ENSURING 

SUSTAINABILITY OF FLOOD CONTROL PROJECTS  

The challenges for ensuring sustainability of flood control projects are manifold and 

mostly related to the sustainability issues discussed above. First, it should be mentioned 

that flooding events are caused by multiple events occurring simultaneously (e.g. heavy 

rainfall and tidal surge) and monitoring, mapping and predicting this process precisely 

are not clearly understood yet. Moreover, the impact of climate change on flooding needs 

further investigation in order to contextualize local and regional climatic conditions 

(Kelman, 2001; Melillo et al., 2014). Despite many flood prediction models having 

incorporated hydrological uncertainties, the reliability of these models’ results still needs 

to be improved by considering hydrological data reliability and analytical methods 

(Melching et al., 1990; Juston et al., 2013; Sikorska et al., 2014) as well as considering 

uncertainties in other factors such as ever changing river morphology (Wu et al., 2011). 

A better understanding of flood behaviour would give us the opportunity for sustainable 

flood mitigation. 

In addition, the currently available flood risk assessment processes cannot address all 

aspects of estimating flood risk in tangible terms (Blong, 2003; Messner & Meyer, 2006; 

Thieken et al., 2006). It is difficult to describe future scenarios through current flood risk 

assessment methods because of changing land use patterns and uncontrolled 

developments in flood prone areas. Moreover, global socio-economic scenarios influence 

the value of assets as well as the technology of building structures, which leads to gaps 

in the risk assessment and indeed the outcomes of the project. Flood control projects that 

have been implemented decades ago were designed based on a simple risk assessment 

process. These are now creating new risks like environmental pollution and drainage 

congestion. These risks are worsened by uncontrolled urbanization inside the protected 

areas (McBain, 2012; Saha et al., 2012). Many such examples indicate that proper flood 

risk assessment considering the sustainability of flood control projects is required to gain 

benefits in the long run. The flood risk assessment process should further focus on the 

risk generated by other hazards in the flood prone area and how much proportion of the 
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total risk is caused by flood. This would give the opportunity for planners to effectively 

decide on sustainable flood risk reduction measures. 

Flood control projects are usually implemented along with other non-structural measures, 

as no single strategy is enough to reduce total flood risk. A combination of flood risk 

management strategies is required in all floodplains, which may include land use 

management, structural defences and improving community preparedness for floods by 

early warning and emergency management depending on the local environmental, socio-

economic and institutional setup (Richards et al., 2008; McBain, 2012; Sayers et al., 2013; 

Shah et al., 2012). Further investigation of the proportional contribution of all measures 

to reducing total flood risk in the flood vulnerable areas could be useful in choosing better 

options. Through such studies, a well-defined linkage between the flood control 

infrastructures (e.g. levees) and the environmental, social and economic elements of the 

project area could be established, which would help in measuring the effect of the project 

on the sustainable development of the region. 

Performance evaluation of the flood control projects is usually justified only with limited 

indicators related to flood level reduction rather than covering all the relevant factors of 

sustainable development for present and future scenarios. Therefore, in spite of the 

immediate visible benefits, over the long term an improved and sustained performance of 

the flood control projects has not eventuated, as many areas inside large flood control 

projects have flooded after only a few years of their establishment. Flood protection 

measures attract new development in floodplains, which can create a “moral hazard”, 

misleading a vulnerable community about a true appreciation of the risks associated with 

occupying floodplains (McBain, 2012).  

It is fair to say that an uncontrolled alteration of floodplains and the associated flood risk 

after implementation of flood control projects constrains the performance evaluation of 

the projects.  Integration of a regional sustainable development agenda into the flood 

control projects would be essential to eliminate this gap. Some planning efforts have 

already been made to adopt sustainable development and integrated management 

approaches in flood risk management that specifically address the negative consequences 

of flood control projects (Brouwer & van Ek, 2004; Hall et al., 2011; Sayers et al., 2013). 

A comprehensive sustainability analysis of the flood control projects can be adopted in 

the planning process so that sustained flood risk reduction and the projects’ contribution 

towards sustainable development can be ensured. Further, since flood risk management 
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is recognized as a continuous adaptive management process (Hall et al., 2011; Sayers et 

al., 2013), “dynamic sustainability” concepts (Newman, 2005; Scoones et al., 2007) can 

be established in the planning process. 

In practice, challenges for developing policy and institutional supports aimed at the 

sustainability of flood control projects are often affected by the interest of stakeholders. 

Usually, policy and institutional upgrading happens after every catastrophic flood event 

when the consensus of stakeholders is easily obtained.  Stakeholders’ risk perception and 

expectations of safety are crucial when choosing between management options. A 

stronger understanding of flood risk and safety by present and future stakeholders could 

be important in achieving greater sustainability of flood control projects. There is little 

understanding of how to anticipate who future stakeholders will be and their attitudes 

toward the flood risk management currently implemented. This needs to be explored 

further. Besides, how to communicate flood risk to present and future stakeholders should 

be enhanced so that the progress toward sustainable flood risk management can be 

conveyed effectively.  Adequate policy and institutional mechanisms need to be 

developed for building well-informed communities and transforming practices to achieve 

the objective of sustained flood mitigation and sustainable development in floodplains. 

2.7 PLANNING AND IMPLEMENTATION PROCESS OF FLOOD CONTROL 

PROJECTS 

2.7.1 General approach to infrastructure planning and implementation 

Infrastructure development projects, such as roads, bridge, needs systematic approach 

from initiation to commissioning of the project and continue operation and maintenance 

throughout its lifetime. The life cycle of the infrastructure projects, in general, follow the 

project management cycle consisting of four major phases: project initiation, project 

planning, implementation, and project commissioning and operation (Fig. 2.6) (FASID, 

2004; Westland, 2006). A brief overview of each phase is given in the following sections. 
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Figure 2.6: Life cycle of infrastructure projects (Adopted from FASID, 2004 and 

Westland, 2006) 

Project initiation: In the project initiation phase, a problem or opportunity is identified as 

well as various alternative solution options are identified. Then, a feasibility study is 

conducted to explore whether each solution options can solve the problem and a suitable 

solution is recommended. With the approval of the recommended solution, the project is 

initiated and administrative works start. Detail terms of reference with the objectives, 

scope, and structure of the new project are completed, and a project manager is appointed 

for the project. The project manager recruits the project team and establishes project 

office. Upon approval, the project moves into the detailed planning phase (FASID, 2004; 

Westland, 2006). 

Project planning: Detail design of the infrastructure and several plans are prepared for 

the project in the detailed planning phase following the detail terms of reference. At first, 

detail design of the proposed infrastructure is prepared which provides information for 

preparing plans. Then, a project plan is prepared outlining the tasks schedule, 

dependencies, and time frames. A resource plan listing the human resource, equipment, 

and materials required for executing the tasks is also essential. Most importantly, there 

should be a financial plan detailing the cost of human resources, equipment, and materials 

required for the project. In addition, a quality control plan, risk management plan, 

stakeholder communications plan, and procurement plan are essential for the project, 

which is developed in this stage (FASID, 2004; Westland, 2006). 
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Project implementation: This phase involves implementing the project according to the 

plans developed during the project planning phase. While implementing each plan, 

monitoring and control processes are undertaken to ensure the quality of deliverables by 

the project. The processes include identifying change, risks, and issues, reviewing the 

quality of deliverables and measuring the deliverables produced against the pre-defined 

acceptance criteria. When all the deliverables of the infrastructure are finished and the 

client accepts the final products, then the project is ready for commissioning and 

operation (FASID, 2004; Westland, 2006). 

Project commissioning and operation: Project commissioning and operation involves 

handing over final deliverables and project documentation to the client, terminating 

supplier contracts, releasing project resources and communicating the commissioning and 

operation of the project to all stakeholders. And finally, a post-implementation review 

should be undertaken to measure the level of project success and identify any lessons 

learned for the current and future projects (FASID, 2004; Westland, 2006).  

All the above four phases are crucial for obtaining successful outcome of the project, 

especially the first two phases, where feasibility study, detail design, and planning are 

done, that guides the outcome of the whole project.  

2.7.2 Planning and implementation process of flood control projects 

As discussed before, flood control projects consist of infrastructures like levee/ 

embankment, dam, floodwalls, which are similar to road/ bridge infrastructure in terms 

of engineering perspectives. Therefore, in general terms, the project planning and 

implementation approach are also similar to other engineering infrastructures, as 

discussed in section 2.6.1. However, the project initiation and planning phase is quite 

complex for flood control infrastructure than other similar infrastructures. Because the 

flood control infrastructures are often multi-purpose projects providing flood mitigation 

as well as facilities for road communication or water reservoir for urban water supply. 

Also, designing and planning of flood control structures are dependent on many 

environmental and social factors in addition to economic and engineering factors. A 

typical planning and implementation process of flood control levee project have been 

described here that will give a clear picture of complexities in such type of infrastructure 

projects (Fig. 2.7).  
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Figure 2.7: Planning and implementation steps for a typical flood control levee project 

Project initiation/ definition phase: Flooding problem is usually identified by the 

community in the project area from their past historical experience. Even the alternative 

solutions for the flooding problem are almost defined by the community and the national/ 

regional flood risk management plans. Among those alternative solutions, flood control 

levee projects are chosen by the government and community to protect some part of the 

floodplains from severe flooding. So the initiation of flood control levee projects is based 

on the legacy of the flood management efforts by the vulnerable community. Generally, 

government authorities, either local or national, take initiative to implement the levee 
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projects. Private land owners may also take the initiative to construct levees to protect 

their large farmlands from floods. The project initiation phase may take one to several 

years (or even decades), depending on the flood damage, demands from the people, scale 

of the project, detail information on flood risk, and funding required. Private and/or 

community funded small projects can be initiated quickly. But complexities arise where 

funding and resources are required from the local and national government.  

When it is decided that a levee will be constructed, then there some issues arise about its 

location, right of way, engineering design options, effects on flood risk reduction, 

economic benefit-cost, impacts on society and environment. These issues are addressed 

in feasibility study or project appraisals. The feasibility study or project appraisals of 

levee project consists of major investigations such as reviewing existing geographical and 

socio-economic condition of the project area, analyse flood characteristics of the area 

(hydrological and hydraulic assessment), assessment of existing flood control schemes 

operating in the area, assessment of flood damage reduction and the benefits of the project 

(e.g. properties, agriculture, navigation, fisheries), environmental impact assessment 

(EIA), social impact assessment (SIA), and assessing possible mitigation measures to 

reduce negative impact of the project. Further, assessment of probable effects of the 

project on the nearby areas within the catchment is done during the feasibility study. 

Often, a feasibility study may end up with establishing design criteria and planning 

concepts, preparing project layouts, engineering designs and drawings of relevant project 

components (DoWR, 2009; Environment Agency, 2010; BWDB, 2014; DNRM, 

2014a,b). 

In the feasibility study, hydrological and hydraulic assessment, flood risk assessment, 

environmental and social impact assessment, and economic cost –benefit analysis are 

very important for selecting the suitable option and final decision making. The 

hydrological and hydraulic assessment is crucial for determining the design level of the 

levee and associated impacts. Based on the national guideline, specific Annual 

Exceedance Probability (AEP) of the flood (e.g. 1 in 100-year flood event) is considered 

for the flood scenario analysis; sometimes climate change impacts are considered. 

Inundation depth, expected flooded area, peak water level, flow and velocity distribution 

of water are determined using hydrodynamic models for different design flood events in 

pre-levee and post-levee condition (DNRM, 2014a,b). 
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Based on the hydrological and hydraulic assessment, flood risk assessment is carried out 

accompanied by environmental and social impact assessment (DNRM, 2014a,b). In some 

cases, environmental and social impact assessments are conducted separately (BWDB, 

2014). Generally, only major economically important risk elements like property, 

agricultural crops, and road infrastructures are considered in the risk assessment rather 

than doing comprehensive flood risk assessment incorporating all social and 

environmental risk elements. All these analyses are deemed for possible scenarios within 

the project lifetime, say 30 to 100 years (BWDB, 2014; DNRM, 2014a,b). The analysis 

of the sustainability of the levee to provide sustained flood risk reduction as well as a 

contribution to sustainable development of the region for present and future generation is 

still remained out of the scope of a feasibility study or project appraisal of flood control 

levee projects. 

The results of the above-mentioned assessments provide basis for issuing clearance 

permits to the project by the development control authorities in the country, as for 

example, the levee projects are approved by the IDAS system in Australia depending on 

the size and category of the levee (DNRM, 2014a,b). Completing necessary permit 

procedures, funding arrangements as well as establishing project team for the project in 

the initiation phase, the project enters into the planning phase. 

In the project initiation phase, various constraints like policy conflicts, inadequate/ 

delayed funding, delayed environmental permitting, delayed land acquisition for right of 

way and conflicts among stakeholders may arise, which interrupt timely planning and 

implementation of the project (DoWR, 2009). 

Project planning phase: In the project planning phase, detail design of the levee and 

associated structures is prepared following engineering construction guidance and 

standard practices. Then, according to the design, task scheduling, resource plan, financial 

plan, risk management plan etc. are prepared. An operation and maintenance manual for 

the levee and associated structures can be drafted at this stage and finalized at the closing 

stage of the project. Further, since there is a chance of levee failure, an emergency 

management plan need to be prepared for the community detailing potential risk map, 

emergency warning communication, resource requirements, evacuation route, shelters, 

and health and safety risks (DNRM, 2014a,b). This phase may take around one to two 

years depending on the size, location, and complexities of the project. 
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Project implementation: The implementation of the projects starts with appointing 

construction company who is liable to construct the levee according to design and plans. 

Monitoring and quality control of the construction is carried out by the consultants 

appointed by the implementing agency. Project implementation may take between a few 

months to several years. Some projects are implemented phase by phase, which may face 

the uncertainty of funding for completing the whole project. Any modification or changes 

in the design or construction materials are reviewed and approved by the implementing 

agency. In addition to the construction of the levee project, the environmental and social 

management plan should be implemented (DoWR, 2009), which is often ignored by the 

implementing agencies, as most environmental and social issues are related to other 

agencies. 

Project commissioning and operation: Like other infrastructure projects, after 

implementation of the project, the levee and associated structures are commissioned and 

project documents are handed over to the implementing agency. The operation and 

maintenance manual is also finalized at this stage. The levee and associated structures 

function when there is a flood. So, even after completion of the project, the performance 

can be seen when a flood occurs. Therefore, post-implementation review of the levee 

projects is very important, which is rarely done, as it depends on the next flood event. 

Operation and maintenance of the levee and associated structures usually continue 

throughout the project life and beyond, especially after every flood (Environment 

Agency, 2010; BWDB, 2014). After a flood event, damage and maintenance requirement 

for the levee to withstand future flood load are assessed rather than assessing the 

effectiveness of the levee to reduce present and future flood risk. Feedbacks from the post 

flood evaluation are incorporated in the maintenance of the current project as well as 

designing new projects. Currently, post flood evaluation only focuses on the levee 

structures (Environment Agency, 2010; State Government of Victoria, 2015); little or no 

focus on the flood risk prevails in the floodplain at the time of evaluation. 

 

2.8 SUSTAINABILITY ASSESSMENT APPROACHES: THEORIES AND 

PRACTICES 

2.8.1 Concept of sustainable development and sustainability  

Sustainable development is much-talked topic in global development agenda since 1987 

when the Brundtland commission published a report – Our Common Future. This report 
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has defined Sustainable development as the development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs. 

It is based on the integration of three dimensions – environmental, social and economic 

development, meeting the twin principles of intra-generational and inter-generational 

equity (WCED, 1987). Sustainable development can be further elaborated as a process of 

positive biophysical and socio-economic change or creating wealth (capital) that meets 

the needs of the present generation and can be continued indefinitely without diminishing 

the natural systems upon which it depends or excluding the range of opportunities 

available to future generations. This is one of continuous adaptation process to evolving 

environmental, economic and social systems (Sadler et al., 2008; Sadler, 2010).  

Sustainability can be defined as the quality of the process of development that can be 

continued indefinitely for present and future generation. It can only be analysed 

subjectively against some set of normative values or accepted principles of sustainable 

development, rather than objectively defined values.  The determinants of sustainability 

of development proposal may be highly approximated as achievements toward (or away 

from) pre-selected aims or criteria (Sadler et al., 2008; Sadler, 2010). Often the term 

‘sustainability’ is misunderstood in a negative sense. Costanza et al. (1997) and Meadows 

et al. (1992, 2004) has urged that sustainability does not mean accepting no or zero 

economic growth or reducing standards of living; persisting poverty or large-scale 

inequalities in wealth distribution. It does not mean to undertake repressive measures like 

stabilizing population; rigid, authoritarian forms of governance or highly centralized 

command and control systems; or halting the use of non-renewable resources. Rather 

sustainability does mean ensuring the development that keeps the scale of economic 

growth within the key ecological thresholds and securing a justified distribution of 

resources and opportunities between the present and future generations.  

Achieving sustainable development and ensuring sustainability in the development 

programmes is a key concern since the introduction of the concepts. The latest UN 

conference on sustainable development (Rio +20, held in  2012 in Rio de Janeiro) stresses 

further the need to mainstream sustainable development at all levels and strengthen 

institutional framework to promote a balanced integration of the three dimensions of 

sustainable development (Dalal-Clayton & Sadler, 2014).  

Sustainable development policies have been adopted at the international and national 

levels for guiding the overall development programmes in last two decades. Although not 
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fully working at the functional level, those international and national policies have 

brought a global commitment to sustainable development, at least on paper. Some macro 

level sustainability assessment frameworks have been developed to evaluate the progress 

towards sustainable development at the national and regional level (Dalal-Clayton & 

Sadler, 2014). The international or national level sustainable development objectives can 

only be achieved if they are well linked and implemented through individual projects at 

the micro level. Translating the national sustainable development policies to local level 

individual development projects, which is obviously a difficult task, is still beyond its 

actual requirements. Inadequate understanding of the interaction and cumulative impacts 

of the various environmental, economic and social elements and absence of appropriate 

tools has compounded the difficulty in assessing sustainability and achieving sustainable 

development. Given the international and national emphasis on sustainability, there is a 

dire need for appropriate methods and tools for sustainability assessment at the project 

level (Ugwu et al., 2006a).   

2.8.2 Sustainability assessment approaches  

Sustainability assessment, often used interchangeably with the appraisal, is the process of 

evaluating the worth, significance or status of a work, an action or a broad or specific 

course of development activity. This is used to describe a broad field of professional 

analysis of economic, environmental and social effects of the development and 

sustainability implications through integrated approach (Sadler et al., 2008; Sadler, 2010). 

Dalal-Clayton & Sadler (2014) argued that sustainability appraisal should be framed by 

four main characteristics, such as (a) the assessment is undertaken as an integral part of 

decision-making process; (b) the environmental, economic and social effects of the 

proposals and their sustainability consequences are considered; (c) evaluation is 

conducted against a framework of objectives, principles, and criteria for achieving and 

measuring progress towards sustainable development; and (d) the assessment is 

implemented under a governance regime through policy and procedural integration. 

Integrated and systematic decision-making process, as urged by Sadler (2004), can be 

implemented in a different level of policy making such as: 

Micro-level integration can be achieved through planning studies like impact assessment, 

feasibility study and other forms of appraisal of the effects of the proposed development 

proposals or actions undertaken by government and private initiatives. For instance, EIA/ 

SIA studies at the project level can address some of the sustainability issues. This micro-
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level integration process is evolving towards strategic level through Strategic 

Environmental Assessment (SEA) for policy, programs, plans; and in future, towards 

environmental sustainability assurance and sustainability appraisal (Sadler, 1999, 2002); 

Meso-level integration can be implemented through strategic planning such as land use 

planning and policy initiatives that provide guidance and measures to achieve sustainable 

development at all levels of decision-making. As for example, National Sustainable 

Development Strategies (NSDS), National Conservation Strategies (NCS), National 

Environmental Management Plans (NEMAP), Poverty Reduction Strategies Paper 

(PRSP), etc. have been promoted by international development communities to provide 

guidance and intervention measures in different sectors integrating the sustainable 

development agenda (Dalal-Clayton & Sadler, 2014).  

Macro-level integration can be framed in broader policy making perspectives at the 

society, sector or country level. Accounting-type frameworks which can evaluate the 

progress toward or away from sustainability are suitable for integrated decision making 

at the macro level. 

A wide range of methods and tools have been developed for sustainability appraisal at the 

macro and meso-level policies and plans. At the macro / national level, account-based 

approach (e.g. Genuine Progress Index (GPI)), narrative assessment (e.g. World Bank’s 

World Development Report) and indicator-based assessments (e.g. Dashboard of 

Sustainability) are available that reports the status of progress of a country towards 

sustainable development. Also, some tools are available for the meso-level or strategic 

policy and planning level such as checklist based ASSIPAC sustainability assessment 

framework for social initiatives (Devuyst, 1999); Threshold 21 for assessing country’s 

strategic plans (Millennium Institute, www.threshold21.com); Integrated Sustainability 

Assessment (ISA) developed by MATISSE project (Jager et al., 2008); ‘Sustainability 

test’ with criteria and indicators for appraising policies, plans and programmes (Nelson, 

2003); capital stock based ‘Telos’ sustainability assessment tools for provinces in 

Netherlands (Knippenberg et al., 2007) and questionnaire based ‘Integrated Appraisal’ 

toolkit for assessing policies and plans developed by UK CEED. One of the pioneer 

initiatives has been undertaken by UK government through adopting meso-level 

sustainability appraisal (SA) guidance for the regional and local authorities of United 

Kingdom (ODPM, 2005), which was intended to introduce sustainable development 

concerns at the regional and local planning process. Also, Brinsmead (2005) described 

http://www.threshold21.com/
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three cases of integrated sustainability assessment of regional projects related to the 

waterway, forest, and environmental management plans, in which integration of 

sustainability dimensions has been considered for decision making. 

With respect to flood risk management, very few initiatives are taken to incorporate SA 

process in the development planning. Recently SA guidance has been developed by the 

UK for evaluating the flood and coastal erosion management related policies, plans and 

schemes whether they meet the sustainability objectives of the regional and national 

policies and plans. Basically, this SA appraisal process intends to evaluate different flood 

risk management options with indicators and to select the best option that satisfies the 

sustainability objectives most (DEFRA, 2007b). This process is further explained in 

section 2.8.5. Another example illustrated by Kumar et al. (2012) shows sustainability 

appraisal process for urban river corridor re-development project implemented in 

Sheffield, UK. In this project, an integrated model based on Bayesian belief Network 

(BN) was developed to integrate the sustainability indicators for comparing different 

alternative development scenarios and choosing a most sustainable option. 

Despite having macro and meso-level sustainability appraisal, the sustainability 

objectives can be effectively achieved only if sustainability appraisal process is 

implemented at the individual project level. Some of the SA tools applied in individual 

projects are described in section 2.8.4.  

2.8.3 Sustainability assessment tools 

A wide range of sustainability assessment tools has been developed over the recent 

decades, which were applied in national to regional development projects or micro-scale 

product based industrial units. Development and application of the sustainability 

assessment tools have been evolving, providing better methods, application guidance, 

data, and application for case studies. Several sustainability assessment tools can now be 

classified according to their key characteristics and applicability. Based on three factors 

- the temporal characteristics, coverage area and integration of nature -society system, 

Ness et al. (2007) have categorized some of the sustainability assessment tools into three 

distinct classes - indicators and indices, product-related assessment, and integrated 

assessment (Fig. 2.8).  The ‘indicator and indices’ type sustainability assessment tools are 

based on measurable indicators representing the state of social, economic and/or 

environmental development of a region/ country. The resulting aggregates of indicators 
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form index value that may determine the status of sustainability. The ‘indicator and 

indices’ type sustainability assessment tools can be sub-categorized under non-integrated, 

regional flow indicators and integrated tools. Continuous measurement of indicators and 

calculating indices allows for tracking of long-term sustainability trend. The second group 

of sustainability assessment tools consists of product-related assessment tools which 

mainly focus on the flows in relation to production and consumption of goods and 

services. Life cycle assessment, life cycle costing, material flow analysis and energy flow 

analysis are the major sub-groups under this category (Ness et al., 2007).  

The third group of sustainability assessment tools is integrated assessment tools, which 

are mainly used for decision making for national/ global policies or projects at local level. 

Most of the integrated assessment tools are based on system analysis approaches and 

integrated the complex natural, economic and social aspects of the policies or projects. 

Conceptual modelling and system dynamics, multi-criteria analysis, risk analysis, 

vulnerability analysis, benefit-cost analysis, and impact assessment tools are under the 

integrated assessment group. These tools are not only applied to complex environmental 

problems but also applied to a variety of interdisciplinary problems. Among the integrated 

assessment tools, multi-criteria analysis (MCA) tools give greater flexibility for 

incorporating a variety of qualitative and quantitative data for evaluation criteria and 

making optimal decisions (Ness et al., 2007). MCA tools have been commonly applied 

in the assessment of complex environmental problems such as flood control policies for 

Netherlands (Brouwer & van Ek, 2004), and for designing energy and environmental 

policies (Greening & Bernow, 2004).   
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Life cycle 
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Environmental 
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UNCDS 58 

Economy-wide Material 

Flow Analysis 

Substance Flow Analysis 

Input-Output Energy 
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Regional Emergy 
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Indicator and ASEW 

Adjusted Net Savings 
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Environmental 
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Human Development 
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Life Cycle Cost 
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Analysis 
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Analysis 
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Assessment 

 

Conceptual Modelling 

System Dynamics 

Multi-Criteria Analysis 
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Uncertainty Analysis 

Vulnerability Analysis 

Cost Benefit Analysis 

Temporal focus 

Retrospective Prospective 

Monetary Evaluation: Contingent Valuation, Travel Cost, Hedonic Pricing, Avoided Cost, Replacement Cost, Factor Income 

Figure 2.8: Classification of sustainability assessment tools. The monetary valuation tools 

(bottom) are used when monetary valuations are needed in the above tools. The boxed with thick 

boundary lines indicates these tools are capable of integrating nature–society systems into single 

evaluation (adopted from Ness et al., 2007) 
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 The impact assessment tools under the integrated assessment group focus on evaluating 

the potential impacts of the policies and projects. Environmental impact assessment 

(EIA), and strategic environmental assessment (SEA) tools were developed for assessing 

environmental impacts of policies or project with less focus on social and economic 

aspects. A further improved comprehensive tool of sustainability impact assessment 

(SIA) has been introduced by the European Union to integrate all the aspects of social, 

economic and environmental components of projects. The SIA tool is now applied to all 

major initiatives of the European Commission (Ness et al., 2007). 

 

2.8.4 Assessing sustainable development at project level 

A continual effort is underway to develop appropriate sustainability assessment (SA) 

tools for assessing projects so that the overall goal of sustainable development can be 

linked throughout the macro, meso and micro-levels. In Western Australia, Varey (2004) 

has proposed a conceptual model for integrated sustainability assessment (ISA) based on 

sustainability principles and aimed at forming an integral part of the policy and decision-

making process. It combines 20 key components into a simple one page “thinking tool” 

(Table 2.1) to assess development proposals submitted to local government councils. This 

tool has been developed for use in an individual or group exercise municipal executives 

and managers responsible for development proposals and public works at the local level. 

This tool has been designed to reflect the psycho-dynamics involved in the integration of 

conflicting components.  

Project specific criteria under various dimensions of sustainability are integrated into this 

tool with respect to fundamental sustainability principles of inter-generational and intra-

generational equity. These are rated individually and then added up for a total score. The 

project may be selected or rejected based on the net benefit and impacts compared to 

thresholds set out for the particular project. The completed assessment results may be 

presented in a single poster sized page spreadsheet with multiple subcomponents, or in a 

detailed sustainability report with fully integrated EIA field and technical evaluations, or 

alternatively in experts’ evaluation reports including extensive community consultation 

data and processes. The testing of the ISA model in 12 development proposals of a diverse 

range showed that each element has a significant impact on the outcome of the assessment 

process, as the omission of one or more element gives different outcomes.  
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Table 2.1: ‘Thinking Tool’ for sustainability assessment of development proposals 

(Varey, 2004) 

Issue: Outcome: 

Economic 

Principles 

Required 

criteria: 

Proposal: 

 

 

 

 

 

Timeframe: 

 

 

No Decision 

Alternative: 

Benefit Impact Score 

Here Now Here Now   

There 

 

Then There Then   

Social 

Principles 

 Here 

 

Now Here Now   

There 

 

Then There Then   

Environment

al Principles 

 Here 

 

Now Here Now   

There 

 

Then There Then   

Ethical 

Principles 

 Here 

 

Now Here Now   

There 

 

Then There Then   

NOTES:   

  

 

Sustainability appraisal tools for large infrastructure development projects are yet to be 

widely applied. Ugwu et al. (2006a) have proposed an analytical decision model and a 

structured methodology for sustainability appraisal in infrastructure projects (SUSAIP). 

The SA process includes a “weighted sum model” technique in multi-criteria decision 

analysis (MCDA) and the “additive utility model” in the analytical hierarchical process 

(AHP) for multi-criteria decision making to develop the model. Key performance 

indicators (KPIs) were encapsulated within the analytical model. The procedures for 

evaluating the sustainability of different alternative design concepts involves three main 

steps: (i) determining the relevant applicable criteria and alternative design options, (ii) 

assigning numerical values (i.e., weights) to measure the relative importance of these 

criteria for a given project and geographical (i.e., country specific) context, and (iii) 

processing the numerical values (i.e., computational analysis) to determine the 

“sustainability index” and ranking of alternative design options along the various main 

sustainability indicators. The general sustainability appraisal decision matrix applied in 

this method is given in Table 2.2.  
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Table 2.2: Sustainability appraisal decision matrix (Ugwu et al., 2006a) 

Design 

Alternative 

(options) 

Sustainability criteria 

Sc1 Sc2 Sc3 Sc4 ScN 

W1 W2 W3 W4 WN 

D1 d1,1 d1,2 d1,3 d1,4 d1,N 

D2 d2,1 d2,2 d2,3 d2,4 d2,N 

D3 d3,1 d3,2 d3,3 d3,4 d3,N 

DM dM,1 dM,2 dM,3 dM,4 dM,N 

Key: Sci – Sustainability criteria i, Wi – Weight assigned to Sci, Di – Design option i, di,j 

– user assigned utility (scalar value) that measures the performance of  Di on a given Sci. 

 

The sustainability index (SIi) of alternative Di was calculated using the following formula 

adapted from the seminal works of Fishburn (1967) 

 

 

The SUSAIP framework has been applied in a case study of a bridge project in Hong 

Kong Special Administrative Region (HKSAR) to decide on the best alternative design 

options considering sustainability criteria as mentioned above (Ugwu et al., 2006b). 

Nevertheless, the SUSAIP framework only gives a better way of choosing options that 

have a good score of sustainability indicators, without guaranteeing whether the better 

options will truly be sustainable for present and future generation. In other words, it does 

not reflect whether the sustained performance of the chosen option can be achieved over 

the lifetime of the project. This is the same challenge faced by flood control projects as 

future factors affecting use and thus suitability is unpredictable. 

2.8.5 Sustainability assessment of flood control projects 

Flood control projects usually create a direct intervention in the natural floodplain 

ecosystem and provide benefits to the society and economy by enhancing protection from 

floods. Permanent infrastructures constructed within the flood control projects alter and 

govern the land use in floodplains for a long time. This affects development activities on 

spatial and temporal scales, tending to attract a larger population. In such contexts, these 

projects are of great concern to sustainable development at all levels. Therefore, 

sustainability appraisal of flood control projects is essential and paramount to the 

conventional planning process.  
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Although the physical infrastructure associated with flood control projects (e.g. levees, 

dams, floodwalls) look similar to other infrastructure (e.g. roads, bridges), the objectives 

and planning considerations of these kinds of projects are very different. So, the need for 

a sustainability appraisal approach specifically for flood control projects should be 

recognised. As mentioned earlier, the UK government has recently adopted a particular 

sustainability appraisal approach encompassing both flood and coastal erosion risk 

management (DEFRA, 2007a), which was based on SA guidance for the regional and 

local authorities of United Kingdom (ODPM, 2005). This approach involves the 

following the basic steps: 

Stage A: Setting the context and objectives, establishing the baseline and deciding on the 

scope 

Stage B: Developing and refining options 

Stage C: Appraising the effects of the plan 

Stage D: Consulting on the plan and the SA report 

Stage E: Monitoring implementation of the plan 

DEFRA (2007a) urged that SA should be an integral part of the planning, implementation 

and monitoring of the projects. This SA should focus on three main aspects – the scale 

(local to national), the process (how it is integrated into project planning and 

implementation), and the indicators (that provide an audit trail across the dimensions of 

sustainable development). 

As a case study, the SA approach, developed by DEFRA (2007a), was applied to some 

flood alleviation schemes by the Moray Flood Alleviation Group for Forres,  near the 

coast of northern Scotland. This involved several stages during the development of an 

individual scheme to ensure that project sustainability is maximised. These stages are: 

feasibility, option appraisal, Design Stage 1, Design Stage 2, construction and post-

construction (DEFRA, 2007b). This SA process has been used to evaluate the options of 

Forres Scheme under the Moray Flood Alleviation programme. Three potential options 

were selected from a wide range of alternatives. These three were the diversion of flood 

flows, flood walls and embankments, and flood storage and embankments. The SA tool 

was applied to three preliminary stages - feasibility, option appraisal and Design Stage 1. 

The cumulative scores of the sustainability indicators and the overall ranking of the three 

options suggested that Option 3 (flood storage) would be most sustainable.  Options 1 and 
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2 lower scores were fairly similar and were low due to their impact on the landscape and 

character of Forres. The SA was carried out along with several other performance 

indicator assessments such as environmental impact, operation and maintenance, health 

and safety, and cost risk evaluation. The options were ranked under each performance 

criteria to decide upon the best one (Table 2.3). Again, this appraisal showed that Option 

3 proved to be the preferred alternative (DEFRA, 2007a).  

 

Table 2.3: Performance criteria ranking for Foress flood alleviation scheme (DEFRA, 

2007b) 

Description 
Option 1 

Channel Diversion 

Option 2 

Walls and 

Embankments 

Option 3 

Flood Storage 

Appraisal ranking 

Environmental ranking 3 2 1 

Sustainability ranking 2 3 1 

Operation ranking 2 1 3 

Maintenance ranking 2 1 3 

H & S ranking 2 3 1 

Cost / risk evaluation 2 3 1 

 

A further SA with the same indicators was undertaken at Design Stage 1. This assessment 

explored a number of opportunities that were not identified during the options appraisal 

stage. The higher score when these additional opportunities were evaluated and 

incorporated into the SA of the previously identified opportunities in the scheme resulted 

in a higher score in Design stage 1. These opportunities then provided a benchmark score 

which can be used for comparison in future sustainability assessments. 

Analysing the positive and negative aspects of the above SA process applied in the Forres 

case, the following conclusions can be made: 

 This process is ideal for assessing a number of alternative options against one 

another to determine the one that has the most potential for sustainable 

development. 

 However, there is no mechanism to determine if the highest ranked scheme is truly 

sustainable. 

 It provides a systematic approach to the sustainability assessment of a project that 

can feed into the design of that project. 
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 The process may not be consistent during assessments at the later stages of the 

same project, because of the subjective nature of the assessment. If a new team is 

engaged, then the outcome of the assessment may be different.  

 This process may lead to a trade-off between environmental, social and economic 

issues. 

 The sustainability tool is used along with several other key performance indicator 

tools such as environmental impact and cost evaluation. This may lead to the 

overlapping of some elements and double counting at a higher level, as well as 

within the sustainability tool’s application. 

 

2.9 SUMMARY  

In summary, it can be noted that, although the needs for sustainable development of 

floodplains and sustainability issues are incorporated in policy and plans, few initiatives 

have been taken to address these concerns and these were only at the national and regional 

program level, but not at the individual project level. Some scientists have proposed 

various sustainability appraisal approaches to address such sustainability issues in the 

planning of infrastructure development projects. Among these, a well-focussed 

sustainability appraisal approach for the planning of flood control projects has been 

proposed by DEFRA (2007a,b). However, it has several limitations. 

Overall, it seems that the sustainability appraisal approaches applied at the project level 

are aimed at the selection of the best option by evaluating alternatives with respect to 

sustainability indicators. These approaches do not link the contribution of the overall 

outcome of the project to the regional and national levels of sustainable development. 

Every project has one main objective, like a better communication system for the society 

(e.g. a road project), improving the natural ecosystem (e.g. a river/ wetland conservation 

project), and reducing flood risk while maintaining the floodplain ecosystem (e.g. a flood 

control project). Each is linked to regional development. Depending on the overall major 

objective of the project, whether the project will contribute chiefly to the environmental, 

social, or economic dimension of regional sustainable development can be assessed. 

Further, the currently available SA approaches do not examine whether the project will 

generate a sustained outcome (or fulfill objectives) over the project life. Another issue to 

be considered in long term sustainability assessment is the probable transformation of the 

objectives and outcome of the project throughout the project’s life. 



43 

Flood mitigation projects, having crucial impacts on the sustainable development of the 

floodplains, need to be assessed properly whether they are providing sustainable 

outcomes throughout the project life cycle, not only during the planning and 

implementation stages. As mentioned above, currently available sustainability appraisal 

approaches for individual projects (flood mitigation or other infrastructure projects) have 

limited application up to planning stage, not throughout the project life cycle. These 

approaches cannot the assess the impact of the project on the long-term sustainable 

development of the project area.  Therefore, a new innovative sustainability appraisal 

approach is required for flood mitigation projects which can assess the contribution of the 

project for sustained flood risk reduction as well as the project’s impact on the sustainable 

development of the project affected floodplain throughout the project life cycle.  
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CHAPTER 3: APPROACH AND METHODOLOGY 

 

3.1 OVERALL APPROACH 

The study has been carried out using a mixed approach consisting of both qualitative and 

quantitative research methods. In Chapter 2 the relevant literature has been reviewed to 

define the research objectives and methods of study more specifically. Two flood control 

projects have been selected as case studies from two regional councils in Australia. The 

study has been conducted in these major steps to achieve its objectives as identified in 

Section 1.3–  

(a) Define the planning and implementation process of flood control projects through 

reviewing previous literature on flood control principles and projects as well as 

collecting primary data from case study projects. 

(b) Identify sustainability issues in flood control projects and linkage to the sustainable 

development of floodplains through reviewing the relevant literature and previous 

studies. 

(c) Develop a decision support framework for assessing the sustainability of flood 

control projects through a literature review, consultation with experts, and case 

studies. 

(d) Apply the decision support framework for sustainability assessment of the selected 

case study projects in different stages of their life cycle. 

A detailed methodology for the research covering the major steps is provided in the 

following sections and illustrated in Fig. 3.1. 

 

3.2 DETAIL METHODOLOGY 

3.2.1 Defining Scope of the research 

An extensive literature review was carried out to find out the research gaps and to define 

the objectives and determine the significance of the research. Also, academics, 

professional experts and officials involved in a flood risk management project in different 

local government authorities in Australia (e.g. Gold Coast City Council, Lockyer Valley 

Regional Council, Moreton Bay Regional Council,) and those in the Brisbane river 

catchment study project and from institutions in other countries (e.g. Bangladesh) were 

consulted to define the scope of research and its relevance in flood risk management. 
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Figure 3.1: Detail methodology 

3.2.2 Methodology designing  

A detailed methodology and tools were identified through review of similar research and 

consultation with supervisors. Along with published journal articles, government policies 

and project management guidelines applied in different countries (the USA, the UK, 

Bangladesh and Australia) were used to design the methodology for different steps of this 

research. In particular, various sustainability assessment approaches and tools were 

reviewed to determine the possible methodological steps for developing a decision 

support framework for sustainability assessment of flood control projects. The methods 

applied in the various steps of the research are described in the following sections. 

Defining Scope of the research 

(identify research gaps, defining 

objectives and significance) 

Methodology designing  

(defining detail methodology and 

tools, selection of case study) 

 Determining socio-economic and 

environmental elements  

at flood risk  

 

Identification of 

sustainability issues in 

flood control projects 

Development of a framework for assessing 

sustainability of flood control projects 

Defining linkage to the 

sustainable development 

of floodplains 

Application of the framework in case 

study projects 

Thesis writing and submission 

Reviewing project management 

cycle and assessment studies for 

flood control projects 
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3.2.3 Selection of case study flood mitigation projects 

Two flood control projects – “Laidley Township Flood Mitigation Project (Narda Lagoon 

Levee)” of the Lockyer Valley Regional Council and “Dale Street Flood Mitigation 

Project” of the Moreton Bay Regional Council in Queensland, Australia (Figs. 5.1 and 

5.3) were selected as case studies for this research. Planning and implementation the 

Narda Lagoon levee was completed in 2014 and the Dale Street project was completed in 

2016. These case studies were selected after considering several factors such as the 

availability of information, the interest of the government authorities, the location, the 

contrast of one rural and one urban setting, the diversity in flood vulnerable elements and 

the extent of multi-stakeholder engagement. Primary and secondary data collected on 

these projects were used in the different steps of this research. Details of the case study 

projects are illustrated in Chapter 5. 

3.2.4 Determining socio-economic and environmental elements at flood risk 

The relevant literature and previous studies on flood control projects were reviewed to 

identify the socio-economic and environmental elements that are linked to flood risk and 

its management. For the case study project, the characteristics of flooding (causes and 

extent) and its impacts were analysed using secondary information collected from the 

relevant regional councils. Also, historical changes in the social and environmental 

aspects of flood prone areas were reviewed to determine their long term variability due 

to flood risk reduction measures in the case study sites. Secondary data on land use and 

socio-economic activities in the case study sites were collected from the regional councils 

and through flood study reports of the two selected case study projects. Also, several field 

visits were carried out in the project sites in the period 2014-2016 (Fig. 3.2) to validate 

the information gathered from the reports. Findings from these activities were used in 

developing the framework. 
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(a) Field visit at Narda Lagoon Levee project, Laidley, LVRC on 7th October 2015 

   

(b) Field visit at Dale Street Flood Mitigation project, Burpengary, MBRC on 15th December 

2015 

Figure 3.2: Field visit to the case study sites 

3.2.5 Identification of sustainability issues in flood control projects 

The sustainability issues in the flood control projects were identified through reviewing 

the relevant literature and previous studies on flood control projects. In addition, several 

consultation meetings with experts from the Lockyer Valley Regional Council (LVRC) 

and Moreton Bay Regional Council (MBRC) were conducted to explore the sustainability 

issues particularly related to these case study projects. Effects of the flood control projects 

were analysed to determine the spatial (within and outside the project area) and temporal 

(short and long term) impacts of the projects. These exercises are an effective way to 

determine the sustainability issues in flood control projects that need to be addressed in 

the sustainability assessment framework.   

 

3.2.6 Defining linkage to the sustainable development of floodplains 

Regional floodplain development policies and plans of different types of floodplains in 

Australia and other countries were reviewed to establish linkage to the objectives of the 

flood control projects. This involved in depth review and analysis of national policies of 

Australia, Queensland state policies and local government plans. Such documents 

included the Sustainable Australia Report 2013: Conversations with the Future (National 

Sustainability Council, 2013), the Queensland Plan: Queenslanders’ 30-year vision 

(Queensland Government, 2014a), Planning for Stronger, more Resilient Floodplains 

(Queensland Reconstruction Authority (QRA) ,2012), and the local disaster management 

plan of the LVRC and MBRC, were carried out. The case study projects and development 
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plans of these regional councils were reviewed in depth to establish linkages. Further, 

consultation with project officials of the two councils revealed the practical implications 

of the national and state policies for the case study flood mitigation projects. A detailed 

outline of such policies and plans and their linkage to the flood mitigation projects and 

sustainable development of floodplains is presented in Chapter 5. 

3.2.7 Reviewing project management cycle and assessment studies for flood control 

projects 

The project management stages for planning and implementation of flood control projects 

and the different types of assessment studies (e.g. feasibility study, flood study) 

undertaken for the case study projects collected from the LVRC and MBRC were 

reviewed. The project officials were consulted to learn how they used the study findings 

in decision making and project implementation and what sustainability considerations 

were taken into account in the project. 

3.2.8 Development of a framework for assessing sustainability of flood control projects 

A preliminary conceptual framework for the sustainability assessment of flood control 

projects was developed in line with the project management cycle, based on a review of 

the relevant literature and country specific guidelines. This framework was further 

improved through consultation with experts and project officials related to the flood 

control projects in both case study sites.  

One of the major tasks was to determine the sustainability indicators that should be used 

in the sustainability assessment using the framework. A preliminary list of sustainability 

indicators was made from the available literature and the project documents. Then a 

questionnaire survey was carried out to gain experts’ opinions on prioritizing and 

selecting the most suitable indicators (see questionnaire in Appendix-1). 15 experts 

working on flood management issues in local councils and consulting firms and research 

institutes in Australia responded. The list of sustainability indicators was then finalized. 

A detailed procedure for implementing the decision support framework was developed at 

this stage, which is explained in Chapter 4.   

3.2.9 Application of the framework in case study projects  

The decision support framework for sustainability assessment was applied to the two case 

study projects. The flood study reports, flood risk assessment, project planning and design 

documents, and other relevant studies of the Laidley flood mitigation project (Narda 
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Lagoon levee) (LVRC) and Dale Street flood mitigation project (MBRC) were collected 

and relevant data were obtained. Since both the projects were completed recently, we 

have implemented the framework with the available data up to the post-construction stage 

of the project (Stage 2 of the framework).  

3.3 SUMMARY 

This chapter presents the overall approach and detail methodology of the thesis. 

Reviewing literature and consultation with experts were carried out to define the scope of 

the research, designing methodology and selection of two case study projects. The socio-

economic and environmental elements at flood risk were determined through literature 

review and case study of the two flood mitigation projects – Dale Street flood mitigation 

project and Narda Lagoon levee project. Then, the sustainability issues for flood 

mitigation projects were identified and linked to the sustainable development goals of 

floodplains. The project management cycle and assessment studies for flood mitigation 

projects were reviewed to determine the current practices and gaps in addressing 

sustainability issues in the planning process. The preliminary decision support framework 

for sustainability assessment of flood mitigation project has been developed including the 

sustainability indicators and computation process through literature review and 

consultation with experts. The list of sustainability indicators has been finalized through 

a questionnaire survey of experts. Finally, the decision support framework has been 

applied for sustainability assessment of two case study flood mitigation projects. All the 

analysis and results of the research are presented in this thesis. 
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CHAPTER 4: DEVELOPMENT OF DECISION SUPPORT 

FRAMEWORK FOR SUSTAINABILITY ASSESSMENT  

 

4.1 INTRODUCTION 

Usually, a flood study, flood risk management study and feasibility study are carried out 

to decide on flood mitigation options (e.g. a levee, dam, flood retention basins etc.). This 

is followed by the planning and implementation of the project. We have considered the 

situation where a levee project is selected as a flood mitigation option in the floodplain. 

For reasons explained in earlier chapters, in particular the literature review, sustainability 

issues related to the floodplain should be incorporated into the planning and 

implementation of the levee project. This chapter describes the conceptual decision 

support framework for sustainability assessment of flood control projects. When 

sustainability issues of flood control projects in different stages of the project 

management cycle have been integrated into the framework, this will facilitate better 

decision making for sustainable development of the floodplain. The process of 

implementing the framework in the various project stages is also explained. 

4.2 SCOPE OF THE SUSTAINABILITY ASSESSMENT FRAMEWORK 

As mentioned earlier, flood control projects constitute a major part of flood risk 

management in the floodplains. This research focuses exclusively on flood control 

projects and does not attempt to go beyond that. This study’s sustainability assessment 

framework for flood control projects has been developed within the following scopes: 

 Focuses on two main aspects of flood control projects – sustained flood risk 

reduction and contribution to sustainable development of floodplain/ region. 

 Applies to assess flood control structures (e.g. levees/ embankments) and ancillary 

works.  

 Considers all the environmental, social and economic elements in the project 

impacted area, emphasizing all dimensions of sustainability proportionately in 

terms of their importance. 

 Considers policy and institutional aspects related to flood control projects. 

 Links to other flood risk reduction projects with similar objectives as well as 

sustainable development objectives of the floodplain and the region.  
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 Includes components of sustainability assessment for all stages of the project (from 

planning to implementation, post-implementation periodic monitoring and 

evaluation, during a flood event, and during modification). 

 Supports modification of objectives and evolution of indicators (i.e. adding a new 

indicator or removing a prior indicator of assessment/evaluation) in different stages 

of the project in both short and long term perspectives. 

4.3 THE DECISION SUPPORT FRAMEWORK (DSF) FOR SUSTAINABILITY 

ASSESSMENT OF FLOOD MITIGATION PROJECTS AND THE 

IMPLEMENTATION PROCESS  

The major sustainability issues in flood mitigation projects could be sustained flood 

mitigation, environmental, social, economic, policy and institutional aspects (Carter et 

al., 2009). Some of these have been considered in the planning of flood mitigation projects 

in recent years in the name of strategic environmental assessment (SEA), EIA and SIA 

(Varey, 2004). These types of assessments clearly highlight the sustainability concerns of 

flood mitigation projects, how long the project can provide sustained flood risk reduction 

to the area and whether the project can enhance the sustainable development of the area 

or not (DLPE, 2000; IBWC, 2007).  

Considering these sustainability assessment aspects, this proposed decision support 

framework for sustainability assessment of flood mitigation projects has been developed 

with two major focuses: 1) sustained flood risk reduction by the project and, 2) enabling 

of sustainable development of the floodplain. The proposed framework has been 

illustrated in Figure 4.1, which includes components of sustainability assessment at each 

stage of the project as discussed below. This framework would be applicable to assess the 

flood mitigation projects (e.g. levees) in riverine and coastal floodplains. It considers all 

the environmental, social, and economic elements in the project impacted area, and 

emphasizes them proportionately according to their importance. The framework supports 

the transformation of objectives and revision of indicators at different stages of the project 

life cycle.  



 

52 

Figure 4.1: Overall layout of the DSF for sustainability assessment of flood mitigation 

projects 
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Stage 1: Contextualising the project 

At the beginning of the sustainability assessment, we need to contextualize the flood 

mitigation projects within the floodplain and their linkage to regional development 

programs. Several studies conducted at the initial stage of the project such as the flood 

risk management study including hydrological and morphological impacts, project 

feasibility study, EIA and SIA can be useful for characterizing the flooding pattern and 

potential impacts of the project (e.g. vulnerable population, flood damage) in the 

floodplain. The proportion of total flood risk reduction by the proposed flood mitigation 

project should be determined as well (Smith, 2013). The uncertainties in the flood events, 

impacts and flood risk estimation should be taken into account while determining the 

specific flood characteristics and impacts to be considered for the proposed alternatives 

of the project (Olbrich et al., 2009; Su & Tung, 2014). Regional floodplain development 

policies and plans should be reviewed to define the sustainable development objectives, 

indicators and targets for the region; and these should be related to the main objective of 

the proposed project. Also, the potential for future development in the project area such 

as an urban township, agriculture should be identified. Further, the policy and institutional 

provisions required for planning, implementation and operation of the project should be 

identified as well. All the above information will help to determine the status of the 

proposed project with respect to how much flood risk reduction it can provide, and how 

much it can contribute to the sustainable development of the floodplain. 

In addition, a comprehensive list of criteria and indicators for SA of the project throughout 

the life cycle should be aligned under two sustainability objectives – sustained flood risk 

reduction and contribution to sustainable development of the floodplain. In this study, a 

list of important SA criteria and indicators has been developed (Table 4.1) through 

verification with the existing literature, case studies of two levee projects in Australia, 

data availability for the indicators, and consultation with experts. Detail process of 

selecting suitable indicators from a large group of indicators is discussed in the Chapter 

6. National/ state sustainable development objectives and indicators were given special 

emphasis to link the project to regional sustainable development. The achievable 

reference or target value of each indicator should be set at this stage as well, so that the 

effect of the project on the indicators can be compared quantitatively or qualitatively 

(Tugnoli et al., 2008). Each indicator can have target value in the form of lowest to highest 

limit, and the range can be sub-categorized into one of five classes: highly positive 
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impact, positive impact, neutral, negative impact and highly negative impact. Then, a 

score of 1 to 5 can be assigned to each indicator according to its impact on the project. 

The scoring would help to generate ordinal numerical values that facilitate aggregation 

and simplification of the assessment of both the quantitative and qualitative values of 

parameters (Gafsi & Favreau, 2013). A generic form of scoring the indicators is given in 

Table 4.2. The selected indicators at this stage should be used for determining the 

sustainability index (SI) for the proposed project in the next stages of sustainability 

assessment. 

Stage 2: SA in planning and implementation stage 

The actual process of sustainability assessment of the flood mitigation project will start 

from this stage. Sustainability assessment, at this stage, can be sub-divided into three 

important phases of the project life cycle (Figure 4.1) as explained below. 

Table 4.1: Sustainability assessment criteria and indicators 

Sl. Sustainability criteria and indicators Measuring parameter 

Linked to 

national/state 

sustainable 

development 

Objective 1: Sustainable flood risk reduction  

Criteria-A. Flooding characteristics change   

A1 Design Flood Level  ARI (e.g. 1:50, 1:100)  

A2 Change of flood level and velocity outside project area in future Increase/ Decrease (% of flooded 

area) 

 

A3 Create new type of flooding (by different causes) in future (e.g. 

due to heavy rainfall instead of river overflow) 

Yes / No  

A4 Change of river morphology due to sedimentation Change of river bed level (m)  

Criteria-B. Flood damage reduction  

B1 Reduction of damage to critical infrastructures (e.g. 

hospital/clinic, police, fire service, educational institutes, etc.) 

Rehabilitation cost saved ($) X 

B2 Reduction of residential property damage Value of properties saved ($) X 

B3 Reduction of damage to roads and railways Rehabilitation cost saved ($) X 

B4 Reduction of damage to utility services (water, power, etc.) Rehabilitation cost saved ($) X 

B5 Reduction of agricultural damage Value of agri-production saved ($) X 

B6 Reduction of commercial/ industrial damage Value of production ($) X 

Objective 2: Contribution to sustainable development of the floodplain   

Criteria-C. Environmental improvement (in the project area)  

C1 Extent of land used for the levee construction Area (km2) X 

C2 Use of natural landform to manage flooding in the project area % of total project area  

C3 Loss (or enhancement) of floodplain habitat (aquatic and 

terrestrial)  

Area (km2) X 
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Sl. Sustainability criteria and indicators Measuring parameter 

Linked to 

national/state 

sustainable 

development 

C4 Creation of new landscape feature other than the levee (e.g. park/ 

walkway) 

Area (km2)  

C5 Diversion of natural water flow from the flood channel m3/s  

Criteria-D. Social affairs (in the project area)  

D1 Safety of life No. of flood victims (death) X 

D2 Displacement of people due to levee project No. of people  

D3 Highly vulnerable population (Child, elderly and autistic) % of total population X 

D4 Community preparedness for floods % of HH taken preventive measures X 

D5 Acceptance by the stakeholders No. of complaints/ conflict raised  

D6 Population growth  % per year X 

D7 Property development areas Total area of properties (km2) X 

Criteria-E. Economy (in the project area)  

E1 Project life cycle cost Total amount (Million $)  

E2 Resettlement cost of people Total amount ($)  

E3 Agricultural production Value of production ($) in flood 

season per year 

X 

E4 Commercial/industrial production Value of production ($) X 

E5 Share of funds from local government % of total project life cycle cost  

E6 Contribution of local community to O&M cost % of total O&M cost  

Criteria-F. Policy and institutions (in the region)  

F1 Existence of updated regional and local flood mitigation plan and 

planning scheme  

Yes / No  

F2 Ensured community participation Yes / No X 

F3 Engagement of local professionals in both project implementing 

agency and the contractors 

% of staffs  

F4 Separate institutional unit for the project Yes / No  

F5 Engagement of local contractors % of total work  

 

Table 4.2: Setting target value and score for each indicator  

Sustainability 

indicators (Ij) 

Value of parameter due 

to impact of a project 

design option (Li) 

Target value range 

at baseline scenario 

Class of 

impact 

Score for a project 

design option (Li) 

I1 Imp(I1) Tb1 C1 Li,1 

I2 Imp(I2) Tb2 C2 Li,2 

I3 Imp(I3) Tb3 C3 Li,3 

In Imp(In) Tbn Cn Li,n 

Note: j = 1, 2, 3,….n;   

C1…, Cn = one of the five impact classes (highly positive, positive, neutral, negative, and highly negative) 

Li,1,.., Li,n = a value between 1 to 5 depending on the class of impact. 
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a. Planning and design phase:  

Usually in the planning and design phase, various design options are evaluated 

considering economic, social, and environmental aspects, and the best alternative design 

option is selected. Integrating all those aspects, a sustainability assessment of each design 

option should be carried out using the indicators selected in the previous stage. Every 

sustainability indicator should be attributed with both spatial (local and regional) and 

temporal (inter- and intra-generational) aspects of sustainable development. The SI for 

each alternative design option should be determined using multi-criteria analysis (MCA) 

techniques (Edjossan-Sossou et al., 2014; Ness et al., 2007) integrating the sustainability 

indicators.  

The process of sustainability assessment of the design alternatives includes three major 

steps: (a) determining the relevant indicators commonly applicable to all the alternative 

design options, (b) assigning a numerical weightage value to each indicator to measure 

the relative importance of the indicators for achieving the sustainability objectives, and 

(c) computational analysis to determine the SI for each alternative, and ranking of the 

alternatives. The numerical representation of the sustainability assessment decision 

matrix is given in Table 4.3 showing the weightage of indicators for various alternative 

design options.  

The sustainability index (SIi) of alternative Li will be estimated using the following 

formula adapted from the seminal works of Fishburn (1967).  

SIi = ∑ 𝑙𝑖𝑗 𝑊𝑗
𝑛
1    (here, i = 1, 2, 3….. m;   j = 1, 2, 3……n) 

 

The design alternative with the highest SI score will be chosen as the best suitable design 

option. In addition, the minimum and maximum scores of the SI for the chosen best option 

should be determined as limits of SI for the project. The assessment results can be 

presented graphically as shown in Figure 4.2. The baseline situation of the chosen best 

design and its positive and negative impacts should be determined in this phase, which 

will help to monitor the achievement of the project in future. 
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Table 4.3: Decision matrix for sustainability assessment of a levee project  

Alternative 

design options 

for proposed 

levee 

Sustainability indicators 

I1 I2 I3 In 

W1 W2 W3 Wn 

L1 l1,1 l1,2 l1,3 l1,n 

L2 l2,1 l2,2 l2,3 l2,n 

Lm lm,1 lm,2 lm,3 lm,n 

Note: Ij – Sustainability indicator j, Wi – Weight assigned to Ij, Li – Levee design option i,  

li,j – user assigned utility (scalar value) that measures the performance of Li to achieve/ maintain target of a given Ij. 

 

 

 

(a) SI of alternatives comparing                (b) Spider diagram showing alternatives 

     with minimum and maximum SI               and the sustainability criteria 

 

Figure 4.2: Conceptual representation of sustainability index of alternative design 

options   

 

Note that, in the sustainability assessment process, the internal uncertainties related to 

subjective human judgement for weighing and scoring the indicators should be analysed 

to examine on the possible variation and reliability of estimation of SI score for the project 

design alternatives (Su & Tung, 2014). In addition, sensitivity analysis should be 

performed for assessing the influence of the indicators to the final SI scores (Edjossan-

Sossou et al., 2014). These analyses will help the planners to choose the better alternative 

design with higher confidence. 
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b. Construction phase:  

In the construction phase, there should only be monitoring of whether the sustainability 

indicators are in compliance with the SA in the planning phase. The execution of 

environmental and social management plans should be monitored as well, since these 

management plans can greatly influence the sustainability of the project. This compliance 

and the achievement of the project design targets should be reported. If any changes occur 

in the sustainability indicator targets because of any modification of the project design, 

that should be recorded. 

c. Commissioning phase:  

Sustainability assessment is important in the commission stage because many things can 

change within or outside the project during implementation, particularly for large 

projects. Socio–political and administrative changes may greatly influence the project 

implementation. At present, project completion reports are usually prepared showing the 

‘design as constructed’ and some operation and maintenance guidelines. No detailed 

review or further study is usually done after completion of the project to compare the 

variation with assessment results found in the planning phase. A detailed post-

implementation review of the project needs to be done to specify the finally constructed 

design, and to determine their influence on the sustainability indicators. Residual flood 

risks of the project in case of worst case scenarios like flooding higher than the design 

flood level or failure of the existing levee (by various mechanisms) and its impact on 

sustainability indicators should also be assessed.  

The sustainability indicators used in the planning phase may need to be revised if there is 

any modification of the project or a greater understanding of them is reached during 

construction of the project (Table 4.4). New indicators may be added or existing 

indicators may be removed. The target and scores for sustainability indicators determined 

in the planning phase (e.g. Tbn, Lm,n) need to be adjusted in the post construction phase 

(e.g. Tpn, PLm,n), which could mean they are equal or different to the values set in the 

planning phase. The sustainability index should be re-estimated with the adjusted 

indicators and scores in the post-construction phase (SIi at post cons), thus these may also 

vary from the sustainability index at the planning phase (SIi at planning) (Table 4). 

Ideally, it is expected that the SIi at post construction should be greater than the SIi at 

planning phase, as the implementing agency should have the intention to enhance the 

sustainability aspects of the project during its implementation. The finally established 
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sustainability indicators at the commissioning phase will be used for further SA in the 

project operation phase (i.e. during a flood event, at periodic assessment) and at the time 

of modification or changing to a new project (Figure 4.1).  

Table 4.4: Sustainability index (SI) in planning and post-construction phase 

SA indicators Weightage 

Target & Score in 

planning phase 

 Target & Score in post-

construction review phase* 

Target Score  Target Score 

I1 W1 Tb1 lm,1  Tp1 Plm,1 

I2 W2 Tb2 lm,2  Tp2 Plm,2 

I3 W3 Tb3 lm,3  Tp3 Ppm,3 

In Wn Tbn lm,n  Tpn Plm,n 

In+1 (new 

indicator, if any) 

Wn+1    Tp n+1 Plm, (n+1) 

  SIi (at planning phase)  SIi (at post-construction phase) 

Note:  * New indicators may be added to the SA indicator’s list. 

Tp1, Tp2,….Tp n+1: Adjusted target value of indicators in post-construction phase 

Plm,1, Plm,2,….., Plm, (n+1): Adjusted  score of indicators in post-construction phase 

 

Stage 3: SA during flood event  

As the actual performance of the flood mitigation project can be observed during a flood 

event, sustainability assessment should be conducted during such an event starting from 

the beginning to end of the flood. Presently, only the engineering performance of the 

flood mitigation structures (e.g. levee and ancillary structures) is assessed in terms of 

whether they need repair or improvement. However, SA considering all sustainability 

aspects can give more details of the project performance. The assessment should evaluate 

the performance of the project during a flood event with respect to targets of sustainability 

indicators, mainly flood risk reduction (how much damage was avoided) as well as the 

performance of mitigation measures undertaken to minimize negative environmental and 

social impacts of the project. This will act as monitoring of the project’s sustainability. 

This assessment will provide a statement of the performance of the project compared to 

the assessment done in the planning and post-construction phase. Sustainability indicators 

may need to be adjusted incorporating new or modified indicators into the SA process, 

considering additional benefits and negative impacts of the project observed during flood. 

Based on this assessment, additional enhancement and mitigation measures may be 

included in the project. 
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Stage 4: SA at periodic intervals 

As with periodic monitoring of the project regardless of a flood event, sustainability 

assessment should be carried out at regular intervals, usually at every five years or ten 

years matching with the regional development planning cycle. This is because the 

regional development plan will influence the land use and economic activities in the 

project area in future. Therefore, in the periodic assessment, how much risk reduction is 

provided by the project should be estimated. In addition, the positive and negative impacts 

of the project and changes of environmental, social, and economic issues in the floodplain 

including the project area (e.g. trend of changing economic activities such as fisheries to 

agriculture to industrialization, value of properties) should be assessed. It is also 

important to determine whether the project has facilitated creation of new types of risk 

(e.g. pollution, internal drainage congestion) in the project area. This periodic SA should 

deliver a comparative statement of the performance of the project with respect to the SA 

results in the post-construction phase, and, if required, adjust sustainability indicators 

based on the impacts observed. It may also suggest revision of the objectives and target 

of the project, linking it to upgraded sustainable development objectives of regional 

development plans, if needed. 

Stage 5: SA at the stage of modification/ changing to new project 

The flood mitigation project may be modified because of failure of the structures or 

upgrading to withstand extreme flooding. In such case, the sustainability assessment 

process can again begin from Stages 2 to 4. Often, the current project may be transformed 

to serve multiple purposes, for instance transforming a levee project to road with levee 

project. Consequently, the original objectives of the project set in the planning and 

implementation phase will be changed.  This stage of the project could be defined as a 

‘transition point’ to a new project. The project might have a further contribution to flood 

mitigation and sustainable development of the floodplain. In this case, the SA should be 

done starting from Stage 1 and continuing to Stage 4 inclusive as if considering a new 

project.   

 

4.4 DISCUSSION AND CONCLUSIONS 

Decision making for achieving sustainability at the project level is not merely a one-time 

exercise (as done in the planning phase for most plans and projects); rather it should be a 

continuous process throughout the life of a project (DEFRA, 2007a). Currently available 
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sustainability assessment approaches have focused on choosing the best suitable 

alternative strategies or project design with the most positive impact on the 

environmental, social, and economic dimensions of sustainable development, without 

detailing further whether the selected alternative could be really sustainable or not 

(DEFRA, 2007a,b). To overcome these limitations, the proposed decision support 

framework for sustainability assessment has been developed considering the whole life 

cycle of a flood mitigation project. The framework can be integrated easily into present 

project management practices. A similar approach was attempted by DEFRA (2007a,b), 

however, that was only developed up to the planning phase of flood control schemes.  

This study has delineated the sustainability assessment process for every stage of the life 

cycle of flood mitigation projects, which can assist planners to evaluate the flood 

mitigation projects throughout their lives as to their compliance with sustainable flood 

management. As of current practices, the performance of the flood mitigation projects is 

evaluated based on the level of flood prevention as per construction design (Environment 

Agency, 2010; State Government of Victoria, 2015), without looking into its influence 

on the environmental and socio-economic condition of the floodplains. The values of 

sustainability indicators and sustainability index obtained in different stages of the 

proposed framework can not only provide information on how the project is giving 

sustained flood mitigation service itself but also indicate how the project is contributing 

to the sustainable development of the region for present and future generations. The 

impacts of the project on flood mitigation as well as environmental and socio-economic 

development in the floodplain will be clearly determined and will help the planners/ 

policy makers in taking decisions for further improvement of the floodplain with a great 

deal of confidence. In addition, since the framework includes continuous assessment 

process throughout the project life, the information produced in every stage of assessment 

will help both present and future generation to rectify any project deficiency and develop 

adaptive flood mitigation measures in the floodplain for ensuring sustainable 

development and improving community resilience to flood risk. 

This framework has adopted an indicator-based multi-criteria analysis (MCA) method for 

determining the sustainability index (SI) for the project, as similar methods applied by 

many researchers (Edjossan-Sossou et al., 2014; Ness et al., 2007). The set of indicators 

identified in this study could be different for different projects based on where a project 

is located and what political and social system plays a role in the project. Similarly, the 
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weightage and score for indicators are case specific, subject to change by the decision 

makers (Mitchell, 1996). This proposed framework does not necessarily provide the best 

set of indicators and criteria, but rather a credible set which could readily be used by 

decision makers. No methodological framework for this kind of multi-criteria based 

decision making can capture all the complex relationships of the social, environmental, 

and economic dimensions and all possible project impacts (Helming et al., 2011; 

Edjossan-Sossou et al., 2014). Therefore, this study proposes a prototype framework that 

includes simple calculations for planners through an easily accessible conceptual 

approach. It is up to the decision makers how they will fit in the project purpose and link 

to sustainable development through incorporating appropriate criteria and indicators. 

Careful selection of indicators, weightage and score would enhance the reliability and 

acceptance of the sustainability assessment results. Sensitivity analysis of the weightage 

and scores of indicators should be performed as well (Edjossan-Sossou et al., 2014), 

addressing uncertainty of the system dynamics (Olbrich et al., 2009).  

This methodological framework can be aided by a GIS-based computer program to make 

it user friendly. Although the proposed framework is developed for the levee projects, it 

can be introduced to all types of structural and non-structural flood mitigation projects. 

This framework can even be developed further for projects like road infrastructure, power 

development and other works.  
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CHAPTER 5: CASE STUDY OF FLOOD MITIGATION 

PROJECTS 

 

5.1 INTRODUCTION 

Two flood mitigation projects - ‘Laidley Township Flood Mitigation Project (Narda 

Lagoon Levee) of Lockyer Valley Regional Council (LVRC) and ‘Dale Street Flood 

Mitigation Project’ of Moreton Bay Regional Council (MBRC) were selected as case 

studies for this research. Detailed information on the baseline situation, project 

components, flood risks, sustainability issues and policies related to the projects are 

described in this chapter. The sustainability indicators related to the projects are also 

presented here. 

5.2 LOCATION OF THE PROJECTS 

The ‘Dale Street Flood Mitigation Project’ is located within the Moreton Bay Region 

Council area at Dale Street, Burpengary, approximately 1.5 km west of the Bruce 

Highway and 35 km north of the Brisbane city centre (Figs. 5.1 and 5.2). This levee has 

been constructed in the Burpengary Creek floodplain to prevent flooding from the creek. 

The ‘Laidley Township Flood Mitigation Project (Narda Lagoon Levee)’ is located along 

the eastern edge of Narda Lagoon at the town of Laidley within the Lockyer Valley 

Regional Council area, approximately 20 km east of the Gatton town centre and 80 km 

west of the Brisbane city centre (Figs. 5.3 and 5.4).   
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Figure 5.1: Location and general layout plan of Dale Street flood mitigation project 

 

 

  

Figure 5.2: View of the Dale Street flood mitigation project, Burpengary, Moreton Bay 
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Figure 5.3: Location and general layout plan of Narda Lagoon levee, Laidley, Lockyer 

Valley 

 

  

Figure 5.4: View of Narda Lagoon levee, Laidley, Lockyer Valley 

 

5.3 FLOOD RISKS IN THE PROJECT AREA 

5.3.1 Dale Street project area 

The residences and adjoining areas along Dale Street are located within the Burpengary 

Creek floodplain and are subject to frequent flooding. In recent years, the area was 

affected by minor to moderate flood events (20% - 5% AEP) almost every year, with 

major floods (2% - 1% AEP) in 2009, 2011 and 2015 (Fig. 5.5). Flash flooding with high 
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water depth and velocity typically occurs in the area. Residents receive relatively short 

notice of flood warnings, with the time ranging from 2 to 4 hours, and flood inundation 

lasts for 4 to 15 hours, isolating the residences for up to 17 hours because of cutting access 

to the roads and properties (MBRC, 2015).  

 

 

Figure 5.5: Historic floods at Dale Street, Burpengary (MBRC, 2015) 

The project area covers about 87,500 m2 (potentially affected by 100 yr (1% AEP) flood), 

where 62 residential properties were located before project implementation. Of these 62 

properties, 38 were subject to above floor flooding.   Other than properties, roads and 

utility services are also affected by flooding, which requires additional maintenance cost. 

And, importantly, residents require evacuation several times in flood season, which adds 

cost and inconvenience to them. With the aim of reducing the flood damage and 

inconvenience of residents, the Moreton Bay Regional Council took on the flood 

mitigation project in 2014 with partial financial support from the Queensland government 

and the Australian federal government (MBRC, 2015). 

5.3.2 Narda Lagoon project area 

The Laidley (Narda Lagoon levee) project area, mainly comprising a rural residential and 

agricultural landscape, has also experienced high flooding in the last few decades, notably 

in 1996, 2001 and 2011 (Fig. 5.6). Floodwaters of Laidley Creek cause flooding in this 

area and this affects properties, a preschool/childcare centre, roads and open spaces. Flood 

water remains for 3 to 15 hours period in peak flood season. About 34 properties are 

directly affected by above floor flooding in any major flood event (1% AEP or greater). 

9.25 m - Minor flood (road access cut) 

10 m - Moderate flood (inundate ground floor) 

10.4 m - Major flood (substantial inundation of GF) 



67 

Open spaces are also affected by flood flows. Although floodwater does not cut off any 

major roads, access to the flood affected properties becomes limited. Most importantly, 

inundation of the preschool/childcare centre is of great concern in the area. 

 

 

Figure 5.6: Historic floods at Narda Lagoon, Laidley (LVRC, 2014) 

 

5.4 MAJOR COMPONENTS OF THE PROJECTS AND IMPLEMENTATION 

TIMELINE 

5.4.1 Dale Street flood mitigation project 

The Dale Street flood mitigation project included construction of a levee about 740 m 

long with floodplain excavation, acquisition and demolition of 13 flood prone properties 

along Dale Street to enable levee construction, and partial acquisition of one property on 

O’Brien Road for the same purpose. The levee was designed as a mainly earthen structure 

with 175 m of concrete wall on the southwestern end. The levee was designed to prevent 

a 20 year ARI (5% AEP) flood with an additional 600 mm freeboard (that can prevent a 

50 year ARI (2% AEP) flood), with a maximum height of 2.4 m above the natural ground. 

Drainage from the local catchment was channelled through two detention basins and two 

unidirectional culverts. The levee has been constructed utilizing the soil excavated from 

the adjacent compensatory cut area in the floodplain. A 50 year life was considered for 

calculating the cost and benefit of the project. The general layout plan of the project is 

shown in Figure 5.1 (MBRC, 2015).  

The Dale Street levee project was conceptualized in 1993 after the 1991 flood, but it was 

not implemented due to its considered high cost and low benefit-cost ratio. Frequent 

major flooding in recent years (2009, 2011 and 2013) triggered the necessity of the 

project. In 2013, the council decided to construct the levee. With the help of federal 
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government, state government and the council’s own funds, the final planning and 

implementation of the levee was completed in approximately two years between April 

2014 and February 2016.    

5.4.2 Narda Lagoon levee project 

The Narda Lagoon levee is a component of broader Laidley flood mitigation projects. 

The project consists of an earth levee about 410 m long with a paved surface on the crest. 

One drainage culvert (unidirectional) is included to allow storm drainage from Hope 

Street to Narda Lagoon. An automatic irrigation pump is set up to water the levee’s soil 

surface to maintain soil moisture throughout the year. Service trenches for water, 

electricity and telecommunication lines were included along the top part of the levee. A 

general layout of the project is shown in Figure 5.3. The levee was designed to prevent a 

0.2% AEP regional flood with a maximum height of about 2 m above ground. The 

planning and implementation of the Narda Lagoon levee project took about two years 

from February 2013 to December 2014 (LVRC, 2015). 

  

5.5 POSSIBLE FLOOD RISK REDUCTION BY THE PROJECT 

5.5.1 Dale Street flood mitigation project 

The flood modelling results show that, within the 100 year ARI flood prone area, the 

levee project would eliminate flooding in most of the properties to be affected by 20 year 

ARI flood events, and only 5 to11 properties out of 62 remaining vulnerable to flooding 

from a 50 year ARI to 100 year ARI flood event in Burpengary Creek (Fig. 5.7 and 

Appendix-2: Figure A2-1). In addition, the inconvenience for the residents of evacuation 

during a flood or during repairing flood damage will be reduced. The cost of repairing 

houses, roads and utilities will be reduced or eliminated. For flood events larger than a 50 

year ARI, there will no longer be the high velocity flood water flowing down Dale Street. 

The flooding will be much more controlled, rising from the detention basin located in the 

levee spillway and draining back down through the two unidirectional culverts under the 

levee. Further, the project will allow a slow rising of floodwater and increased evacuation 

time for higher flood than the levee design level. It will improve the emergency 

evacuation and disaster management system in the area. Overall, the project will 

contribute to ensuring the safety and wellbeing of residents in the area (MBRC, 2015). 
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Figure 5.7: Potential flood affected areas with and without the Dale Street levee project  

5.5.2 Narda Lagoon levee project 

Based on the flood study conducted by LVRC (2015), figure 5.8 shows the potential flood 

affected areas with and without the Narda Lagoon levee project at 1% AEP and 0.2% 

AEP flood event. According to the analysis of the flood scenario maps, about 183,100 m2 

area of the floodplain on the eastern side of Narda Lagoon will be affected by the Narda 

Lagoon levee project. The levee will eliminate flooding in the area of about 94,000 m2 

(51%) out of 182,100 m2 area affected by 0.2% AEP regional flooding (Fig. 5.8 and 

Appendix-2: Figure A2-2). The Narda Lagoon levee will eliminate flood risk to about 15 

properties out of 34 properties in the area for up to 0.2% AEP regional flood event, and 

will reduce peak flood level in the adjacent residential areas. The damage to the roads 

will also be reduced, and accessibility to the roads during flood will be improved. About 

1525 m (53%) road out of 2860 m road will be flood free (Fig. 5.8 and Appendix-2: Figure 

A2-2). The preschool childcare centre and the community will be benefited by the levee 

project. 
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Figure 5.8: Potential flood affected areas with and without the Narda Lagoon levee 

project  
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5.6 MAJOR ACTIVITIES AND STAKEHOLDERS RELATED TO THE 

PROJECTS 

As a preliminary step, activities and stakeholder were identified for both case study 

projects as well as limitations. This included the major activities, expected outputs, 

responsible institutes, and target users at planning, implementation and operation of the 

flood mitigation projects. These are summarized in Tables 5.1 and 5.2. Both projects share 

similar activities at the various life cycle stages. Both local councils are supported by the 

state and national government agencies, and consultants for the planning and 

implementation of the projects. There was a limitation of flood modelling for the local 

catchments due to the unavailability of sufficient records at the local level for both 

projects, therefore flood risk assessment was based on regional flood data. In both cases, 

although environmental and socio-economic impact analysis was considered in the 

planning stage, post-construction performance monitoring of the levees focuses on the 

structures only. The lack of proper guidelines for planning, implementation and long term 

monitoring of the flood mitigation projects was highlighted by both councils. 
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Table 5.1: Analysis of activities and stakeholders related to Dale Street flood mitigation (levee) project of MBRC 

 
Major activities 

(what are the activities needed 

to complete this stage) 

Key focus 

(what are the key focus 

essential at this stage) 

Responsible 

institutions 

(who are responsible 

for what activities) 

Expected outputs 

(what are the outputs 

necessary for proceeding to 

next steps) 

Target users of the 

outputs 

(who will use the 

outputs) 

Limitations 

(of studies, information, policy 

and institutions that could not 

be covered in this stage) 

Stage 1: Contextualising the project 

 Burpengary creek flood 

mitigation study (AWE, 

April 1993) 

 Types of flood risk 

reduction options 

Moreton Bay 

Regional Council 

(with the help of 

consultants) 

 

 Potential flood depth in 

different return periods 

 Risk elements  

 Risk in monetary value 

(annual average damages) 

 Suitable flood control 

measures in different 

locations 

 (Dale street levee was 

selected as one of suitable 

options.) 

 Preliminary design and 

costs 

 Moreton Bay 

Regional Council 

 Dept. of Local 

Government, 

Community 

Recovery and 

Resilience 

(Queensland 

government) 

 Local community 

 Researchers/ 

academics 

 Commonwealth 

government of 

Australia - 

Department of 

Infrastructure and 

Regional 

Development 

 Insurance Council 

of Australia 

 Preliminary design based on 

ALS rather than detailed 

ground survey 

 No local catchment flooding 

analysed 

 Intangible benefit-costs cannot 

be defined. 

 

 Regional Floodplain 

Database: Hydrologic and 

Hydraulic Modelling - 

Burpengary Creek (BUR) 

(November 2012) 

 Flood characteristics 

 Estimation of flood risk  

 Types of flood risk 

reduction options 

 “Dale street bund flood 

mitigation assessment and 

preliminary design”  report, 

(July 2013)  

 Types of flood risk 

reduction options 

 Conceptual design of 

mitigation options (levee 

and drainage network) 

 Business case  Benefit-cost and impact 

analysis of mitigation 

options (including 

environmental and social 

impacts) 

 Regional/ floodplain 

development policies, plans, 

guidelines and institutions 

 Compliance with policy, 

act and regulations  

Stage 2: Planning and implementation of the project 

 Funding applications and 

project approval and budget 

allocation (July 2013 – June 

2016) 

 Geotechnical investigation 

 Sufficient funding 

obtained 

 Defining alignment of 

levee 

 Moreton Bay 

Regional Council 

(with the help of 

consultants and 

contractors) 

 Final alignment and design 

specification of the levee 

 Cost estimate, funding 

arrangement, and 

 Moreton Bay 

Regional Council 

 Queensland 

government 

 Intangible benefit-costs cannot 

be defined. 

 Design immunity assumes 

concurrent critical local 

catchment flooding with 
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Major activities 

(what are the activities needed 

to complete this stage) 

Key focus 

(what are the key focus 

essential at this stage) 

Responsible 

institutions 

(who are responsible 

for what activities) 

Expected outputs 

(what are the outputs 

necessary for proceeding to 

next steps) 

Target users of the 

outputs 

(who will use the 

outputs) 

Limitations 

(of studies, information, policy 

and institutions that could not 

be covered in this stage) 

 Detail survey of the location 

for the Dale street levee 

project  

 Property acquisition 

 Detail design of the levee 

and associated works 

 Estimation of construction 

costs using detailed design 

(ability to update benefit-

cost) 

 Benefit of the levee and 

potential flood risk 

reduction 

 Appointment of consultants 

and construction contractor 

 Development application 

 Specification of levee 

structure and associated 

works 

 Analysis of flood risk 

reduction by the levee 

 Flood impact assessment 

(to comply with Category 

2 levee requirements) 

 Development approval  

 Operation and 

maintenance manual 

 Funding by 

MBRC and QLD 

and Federal Govt. 

specifications for 

contractors 

 Operation and maintenance 

manual 

 Construction and 

Environmental 

Management Plan 

 Level of potential risk 

reduction by the levee i.e 

design immunity level (5% 

AEP) 

 Residual risk determined 

with respect to events 

greater than the design 

immunity event 

 Federal 

government 

 Local community 

 Researchers/ 

academics 

critical Burpengary Creek 

flooding (could be more 

conservative than a Monte 

Carlo approach).  

 

 Construction of the levee 

 Monitoring of construction 

activities 

 Post-construction 

verification and 

certification 

 Construction of the levee 

structure according to 

design 

 The completed levee 

structure and associated 

works 

 Construction report with 

final ASCON data and 

specifications 

 Extended parkland area for 

the community 

 Due to cost constraints the 

native re-vegetation was 

undertaken with juvenile 

plants 

 

Stage 3: During flood event  

 Performance assessment 

during and post flood 

 Ensure levee and 

associated flood mitigation 

works perform as expected 

and in accordance with 

detailed design 

assessments 

Moreton Bay 

Regional Council 

(with the help of 

consultants) 

 Identify any performance 

issues and repair 

requirements 

Moreton Bay 

Regional Council and 

consultants 

 Performance assessment 

requirements are not clearly 

defined or sufficiently 

detailed in available 

guidelines 
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Major activities 

(what are the activities needed 

to complete this stage) 

Key focus 

(what are the key focus 

essential at this stage) 

Responsible 

institutions 

(who are responsible 

for what activities) 

Expected outputs 

(what are the outputs 

necessary for proceeding to 

next steps) 

Target users of the 

outputs 

(who will use the 

outputs) 

Limitations 

(of studies, information, policy 

and institutions that could not 

be covered in this stage) 

Stage 4: Periodic Assessment 

 Ongoing inspections and 

maintenance of levee and 

associated flood mitigation 

works 

 Ensure levee and 

associated flood mitigation 

works are maintained and 

continue to perform as 

expected and in 

accordance with detailed 

design assessments 

Moreton Bay 

Regional Council 

(with the help of 

consultants) 

 Identify additional 

maintenance or repair 

requirements 

Moreton Bay 

Regional Council and 

consultants 

 Assessment requirements are 

not clearly defined or 

sufficiently detailed in 

available guidelines 

Stage 5: Modification of existing works 

 Improvements to parkland, 

catchment protection, 

improved riparian linkage, 

improved bank stability 

 Enhancing parkland and 

ecological functions 

 Moreton Bay 

Regional Council 

(with the help of 

consultants and 

contractors) 

 Parkland and ecological 

improvements eg 

footpaths, further native re-

vegetation and ecological 

restoration planting 

 Community and 

native fauna 

 Original design and flood 

mitigation objective must be 

maintained 
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Table 5.2: Analysis of activities and stakeholders related to Laidley flood mitigation (Narda Lagoon levee) project of LVRC 

 
Major activities 

(what are the activities needed 

to complete this stage) 

Key focus 

(what are the key focus 

essential at this stage) 

Responsible 

institutions 

(who are responsible 

for what activities) 

Expected outputs 

(what are the outputs 

necessary for proceeding to 

next steps) 

Target users of the 

outputs 

(who will use the 

outputs) 

Limitations 

(of studies, information, policy 

and institutions that could not be 

covered in this stage) 

Stage 1: Contextualising the project 

 Natural hazards risk 

assessment for LVRC (2012) 

 Identification of at risk 

communities 

Lockyer Valley 

Regional Council 

(with the help of 

consultants) 

 

 Potential flood depth in 

different return periods 

 Risk elements  

 Risk in monetary value 

 Suitable flood control 

measures in different 

locations 

 (Narda Lagoon levee was 

selected as one of suitable 

options.) 

 Lockyer Valley 

Regional Council 

 Dept. of State 

development, 

Infrastructure and 

Planning (DSDIP), 

Queensland 

government 

 Local community 

 Researchers/ 

academics 

 Australian Rainfall 

& Runoff 

 Commonwealth 

government of 

Australia 

 

 

 

 

Normal limits associated with 

flood modelling, overall 

protection scheme project had 

not been completed, questions 

on the reliability of AR &R 

return/design periods for Laidley 

Creek 

 Regional Flood study 

(Lockyer Creek Flood Risk 

Management Study, 2014) 

 Flood characteristics 

 Estimation of flood risk  

 Types of flood risk 

reduction options 

 Laidley town flood 

protection scheme-phase 1 

(2014) (includes Narda 

Lagoon levee and Laidley 

drainage project) 

 Laidley Main Drain Project 

(Dec 2014)  

 South East Laidley Flooding 

and Drainage Investigation 

(2010) 

 Types of flood risk 

reduction options 

 Conceptual design of 

mitigation options (levee 

and drainage network) 

 Benefit-cost and impact 

analysis of mitigation 

options (including 

environmental and social 

impacts) 

 Regional/ floodplain 

development policies, plans, 

guidelines and institutions 

Compliance with policy, act 

and regulations * 

 

Stage 2: Planning and implementation of the project 

 Detail survey of the location 

of Narda levee project  

 Detail design of the levee 

 Estimation of economic 

benefit-cost of the levee and 

potential risk reduction 

 Defining alignment of 

levee 

 Specification of levee 

structure 

 Understanding /Analysis 

of flood risk reduction by 

the levee 

 Lockyer Valley 

Regional Council 

(with the help of 

consultants and 

contractors) 

 Funding by LVRC 

and QLD Govt. 

 Final alignment and design 

specification of the levee 

 Cost estimate, funding 

arrangement, and 

specifications for 

contractors 

 Lockyer Valley 

Regional Council 

 Queensland 

government 

 Local community 

 Level of potential risk 

reduction by the levee and 

residual risk with respect to 

worst case scenario are not 

defined properly. Because this 

levee is part of the overall 
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Major activities 

(what are the activities needed 

to complete this stage) 

Key focus 

(what are the key focus 

essential at this stage) 

Responsible 

institutions 

(who are responsible 

for what activities) 

Expected outputs 

(what are the outputs 

necessary for proceeding to 

next steps) 

Target users of the 

outputs 

(who will use the 

outputs) 

Limitations 

(of studies, information, policy 

and institutions that could not be 

covered in this stage) 

 Project approval and budget 

allocation 

 Appointment of contractor 

 

 Sufficient fuds 

 Land available 

 Contractor 

 Geotech and civil 

engineers 

 Level of potential risk 

reduction by the levee 

 Residual risk with respect 

to worst case scenario 

 Researchers/ 

academics 

Asset owners within 

council. 

 Beneficiaries of 

asset. 

flood mitigation scheme in the 

area. 

 Post-construction assessment 

is not done. 

 Abilities of certifying 

engineer, verity of records, test 

results and the design 

 Construction of the levee 

 Monitoring of construction 

activities 

 Post-construction 

verification and 

certification 

 Construction of the levee 

structure according to 

design 

 Abilities of certifying 

engineer, verity of records 

system, test methodology 

and the design 

 The completed levee 

structure 

 Construction report with 

final design and 

specifications 

Stage 3: During flood event  

 Performance assessment 

during and post flood 

Levee serviceable before & 

during  event, observation of 

performance  during and 

after event  

Lockyer Valley 

Regional Council 

(with the help of 

consultants) 

Understanding of 

performance of asset to 

inform improvements and 

associated future assets 

Asset owners within 

council. 

Beneficiaries of asset. 

Each event is different in terms 

of warning and 

loadings/operations, service 

standards for maintenance, 

availability of key staff during 

and after events 

      

Stage 4: Periodic Assessment 

 Ongoing inspections and 

maintenance of levee and 

associated flood mitigation 

works 

Formal compilation of asset 

maintenance plan 

Lockyer Valley 

Regional Council 

(with the help of 

consultants) 

asset maintenance plan Asset owners within 

council. 

Beneficiaries of asset. 

service standards for 

maintenance and resource 

constraints 

      

Stage 5: Modification/ changing to new project 

 There is a chance of 

modifying the project to 

recreational area, which 

would change the project  

objective and potential 

flood risk in the area. No 

Low maintenance, safety 

both configuration and visual 

Lockyer Valley 

Regional Council 

(with the help of 

consultants) 

Planning process within 

Laidley Town flood 

protection scheme and local 

landuse planning.  

Community consultation  

Local and regional 

community 

Lack of funding for planning or 

execution, detailed design phase 

for LTPS not yet undertaken, re-

assessment of AR & R design 

events. 
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Major activities 

(what are the activities needed 

to complete this stage) 

Key focus 

(what are the key focus 

essential at this stage) 

Responsible 

institutions 

(who are responsible 

for what activities) 

Expected outputs 

(what are the outputs 

necessary for proceeding to 

next steps) 

Target users of the 

outputs 

(who will use the 

outputs) 

Limitations 

(of studies, information, policy 

and institutions that could not be 

covered in this stage) 

guideline for modification 

of project 
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5.7 POLICY AND GUIDELINES RELATED TO THE TWO CASE STUDY 

PROJECTS 

The major national, state and local policies and guidelines related to the case study 

projects were reviewed to identify the significance of the policies and guidelines that 

govern the planning and implementation of flood mitigation projects. A summary of the 

findings is presented in Table 5.3. It appears that, although most of the national and state 

policies urged for disaster resilient community development, the policies and guidelines 

directly related to flood mitigation levee projects have only been adopted by Queensland 

and other states in recent years (2014 – 2015) following the major flood events in 2010-

11 and 2013. Local government agencies, who are major players of implementing flood 

mitigation projects, require more specific technical and planning guidelines that will help 

them for the long term planning and management of flood mitigation projects. 

Table 5.3: Significance of policies and guidelines to the flood mitigation projects 

Policies and guidelines Significance to the flood mitigation projects 

Local government (councils) 

Community Plan (2011 – 

2021) of MBRC (MBRC, 

2011);  

Community plan of LVRC 

2012-22 (LVRC, 2011) 

Flood mitigation projects are related to Target-12 of 

MBRC’s community plan which states “increase the 

resilience of communities and businesses to a 

disaster”; under “Strengthening communities” theme. 

The LVRC’s community plan particularly 

emphasizes on “Ensuring the Planning Scheme takes 

into consideration flood and flood planning in 

relation to development and land use” and 

“Developing a planned approach to building 

community’s environmental, economic, 

infrastructure, social and disaster resilience in 

relation to disaster management and planning” under 

‘Lockyer Planned: Working together for well-

planned and connected communities’ theme. 

Corporate Plan (2012-2017) of 

MBRC (MBRC, 2012); 

Corporate plan of LVRC 2012-

17 (LVRC, 2012);  

The MBRC’s corporate Plan includes disaster 

management services; the planning, preparation, 

response and recovery activities for community 

disaster events. 

The LVRC’s corporate plant states that the council 

will develop plan for the relocation of communities 

that are vulnerable to disasters such as flooding. In 

addition, the council will develop the Temporary 

Local Planning Instrument (TLPI) to prevent and 

control development in flood zones. 

MBRC Local Disaster 

Management Plan 2013 

(MBRC, 2013); 

These planning documents highlight the roles and 

responsibilities of the local government for disaster 

management (prevention, preparedness, response and 
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Policies and guidelines Significance to the flood mitigation projects 

LVRC Local Disaster 

Management Plan 2014 

(LVRC, 2014) 

 

recovery). Flood management issues in Lockyer 

valley and Moreton Bay are duly emphasized. 

State government (Queensland, Australia) and other states 

Guidelines for the construction 

or modification of category 1, 

2 and 3 levees, Queensland 

(DNRM, 2014a,b)  

 

These guidelines provide the basis for assessing the 

levees based on their potential impacts and approval 

from local or state government. 

Planning for stronger, more 

resilient 

floodplains(Queensland 

Reconstruction Authority 

(QRA), 2012) 

The QRA report identifies ‘Prepare’ as one of the four 

key pillars of disaster resilience, which is the “taking 

of preventative measures to reduce the likelihood of 

an event occurring, or if an event occurs, to reduce 

the severity of the event”. 

Water Act 2000 & Water 

Regulation 2002 (Queensland 

Government, 2000, 2002) 

These act and regulation require that the new levees 

should be assessed according to the parameters 

defined by the laws for different levels of assessment. 

The levee assessment is performed using the ‘State 

Development Assessment Provisions’ under 

the ‘Sustainable Planning Act 2009’. 

The Queensland Plan: 

Queenslanders’ 30-year vision 

(Queensland Government, 

2014a) 

This long term vision aims that  

- Queensland will be well planned with the right 

infrastructure in the right places, to support a 

population that has grown across every region. 

- Queensland will be the greatest state in which to 

live, work and play, and guardian of a sustainable 

natural environment that inspires an active 

lifestyle and supports healthy communities. 

These aims are indirectly linked to flood risk 

reduction in the state. 

State Planning Policy 2014 

(Queensland Government, 

2014b) 

The State Planning Policy 2014 emphasises the state 

interest—natural hazards, risk and resilience, i.e., the 

risks associated with natural hazards (particularly 

flood) are avoided or mitigated to protect people and 

property and enhance the community’s resilience to 

natural hazards.  

Queensland Strategy for 

Disaster Resilience 2013  

(Queensland Government, 

2013) 

This strategy document has especially emphasized on 

reduction of risk to the built environment (goal 4). 

The outcomes of the goal 4 of the strategy are –  

“ 

 Integrated, reliable and regular reports on the 

impact of a disaster and progress of recovery 

and reconstruction phases, and the forward 

program of works are provided. 

 Identification of the acceptable and non-

acceptable consequences for infrastructure 

due to a disaster. 
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Policies and guidelines Significance to the flood mitigation projects 

 Consideration of building design, the 

expected longevity (and continued operation) 

of the building before, during and after a 

disaster.” 

 

Levee Management Guidelines 

of Victoria Government (State 

Government of Victoria, 2015) 

This guideline provides detail planning and 

management activities required for levee projects. 

Although this guideline is developed by Victoria state 

government, other state and local government 

agencies can follow the guideline according to their 

project context. 

Royalties for Regions, the 

Local Government Floods 

Response Subsidy and the 

Natural 

Disaster Resilience Program of 

Queensland Government  

(Wenger, 2015) 

These programmes provide fund for the flood 

mitigation projects in Queensland.  

National Government (Commonwealth of Australia)  

National strategy for disaster 

resilience  (Council of 

Australian Governments, 

2011) 

The strategy suggests that ‘Reducing risks in the built 

environment’ would one of the key action to build 

resilient community. For doing so, one of the key 

priority areas is “Settlements, businesses and 

infrastructure are, as far as is practicable, not exposed 

to unreasonable risks from hazards or have 

implemented suitable arrangements, which may 

include hardening infrastructure or taking up 

adequate insurance, to protect life and property from 

known hazard”. 

Sustainable Australia Report 

2013: Conversations with the 

Future – In Brief 

(National Sustainability 

Council, 2013) 

And  

Sustainable Australia – 

Sustainable Communities: A 

Sustainable Population 

Strategy for Australia, 

(Commonwealth of Australia, 

2011) 

These two national policy report defined some of the 

sustainability indicators in terms of security of 

human, managing natural capital (water resources) 

and developing resilient economic capital 

(infrastructures). These indicators can be directly or 

indirectly linked to flood mitigation projects. 

Managing the floodplain: a 

guide to best practice in flood 

risk management in Australia, 

Australian Attorney-General’s 

Department (AAGD), 

Handbook 7 (AAGD, 2013) 

This guideline provides overall flood risk 

management strategies and options that are suitable 

in Australian contexts. 
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CHAPTER 6: APPLICATION OF THE SUSTAINABILITY 

ASSESSMENT FRAMEWORK 

 

6.1  INTRODUCTION 

This chapter presents the application of the sustainability assessment framework to the 

case study project. First, detailed descriptions of the selected sustainability indicators 

suitable for sustainability assessment of flood mitigation projects are provided. Then, the 

detailed analysis of the application of the sustainability assessment framework to the 

various life cycle stages of the two flood mitigation projects is described. The last section 

discusses the application of the framework with respect to theoretical and practical 

implications.  

6.2 SUSTAINABILITY INDICATORS FOR FLOOD MITIGATION PROJECTS 

The sustainability assessment framework for flood mitigation projects is primarily 

founded on indicator based assessment of the project status with respect to sustainable 

development objectives of the floodplain. Therefore, selection of suitable sustainability 

indicators was one of the major tasks of the study. A thorough review of relevant literature 

and the case study projects provided a preliminary list of possible sustainability indicators 

for flood mitigation projects (Appendix – 3: Table A3- 1). 69 preliminarily selected 

indicators were categorized under two sustainability objectives (Objective 1: sustainable 

flood risk reduction and Objective 2: contribution to sustainable development of the 

floodplain) and seven criteria. The preliminary indicator list was then narrowed down to 

41 by ignoring the less important indicators. Experts’ opinions were sought on these 41 

indicators to select the most suitable and important indicators applicable for sustainability 

assessment of flood mitigation projects. The ranking of these indicators by these experts 

is presented in Table A3-2 of Appendix –3. Based on this ranking, finally, 34 indicators 

were selected as suitable for use in the sustainability assessment of flood mitigation 

projects (Table 6.1). Some of the indicators can be used for sustainability assessment in 

all stages of the project life cycle, others cannot. Table 6.1 indicates the suitability of the 

indicators for different stages of the project. A brief description of the indicators and their 

significance is given in the following section. 

6.2.1 Sustainability indicators related to flood characteristics change 

The flood characteristics in the floodplain are important depending on the type of flood 

mitigation project. For achieving the objective of sustainable flood risk reduction, it is 
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crucial which flood level would be prevented by the project, and whether the project 

would create new flood risk inside or outside the project area in the long term or not 

(Wamsler, 2004; Luino et al., 2012). Considering these issues, the sustainability 

indicators related to change in flood characteristics were selected: design flood level, 

change of flood level outside the project area in the future, creation of a new type of 

flooding in the future and the change of river morphology due to sedimentation (Table 

6.1). These indicators will show the possible impact of the project on flooding 

characteristics in the floodplain.   

For a large flood mitigation project, there could be the possibility of creating new 

channels in the river system or floodway in the long term due to changes in the river 

morphology. This type of situation rarely occurs, therefore the indicator for measuring 

changes of floodway (A5 in Table A3-2 of Appendix –3) is not included in the final 

selected list of indicators (Table 6.1).  

Table 6.1: Finally selected sustainability indicators  

Sl.  
Sustainability criteria 

and indicators 
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Objective 1: Sustainable flood risk reduction 

Criteria-A. Flooding characteristics change   

A1 Design Flood Level  ARI (e.g. 1:50, 1:100) x  x x x x  

A2 

Change of flood level 

outside project area in 

future 

Increase/ Decrease (% 

of flooded area) 

x  x x x x 

 

A3 

Create new type of 

flooding (by different 

causes) in future (e.g. 

due to heavy rainfall 

instead of river 

overflow) 

Yes / No (/likelihood) 

x  x x x x 

 

A4 

Change  of river 

morphology due to 

sedimentation 

Change of river bed 

level (m) 

x  x x x x 

 

Criteria-B. Flood damage reduction  
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Sl.  
Sustainability criteria 

and indicators 
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B1 

Reduction of damage to 

critical infrastructures 

(e.g. hospital/clinic, 

police, fire service, 

educational institutes, 

etc.) 

Rehabilitation cost 

saved ($) / % of 

expected damage due 

to the Probable Max 

Flood 

x  x x x x x 

B2 
Reduction of residential 

property damage 

Value of properties 

saved ($) / % of 

expected damage due 

to the Probable Max 

Flood 

x  x x x x x 

B3 

Reduction of damage to 

roads and railways (road 

repair and clean up cost) 

Rehabilitation cost 

saved ($) / % of 

expected damage due 

to the Probable Max 

Flood 

x  x x x x x 

B4 

Reduction of damage to 

utility services (water, 

power, etc.) 

Rehabilitation cost 

saved ($) / % of 

expected damage due 

to the Probable Max 

Flood 

x  x x x x x 

B5 
Reduction of 

agricultural damage 

Value of agri-

production saved ($) 

/% of expected 

damage due to the 

Probable Max Flood 

x  x x x x x 

B6 

Reduction of 

commercial/ industrial  

damage 

Value of production 

($) / % of expected 

damage due to the 

Probable Max Flood 

x  x x x x x 

Objective 2: Contribution to sustainable development of the floodplain   

Criteria-C. Environmental improvement (in the project area)  

C1 

Extent of land used for 

the levee construction 

(and detention basin and 

concrete wall) 

Area (km2) (or  m2)  

or % of total project 

area (or flood affected 

area by PMF) 

x  x x x x x 

C2 

Use of natural landform 

to manage flooding  in 

the project area 

% of total project area 

or flood affected area 

by PMF 

x  x x x x  
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C3 

Loss (or enhancement) 

of floodplain habitat 

(aquatic and terrestrial)  

Area (km2)  or % of 

floodplain in the 

project area 

x  x x x x x 

C4 

Creation of new 

landscape feature other 

than the levee (e.g. park/ 

walkway) 

Area (km2 or m2)   or 

% of total project area 

(or flood affected area 

by PMF) 

x  x x x x 

 

C5 

Diversion of natural 

water flow from the 

flood channel 

m3/s  or % of existing 

total flood flow at 

Design Flood 

x x x x x x 

 

Criteria-D. Social affairs  (in the project area) 

D1 Safety of life 

No. of flood victims 

(death)  or Likelihood 

of existence of death 

threat to people due to 

flood 

x x x x x x x 

D2 
Displacement of people  

due to levee project 

No. of people  or % of 

affected property or 

household 

x       

D3 

Highly vulnerable 

population (Child, 

elderly and autistic) 

% of total population 

x x x x x x x 

D4 
Community 

preparedness for floods 

% of households 

taking preventive 

measures 

x x x x x x x 

D5 
Acceptance by the 

stakeholders 

No. of complaints/ 

conflict raised  or % 

of affected property 

owner/ parties 

x x x x x x  

D6 Population growth  % per year x x x x x x x 

D7 
Change of Property 

development areas 

Total area of 

properties (km2)  or % 

of change per year 

x x x x x x x 

Criteria-E. Economy(in the project area) 

E1 
Financial viability (over 

project life) 
Benefit - cost ratio 

x x x x x x 

 

E2 Project life cycle cost 
Total amount (Million 

$) 

x x x x x x 

 

E3 
Resettlement cost of 

people 
Total amount ($) 

x     x 
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E4 Agricultural production 

Value of production 

($) in flood season per 

year 

x  x x x x 

 

E5 
Commercial/industrial 

production 

Annual gross income 

($)  / Value of 

production ($) 

x  x x x x 

 

E6 
Share of funds from 

local government 

% of total project life 

cycle cost 

x x     x 

E7 

Contribution of local 

community (or the 

council) to O&M cost  

% of total O&M cost 

x  x x x x x 

Criteria-F. Policy and institutions (in the region) 

F1 

Existence of updated 

regional and local flood 

mitigation plan and 

planning scheme  

Yes/No or  Status of 

plans and policies 

x x x x x x x 

F2 
Ensured community 

participation 

Yes / No or  Level of 

participation  

x x x x x x x 

F3 

Engagement of local 

professionals in both 

project implementing 

agency and the 

contractors (Resident 

citizen of the country or 

state) 

% of total staffs in the 

project 

x x x x x x x 

F4 
Separate institutional 

unit for the project 

 Yes / No  or Status of 

institutional unit 

x x x x x x x 

F5 

Engagement of local 

contractors (based in the 

country or state) 

% of total work or 

Level of engagement  

x x     

 

Note: ‘x’ means the indicator is applicable in that stage of project. 

 

 

6.2.2 Sustainability indicators related to flood damage reduction 

The main objective of flood mitigation projects is to reduce flood damage in the flood 

affected areas. The common elements at flood risk are residential properties, agriculture, 
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commercial/ industrial production, roads and railways, critical infrastructures (e.g. 

education institutes, hospitals and clinics), and utility services (water, power, etc.). This 

damage is usually quantified in monetary terms through post-flood assessment carried out 

by various agencies. There are also some indirect and intangible effects of flooding on 

the society such as income loss, health risk, and inconvenience to communication, which 

are not evaluated and quantified in detail in post-flood assessment. In fact, some of these 

effects are quite difficult to quantify (Messner & Meyer, 2006; Thieken et al., 2006). 

Considering the indicators’ suitability for measurement in the long term and the 

convenience of collecting data, only the indicators related to tangible flood damages are 

selected as per the suggestion of experts. The final list of selected indicators related to 

flood damage reduction is: reduction of residential property damage, reduction of damage 

to roads and railways, reduction of damage to critical infrastructures, reduction of damage 

to utility services, reduction of agricultural damage, and reduction of commercial/ 

industrial damage (Table 6.1). Monitoring these sustainability indicators will show the 

impact of the flood mitigation project towards achieving the objective of sustainable flood 

risk reduction. 

6.2.3 Sustainability indicators related to environmental improvement 

Sustainable development of the floodplains depends on the environmental, social and 

economic improvement of the flood affected areas. Besides flood risk reduction, flood 

mitigation projects contribute to sustainable development of floodplains through 

impacting and changing environmental, social and economic conditions (DEFRA, 

2007a). Therefore sustainability indicators related to environmental, social and economic 

aspects are considered here.  

Environmental impacts of flood mitigation projects often become major concerns while 

planning and implementing the projects. Land use changes, loss of floodplain habitat, and 

changes in natural water flows are common environmental impacts of flood mitigation 

projects (Carter et al., 2009). In view of the foreseeable common environmental impacts, 

the sustainability indicators related to environmental improvement were selected. These 

are: the extent of land used for the levee construction, use of natural landform to manage 

flooding in the project area, loss (or enhancement) of floodplain habitat, creation of new 

landscape features other than the levee (e.g. park/ walkway), and diversion of the natural 

water flow from the flood channel (Table 6.1). 
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6.2.4 Sustainability indicators related to social affairs 

Flood mitigation projects are mainly taken up with the prime objective of providing safety 

and convenience to the people living in the floodplains. Hence, the impact of these 

projects on these people and their society are investigated in detail while planning the 

projects. Improvement of social conditions in the flood affected area is also directly linked 

to the sustainable development of the region. Therefore, for measuring the contribution 

of the flood mitigation project to the social affairs in the project area, the following 

sustainability indicators were chosen: safety of life, displacement of people due to the 

levee project, highly vulnerable population (children, the elderly and autistic), community 

preparedness for floods, acceptance by the stakeholders, population growth, and change 

of property development areas (Table 6.1). 

6.2.5 Sustainability indicators related to economy 

The economic aspects related to flood mitigation project may include the benefit-cost 

analysis of the project itself, funding for the project implementation and maintenance as 

well as the impact on improving agriculture and commercial/ industrial production in the 

project area. Usually, the benefit-cost analysis determines the financial viability of the 

projects and plays as a key factor for taking the final decision for the project (Environment 

Agency, 2010; Sayers et al., 2013; BWDB, 2014).  However, for long term sustainability 

considerations, other economic aspects are crucial such as funding for the operation and 

maintenance of the project. In view of the above contexts, the selected sustainability 

indicators related to the economy in the project area are: the financial viability of the 

project,  project life cycle cost, population resettlement cost, agricultural production, 

commercial/industrial production, share of funds from local government, and 

contribution of the local community (or the council) to the operation and maintenance 

cost (Table 6.1). 

6.2.6 Sustainability indicators related to policy and institutions 

Although policies and institutions are conceived of as part of the social elements, the 

sustainability indicators related to these elements are separately considered here to give 

them adequate importance in the sustainability assessment of flood mitigation projects. 

Since flood mitigation projects are permanent infrastructures in the floodplain and need 

long term maintenance, continuous policy support and institutional engagement are 

required throughout the project life. Long term institutional support is especially required 
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in the operation and maintenance stage of the project, which is often ignored in many 

cases. Considering the above aspects, the sustainability indicators related to policy and 

institutions were determined: the existence of the flood mitigation plan and planning 

scheme, ensuring community participation, engagement of local professionals, an 

institutional unit for the project, and engagement of local contractors (Table 6.1). 

Some of the above sustainability indicators could be redundant, which may impact the 

calculation of sustainability index. For example, ‘reduction of agricultural damage’ under 

Criterion B and improvement of ‘agricultural production’ under Criterion E can be 

calculated from the same data with a different perspective. When selecting the indicators 

from the above list, the planner should avoid this redundancy, i.e. if one indicator is 

already selected under one criterion, the redundant indicator under another criterion 

should not be selected. The list of indicators in Table 6.1 gives a wide choice to planners 

so that they can choose indicators based on the availability of data and their suitability in 

the contexts of the project and floodplain. 

 

6.3 SUSTAINABILITY ASSESSMENT OF DALE STREET FLOOD 

MITIGATION PROJECT 

This section presents the application of the sustainability assessment framework to the 

Dale Street flood mitigation project. Since the construction of the project was completed 

recently in 2016, we have demonstrated here the implementation of Stages 1 and 2 of the 

framework with the available information. All the considerations and limitations are also 

presented here. Application of Stage 2 provides the basic calculation and implementation 

process, most of which will be repeated in Stages 3 and 4 of the framework. 

6.3.1 Stage 1: Contextualizing the Dale Street flood mitigation project 

The Dale Street flood mitigation project was primarily aimed to protect the properties in 

the flood prone area, provide safety and convenience to residents, and reduce the damage 

and maintenance cost of roads and other utility services. After completion of the project, 

the area will also be used as park land, as an extension to the existing park. We have 

contextualized the project in view of flood risk reduction, environmental, economic, 

social and institutional settings, the whole life cycle of the project as well as its relation 

to sustainable development policy in Queensland and in Australia as a whole. In term of 

flood risk reduction, the project will reduce flood damage to residential properties and 

roads within the 100 yr ARI flood affected area (MBRC, 2015). Since there are no 
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commercial properties, business centers or agricultural activities in that area, the main 

economic issues are related to the project life cycle cost, resettlement cost, economic 

viability, funding allocation, and cost for operation and maintenance of the levee and 

associated structures. The benefit-cost ratio of the project was estimated as 2.1. Most of 

the cost (>50%) was required for property acquisition and demolition. MBRC has 

provided more than 50% of the total project cost (MBRC, 2015). Located in a small part 

of the Burpengary Creek catchment, there is no significant environmental issue; however, 

typical environmental concerns related to flood mitigation projects prevail in the project 

areas. These are: changing the natural floodplain, creating a landscape, and diversion of 

flood flows. Social issues in the project area are mostly related to the safety of residents, 

their resettlement /displacement from the levee site, community acceptance of the project, 

and property development in the area. In the context of policy and institutional aspects, 

regional and local flood mitigation plans, planning schemes, and institutional divisions 

and departments within the council, the involvement of local professionals and 

community participation are important issues in this project. The MBRC Council has a 

separate division for planning, implementation, and maintenance of flood mitigation 

projects along with other drainage and water management projects. Mostly local staffs 

are appointed in the unit. Like other councils in Australia, MBRC has a planning scheme 

which guides all the development in the council’s jurisdiction. Community participation 

was ensured in the project through consultation for developing the levee design and 

property relocation issues. 

In addition, the relevance of this project to local and state policies and its significance for 

the sustainable development of the region was determined as well. The MBRC Council 

has a vision for developing disaster resilient and sustainable communities in the region as 

adopted by the council’s plans such as ‘Community Plan 2011-21’, and ‘Local Disaster 

Management Plan 2013’. The project is also in line with the guidance of several national 

and state policies and strategies such as ‘National Strategy for Disaster Resilience 

(2011)’, ‘Sustainable Australia – Sustainable Communities: A Sustainable Population 

Strategy for Australia (2011)’, ‘The Queensland Plan: Queenslanders’ 30 Year Vision 

(2014)’, ‘Sustainable Planning Act 2009 (Queensland)’, ‘State Planning Policy 2014 

(Queensland)’, and ‘Queensland Strategy for Disaster Resilience 2013’. The objective 

and impacts of this project can be linked to Australia’s sustainable development vision 

and the measuring indicators (i.e.  social and human capital (security, community 
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engagement, governance), natural capital (land, ecosystems, water), and economic capital 

(housing, infrastructure) (Commonwealth of Australia, 2011). 

Based on the contexts of the project, as a major output of this stage, the sustainability 

criteria and indicators for the project have been selected. While selecting the sustainability 

indicators, we had to consider some basic criteria such as data availability, the potential 

for long term monitoring, the institutional capacity for data collection, expert judgment, 

and linkage to sustainable development indicators of the region and the country. All the 

relevant literature, recent policies, flood study reports, planning, and design documents 

of the Dale Street project were reviewed for determining the data availability of 

significant issues to the project and developing a preliminary list of the sustainability 

indicators. Then, experts within Moreton Bay Regional Council and other research 

agencies were consulted to select the sustainability indicators. They did this on the basis 

of considering those which are very important to the project and also practically viable 

for monitoring by the institutions throughout the project life cycle. Finally, 25 

sustainability indicators were selected, and categorized under six criteria and two 

sustainability objectives, as shown in Table 6.2. The achievable target values (both 

minimum and maximum) of each indicator were also defined at this stage so that the 

impact of the flood mitigation project on the indicators could be compared quantitatively 

or qualitatively. The range of the target values for each indicator was sub-categorized into 

one to five classes: highly positive, positive, neutral, negative and highly negative impact 

(Appendix-3: Table A3- 3). A score of 1 to 5 was assigned to each impact class. The 

scores were used to determine the sustainability index in the sustainability assessment of 

the project in different stages of its life cycle. The SA for Stage 2 is shown in the next 

section. 

 

6.3.2 Stage 2: SA in the planning and implementation phase 

In the planning and design stage, several preliminary design alternatives were considered. 

In this study, we considered the two most viable alternatives for assessing sustainability. 

Alternative A, for 5 yr ARI (20% AEP) flood protection, included constructing a 540m 

levee bank along Dale Street and the eastern edge of 46 O’Brien Road, floodplain 

excavation and acquisition of 10 properties along Dale Street. Alternative B included a 

790m levee bank in the same location, floodplain excavation, and acquisition of 13 

properties along Dale Street for 20 yr ARI (5% AEP) flood protection. Both alternatives 
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were investigated by Moreton Bay Regional Council in their preliminary flood mitigation 

investigation work undertaken in 2013. The 25 indicators listed in Table 6.2 were used 

for sustainability assessment of the alternatives using a multi-criteria analysis (MCA) 

technique. A total of 100 weight was distributed to the indicators based on their 

importance to the project. The values of the sustainability indicators for the impact of the 

alternatives were determined from the flood modeling studies and environmental and 

socioeconomic assessments. Then, for each alternative, the score for each indicator was 

assigned, based on which impact class the value of indicator fell into. The score of each 

indicator was then multiplied by the weight of the indicator. For instance, weighted scores 

for the indicators on flood characteristics (A1, A2, and A3) were determined for 

Alternative B based on the value of indicators obtained by the flood modeling study of 

the project area (Table 6.3) (values of all the indicators are given in Appendix-3: Table 

A3- 4). The weights of the indicators were defined by the experts consulted for this 

research. The score for each indicator was based on the impact class defined in Appendix-

3: Table A3- 3, where a high positive impact means a high contribution towards the 

sustainability of the project. Similarly, weighted scores for all 25 indicators were 

calculated for Alternatives A and B. Finally, a sustainability index (SI), i.e. the sum of 

the weighted scores, was calculated as 311 and 431 for Alternative A and Alternative B 

respectively (Fig. 4). The high difference in SI values between these alternatives was due 

to the flood prevention capacity of these two options. Alternative A was designed for 5 

yr ARI flood protection, whereas Alternative B was designed for 20 yr ARI flooding. 

Although Alternative B was designed to cover a larger area with more extensive structures 

than Alternative A, the negative impacts were not significantly greater than that of 

Alternative A. As mentioned earlier, the project has already been implemented with some 

improvement of the Alternative B design. This sustainability assessment reinforced the 

suitability of the Alternative B. 

Table 6.2: Selected sustainability criteria and indicators for Dale Street flood mitigation 

project. 
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Objective 1: Sustainable flood risk reduction 

Criteria-A. Flooding characteristics change   

A1 Design Flood Level  ARI (e.g. 1:50, 1:100) x x x x x  

A2 Change of flood level outside the project 

area in future 

Increase (% of flooded area) x x x x x  

A3 Create new type of flooding (by different 

causes) in the future (e.g. due to heavy 

rainfall instead of river overflow) 

Likelihood x x x x x  

Criteria-B. Flood damage reduction  

B1 Reduction of residential property 

damage 

% of expected damage due to 

the Probable Max. Flood 

(PMF) 

x x x x x x  

B2 Reduction of damage to roads (road 

repair and clean-up cost for Dale Street) 

% of expected damage due to 

the PMF 

x x x x x x 

Objective 2: Contribution to sustainable development of the floodplain   

Criteria-C. Environmental improvement (in the project area)  

C1 Extent of land used for the levee 

construction, concrete wall and detention 

basin 

% of total project area (or 

flood affected area by PMF) 

x x x x x x 

C2 Use of natural landform to manage 

flooding  in the project area 

% of total project area (or 

flood affected area by PMF) 

x x x x x  

C3 Loss of floodplain habitat (aquatic and 

terrestrial)  

% of floodplain in the project 

area 

x x x x x x 

C4 Creation of new landscape features other 

than the levee (e.g. park & walkway) 

% of total project area (or 

flood affected area by PMF) 

x x x x x  

C5 Diversion of natural water flow from the 

flood channel 

% of existing total flood flow 

at Design Flood 

x x x x x  

Criteria-D. Social affairs  (in the project area)  

D1 Safety of life Likelihood of existence of 

death threat to people due to 

flood 

x x x x x x 

D2 Displacement of people  due to levee 

project 

% of affected properties or 

households 

x      

D3 Highly vulnerable population (children, 

the elderly and the autistic) 

% of total population x x x x x x 

D4 Community preparedness for floods % of households taking 

preventive measures 

x x x x x x 

D5 Acceptance by the stakeholders % of affected property 

owners/ parties 

x x x x x  

D6 Population growth  % per year x x x x x x 

D7 Change of property development areas % of area change per year x x x x x x 

Criteria-E. Economy (in the project area) 

E1 Financial viability (over project life) Benefit - cost ratio x x x x x  
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E2 Share of funds from local government % of total project life cycle 

cost 

x     x 

E3 Contribution of local community or the 

council to O&M cost 

% of total O&M cost x x x x x x 

Criteria-F. Policy and institutions (in the region) 

F1 Existence of updated regional and local 

flood mitigation plan and planning 

scheme  

Status of plans and policies x x x x x x 

F2 Ensured community participation Level of participation x x x x x x 

F3 Engagement of local professionals in 

both project implementing agency and 

the contractors (resident citizens of the 

country or state) 

% of total staff in the project x x x x x x 

F4 Separate institutional unit for the project Status of institutional unit x x x x x x 

F5 Engagement of local contractors (based 

in the country or state) 

Level of engagement x      

 

Table 6.3: Example of scores for the sustainability indicators for Alternative B in the 

planning phase. 

 

Sustainability indicators (units) 
Value for 

Alt. B 
Score* Weight 

Weighted 

score 

A1 Design Flood Level (ARI) 20 yr 3 15 45 

A2 
Change of flood level outside the project area 

in future (% increase of flooded area) 0% 5 5 25 

A3 

Create new type of flooding (by different 

causes) in future (e.g. due to heavy rainfall 

instead of river overflow) (Likelihood) 

Unlikely 

4 5 20 

*scores taken from Appendix-3: Table A3- 3. 

Further, the sustainability assessment of the project at the commissioning (post-

construction) stage was carried out. Alternative B was implemented with some 

modification of the levee design (e.g. reducing length, increasing levee height with 600 

mm freeboard, widening detention basin area, extending park area, etc.), which would be 

able to prevent up to a 50 yr ARI (2% AEP) flood and provide greater benefit to the 

community. The SI for the project at commissioning stage was increased to 447 (Fig. 6.1). 

This increase of SI score from the planning stage to final implementation was mainly due 

to change of flood characteristics and reduction of potential flood risk. Other 

sustainability indicators were not much influenced by the final levee design. Overall, the 
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results suggested that the project was implemented with further improvement towards 

sustainability.  

 

Figure 6.1: SI score for the project alternatives and project commissioning stage 

6.3.3 Stages 3 to 5 of the SA framework 

The remaining stages of the SA framework (Stages 3 to 5) can be further implemented 

for the project throughout the project life. The process would be similar to the planning 

and implementation stage, with some variation of sustainability indicators and values 

appropriate at the time of application in future. Necessary adjustment of the indicators 

and scores would be required through consultation with experts and stakeholders. 

6.4 SUSTAINABILITY ASSESSMENT OF LAIDLEY FLOOD MITIGATION 

PROJECT (NARDA LAGOON LEVEE) 

The sustainability assessment of both flood mitigation project were carried out using the 

sustainability assessment framework. The Narda Lagoon levee was completed in the end 

of 2014. For it as well as for the Dale Street levee project, we trialled the implementation 

of Stages 1 and 2 of the framework, which is demonstrated below  

6.4.1 Stage 1: Contextualizing the Laidley  flood mitigation project 

The Narda Lagoon levee is located in a rural area, aimed at protecting rural residential 

properties, providing safety to the population, and reducing damage and maintenance cost 

of roads and other utility services. The levee was built as part of a larger flood mitigation 

(a) SI for alternatives and at post-construction phase (b) Status of sustainability criteria for the alternatives 

and at post-construction phase 
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project to be implemented in the floodplain. Therefore, the flood study, socio-economic 

analysis and flood risk management study were carried out for the whole floodplain. With 

the available information from the project documents provided by the LVRC as well as 

from analysing the flood scenario maps using GIS tools, the project has been 

contextualised in terms of flood risk reduction and environmental, economic, social and 

institutional settings.  

Regarding flood risk reduction, the levee project has been designed to reduce up to 0.2 

AEP regional flooding. The levee will mainly protect rural residential properties, one pre-

school facility and roads within the flood affected area (LVRC, 2015). About 15 out of 

34 residential properties including the preschool and 1525 m (53%) road out of 2860 m 

road will be flood free for a 0.2 AEP flood event.  As there are no other economic 

activities (e.g. commercial/ business centers or agriculture) in the area, the major 

economic aspects of the project are economic viability, project life cycle cost, funding 

allocation, and cost for operation and maintenance of the levee and associated structures.  

Being in the small part of the floodplain, typical environmental concerns related to flood 

mitigation projects prevail in the project area. These include changing the natural 

floodplain, creating a landscape, and diversion of flood flows, but are not of a significant 

magnitude. Social aspects of the project area are related to the safety of residents, 

community acceptance of the project, and property development in the area. No 

displacement or resettlement of houses will be required for this project. The policy and 

institutional aspects of the Narda Lagoon levee project include regional and local flood 

mitigation plans, planning schemes, and the involvement of institutional divisions and 

departments within the council,  local professionals and the community. The LVRC does 

not have a separate unit for planning, implementation, and maintenance of flood 

mitigation projects, but the projects are taken on by other departments related to water 

management projects. The LVRC has a temporary planning scheme which guides all the 

development in the council’s jurisdiction including development in the flood prone areas. 

The council ensured community participation in the project through consultation during 

the planning phase. The Narda Lagoon levee project is also related to the local, state and 

national policies and guidelines of Australia, similar to the Dale Street levee project, as 

discussed in Section 6.3.1. 

On the basis of the project contexts, as a major output of this stage, 24 sustainability 

indicators have been selected (Appendix 3: Table A3-5). The achievable target values 
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(both minimum and maximum) of each indicator defined for the Dale Street levee project 

(Appendix-3: Table A3- 3) were used in this project as well. The scores for each indicator 

were used to determine the sustainability index in the sustainability assessment of the 

project in different stages of its life cycle. The sustainability assessment for the planning 

and implementation stage (Stage 2) of the project is shown in the following section. 

 

6.4.2 Stage 2: SA in the planning and implementation phase 

In the case of Narda Lagoon levee project, there was no available information on the 

alternative analysis at the planning stage. Therefore, sustainability assessment has been 

carried out at the commissioning (post-construction) stage of the project. The final design 

of the levee includes a 410 m earth levee with paved crest and one drainage culvert to 

prevent 0.2% AEP flood event. The Sustainability Index (SI) score for this project is 

obtained by multi-criteria analysis of the 24 indicators listed in Appendix 3: Table A3-5, 

which is 369 out of the maximum possible score of 500 (Fig. 6.2). Specific scores for the 

sustainability criteria (Fig. 6.2b) show that, although the flood risk reduction in the flood 

affected area has not been achieved up to the maximum target, social, economic and 

policy and institutional criteria are about at the maximum target level.  

The flood study for the project has demonstrated that flooding would not be eliminated 

completely from the potential flood affected area but the Narda Lagoon levee along with 

other proposed mitigation measures will reduce the flood inundation depth and flood 

water flows into the floodplain (LVRC, 2015). The sustainability assessment of the levee 

at this stage suggests that there should be further intervention to reduce the flooding in 

the remaining flood affected areas in future. 
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Figure 6.2: SI score for the commissioning stage of Narda Lagoon levee project  

6.4.3 Stages 3 to 5 of the SA framework 

Similar to the Dale Street project, Stage 3 to 5 of the SA framework can be further 

implemented for the Narda Lagoon levee project throughout the project life. The same 

process should be followed as in the planning and implementation stage. There could be 

modification of sustainability indicators and values according to future scenarios. The 

planners should adjust the indicators and scores based on the requirements of the 

stakeholders. 

 

6.5 DISCUSSION AND CONCLUSIONS 

This chapter illustrated the application of a sustainability assessment framework for two 

case study flood mitigation project. Application of the SA framework to the case study 

flood mitigation project revealed the real value of the assessment and its suitability for 

decision making. Although the SA framework includes all stages of the project life cycle, 

we could only perform the assessment up to Stage 2 (project planning and 

implementation) due to the recent implementation of the project. The results for one case 

study project (Dale Street levee) showed that there was improvement toward 

sustainability from the preliminary planning stage (defining suitable alternatives) through 

the final implementation of the project. This finding can confirm the applicability of the 

framework to indicate whether the selected alternative would be sustainable or not, a 

(a) SI for commissioning phase 
(b) Status of sustainability criteria for the 

commissioning phase 
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major concern of the SA process (DEFRA, 2007a, b). Also, the results for the other case 

study project (Narda Lagoon levee) showed that there should be further improvement of 

the project so that flood risk reduction can be enhance in future. The SA framework 

provides a pathway for continuous assessment of the project throughout its life cycle. 

Instead of a one time decision making system in every stage of the project, the proposed 

SA framework would help long term project management in terms of improving capture 

of the sustainability issues of the project by tracking the status of the sustainability 

indicators as well as integrating the future needs. The SA framework aims to improve the 

conventional assessment and decision making process for flood mitigation projects by 

considering the project performance and influence on the sustainable floodplain 

development, rather than focusing only on construction and maintenance of flood 

mitigation structures (DEFRA, 2007a). 

The computation process of the SA framework followed methods easily applicable by the 

policy maker. The main challenges for implementing the SA framework remain with the 

selection of suitable sustainability criteria and indicators that support the purposes of the 

decision makers and determining the values of indicators for the assessment. The values 

of some indicators need to be determined by a complex modeling exercise carried out by 

detailed investigations, for example a flood modeling study. Record collection and 

database maintenance for future reference would be crucial for successfully generating 

the outputs of the sustainability assessment and consequently for its usefulness to the 

decision makers.  

The overall sustainability index (SI) could be sensitive to the weight of the sustainability 

indicators as well as to the uncertainty of the values of the indicators (Olbrich et al., 2009, 

Edjossan-Sossou et al., 2014). The weight of indicators are dependent on the policy 

makers and stakeholders as well as on the context of the project (Mitchell 1996), which 

could lead to various combinations of outputs. This uncertainty about the indicators’ 

value would add further complexity, but is inevitable as all future forecasts always contain 

several assumptions and face uncertainty (Zhu et al., 2011). The current research can be 

extended to perform sensitivity analysis and uncertainty analysis and determine their 

impact on the SI. Sustainability assessment of several possible scenarios of the project 

could be further explored to visualize the possible outcomes of the project under various 

conditions, which is especially required for large flood mitigation projects with phase-

wise implementation involving a large group of stakeholders. 
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CHAPTER 7: CONCLUSIONS 

 

7.1 CONCLUSIONS 

The crucial challenge exists as to how we can construct better flood control projects that 

can provide sustainable flood risk reduction as well as ensure compliance with sustainable 

development of the floodplain. Appropriate planning methods and tools are required for 

the planning and implementation of sustainable flood control projects. This thesis has 

presented an extensive review of the current state of knowledge in relation to 

sustainability assessment and planning tools for flood control projects. It concludes that 

there are some sustainability assessment approaches currently available, mostly 

applicable for national or catchment level planning (Dalal-Clayton & Sadler, 2014). Only 

a few sustainability assessment tools have been applied to infrastructure development and 

flood management projects in their feasibility studies, but none for the whole life cycle 

management of individual flood control projects.  

Sustainability assessment at the planning stage is only used for choosing the best suitable 

alternative design of the project based on sustainability indicators (Edjossan-Sossou et 

al., 2014; Uehara et al., 2016). However, these sustainable assessment methods cannot 

determine whether the best alternative would be sustainable throughout the project life in 

the long term or not (DEFRA, 2007a). Also, the current sustainability assessment 

approaches do not assess the contribution of the project outcome to the sustainable 

development of the region and the country. Further, long term monitoring of the 

infrastructure project is usually focused on checking the performance of the structures 

and maintenance only. Changes of the project over the project life cycle as well as 

changes in the socio-economic and environmental conditions in the project affected areas 

are not considered in the monitoring process, which creates an information gap about the 

actual benefit or impact of the implemented project on the sustainable development of the 

project area. Especially, these concerns are crucial for flood mitigation projects or similar 

infrastructure projects which have a significant impact on the environmental, social and 

economic condition of the project area. Considering the above contexts, this research has 

developed a decision support framework for sustainability assessment of flood mitigation 

projects that can facilitate efficient decision making for ensuring sustainable development 

in floodplains. The main outputs of the research can be summarized as follows. 
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This study proposes a new innovative decision support framework for sustainability 

assessment (SA) of flood mitigation projects throughout the project life cycle, focusing 

on two main aspects: sustained flood mitigation by the project and enabling of sustainable 

development of the floodplain. Conforming to the project life cycle, the decision support 

framework is developed incorporating five stages: 1) contextualizing the project with 

regard to floodplain sustainability, 2) sustainability assessment during planning and 

implementation for integrating sustainability issues in the project, 3) sustainability 

assessment during a flood event to assess the sustainability performance of the project 4) 

sustainability assessment at periodic intervals, and 5) sustainability assessment at the 

stage of modification or changing to a new project. The framework has adopted a multi-

criteria analysis (MCA) approach using sustainability criteria and indicators to determine 

the sustainability index for the project. This thesis also describes the process of selecting 

indicators, defining the weightages and scores for indicators, and determining a 

sustainability index for various stages of the project. The computation process of the 

framework followed methods easily applicable by the policy maker. 

Through a literature review, case studies and surveys, the study has shortlisted 34 

sustainability indicators categorized under six criteria - flooding characteristics change, 

flood damage reduction, environmental improvement, social affairs, economy, and policy 

and institutions. The indicators suitable for different stages of the project life cycle are 

also determined. The maximum and minimum target values of the indicators as well as 

weightages and score for various values of the indicators were defined, which is required 

for sustainability assessment of the flood mitigation projects. 

The decision support framework has been applied to two case study flood mitigation 

projects – the Dale Street levee project of the MBRC and the Laidley flood mitigation 

(Narda Lagoon levee) project of the LVRC. The results of sustainability assessment of 

the planning stage of the Dale Street levee project show that the best design option for the 

levee (Alternative B) has been chosen, which has a higher sustainability index (SI) score 

of 431 than the Alternative A (SI score: 311). Sustainability assessment of the 

commissioning stage of the Dale Street levee shows that the SI score has improved to 447 

due to consideration of a higher level of flood protection in the final design and 

implementation of the project. On the other hand, sustainability assessment of the 

commissioning stage of the Narda Lagoon levee project has resulted in an SI score of 369 

out of 500, which is because the levee does not have a high level of flood mitigation. 
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There is scope of further improving the flood risk management in the Narda Lagoon levee 

area. In both cases studies, individual scores for the six sustainability criteria indicate that 

flood risk reduction related indicators have influenced the SI score compared to other 

indicators because there were not significant environmental, social and economic issues 

in both sites, which could have otherwise had a higher weightage than flood risk reduction 

indicators. Overall, the results suggest that the sustainability assessment of the flood 

mitigation levee project can generate critical information for the planner focusing on 

every aspect of the sustainability of the project and sustainable development of the 

floodplain.  

In view of these practical implications, the decision support framework provides a 

continuous assessment pathway throughout the life cycle of flood mitigation projects, 

which will help planners and policy makers in integrated decision making. Rather than 

using separate one-time assessments for decision making in different stages of the project, 

the proposed framework will enhance long term project management incorporating the 

sustainability issues of the project by monitoring the sustainability indicators as well as 

integrating the future scenarios. The application of the framework will improve the 

traditional approach of project planning and monitoring for flood mitigation projects by 

considering long-term project performance as well as the impact on the sustainable 

development of the floodplain. The information synthesized in various stages of the 

assessment will guide both present and future generations towards correcting project 

deficiencies and improving flood mitigation and community resilience in the floodplain. 

This study has also identified the challenges for implementing the decision support 

framework such as the selection of suitable sustainability indicators accepted by decision 

makers and collecting current data about the indicators. Detailed and expensive 

investigation may be required for some of the indicators (e.g. updating the flood risk 

study). Therefore, continuous data collection and database maintenance would be 

essential for successfully generating the outputs of the sustainability assessment and 

effective decision making. In addition, setting the weightages and scoring of 

sustainability criteria and indicators by the stakeholders could lead to variations of SI 

score, depending on the knowledge and interest of the stakeholders at the time of 

assessment. Setting quantifiable and easily understandable criteria and indicators could 

reduce the potential for this bias. Sensitivity and uncertainty analysis of the SI score in 
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relation to the value of indicators can help decision makers to take the appropriate 

decisions. 

 

7.2 RECOMMENDATIONS FOR FURTHER RESEARCH 

This study has implemented the proposed decision support framework for sustainability 

assessment up to only two stages of the levee projects. Further research should be carried 

out to implement the framework in Stages 3 to 5 of the project life cycle. Sustainability 

assessment of possible future scenarios of the project could be explored to visualize the 

possible outcomes of the project under various conditions, which is especially required 

for large flood mitigation projects with phase-wise implementation involving a large 

group of stakeholders. These will clarify the possible benefits and limitations of the 

framework and give opportunity to improve the framework. 

Since long term database management about the project would be essential for 

implementing the framework throughout the project life, a detailed study is required to 

determine database development, management and monitoring protocols that would 

support the sustainability assessment. Also, GIS-based user friendly software can be 

developed for the decision support framework so that it can integrate the database and 

produce assessment results quickly and in an easily understandable manner.  

In addition, a detailed investigation could be undertaken into whether the framework can 

be applied to all types of structural and non-structural flood mitigation projects as well as 

other projects like road infrastructure, power development and other sectors. 
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APPENDIX – 1: QUESTIONNAIRE FOR SURVEY  

Survey of Expert’s opinion 

[Please answer the questions in the space provided. For any queries regarding 

questionnaire or survey, please contact to Mr. Mohammad Aminur Rahman Shah 

(m.shah@griffith.edu.au, Mobile: 0470655178) or Dr. Anisur Rahman 

(a.rahman@griffith.edu.au)] 

Note: All information provided in this questionnaire will be kept confidential and will be 

used only for research purpose of this project. 

---------------------------------------------------------------------------------------------------------- 

Brief about the research and purpose of the survey: 

Achieving sustainable structural flood mitigation remains crucial in floodplains with 

increasing flood risks due to rapid urbanisation and potential climate change impacts. 

This research aims to develop a decision support framework for assessing the 

sustainability of structural flood mitigation projects (e.g. Levee), focusing on two basic 

aspects – how the project can ensure sustained flood risk reduction, and how suitably it 

can contribute to sustainable development of the floodplain. Based on literature review 

and case studies of flood mitigation projects in Australia, a preliminary decision support 

framework is developed with five major stages, complying with the project management 

life cycle, such as – a) setting contexts of the project with respect to regional sustainable 

development issues; b) sustainability assessment during planning and implementation for 

ensuring integration of sustainability concerns; c) sustainability assessment during flood 

event  to evaluate the performance and identifying additional sustainability issues; d) 

sustainability assessment at regular intervals to check the achievement; and e) 

sustainability assessment at the time of modification/ changing to new project. This 

framework will facilitate better decision making for ensuring sustainability of the 

structural flood mitigation projects and sustainable development in the floodplains. 

Sustainability Index, based on multi-criteria analysis with selected sustainability 

indicators, will be calculated in each stage as the outcome of the assessment. Already 

some sustainability indicators have been listed down from the recent literature and case 

study projects. Now, it is required to gain expert’s judgement on the selected indicators 

and prioritize their significance in different stages of flood mitigation projects. It will help 

to find important indicators that should be finally considered in the sustainable assessment 

of flood mitigation project. We are trying to find SMART indicators, values of which 

should be available through reviewing relevant study reports with minimum efforts. You 

are requested to answer the following questions and provide further suggestions based on 

your professional experiences.  

Note: You can find detail about the proposed decision framework in a conference paper presented in the 56th FMA 

conference 
http://www.floodplainconference.com/papers2016/Mohammad%20Aminur%20Rahman%20Shah%20Full%20Paper.pdf  

---------------------------------------------------------------------------------------------------------- 

Questions start from next page. 

Please return the questionnaire to Mr. Shah via email: m.shah@griffith.edu.au  

mailto:m.shah@griffith.edu.au
mailto:a.rahman@griffith.edu.au
http://www.floodplainconference.com/papers2016/Mohammad%20Aminur%20Rahman%20Shah%20Full%20Paper.pdf
mailto:m.shah@griffith.edu.au
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1. Personal information:   

Position/ Expertise:  

Organization (optional): 

Age:  Gender:  Number of years of Professional experience: 

Contact details (optional): Email:      Phone/Mobile: 

 

2. The following sustainability objectives and criteria are considered for 

sustainability assessment of structural flood mitigation projects (e.g. Levee). How 

would you give weight to the objectives and criteria?  Based on your judgement, 

please provide values of the variables in the 4th column in the following table.  

Sl. 

(col.1) 

Sustainability objectives and criteria 

(col.2) 

Weightage 

(total 100) 
(col.3) 

Provide 

values 

here* 

(col.4) 

Objective 1: Sustainable flood risk reduction  X /100 X = 

A Flooding  characteristics change x1 /X x1 = 

B Flood damage reduction x2 /X x2 = 

Objective 2: Contribution to sustainable development 

of the floodplain  
Y /100 Y = 

C Environmental improvement y1 /Y y1 = 

D Social affairs y2 /Y y2 = 

E Economy y3 /Y y3 = 

F Policy and institutional development y4 /Y y4 = 

*Note:  Please fulfil these conditions while giving scores     

   X + Y = 100; x1+x2 = X; y1 +y2+y3+y4 = Y 

3. If you think there should be more criteria to be included under any of the 

sustainability objectives given in the above table, please mention below with 

relative weight: 

a. 

b. 

4. Indicators for each sustainability criteria under Objective 1 (Sustainable flood 

risk reduction) are listed in the following table. Please provide the value 

according to the scale of importance in the respective column of different stages 

of structural flood mitigation project (e.g. levee).  
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If you think any important indicator should be included in the list, please include 

them and provide a scale of importance. 

 

[Note:    Definition of project stages 

Planning and Design: several studies and designing the flood mitigation project until finalization of 

the design of the project. 

Construction: Construction of the project including monitoring of construction activities. 

Commissioning (Post-construction evaluation): The finally built project and starting operation of the 

project 

During flood: Monitoring the performance of the project during actual flooding. 

Modification: Assessment of the project if any modification or changes needed to the project. 

Modification or upgrading may be required after a major flood event. Changes of the project may be 

undertaken if the authority decides to use the project site and structures for other purposes alongside 

flood mitigation (e.g. levee can also be developed as road or recreational facility in future).  

All stages are not included in the following tables as the indicators will be similar for some stages. ] 

 

Scale of importance: 

5 = Very important;     4 = Important;   3 = Neutral;   2 = Less important; 1 = 

Not relevant 

[Instruction for giving a score: You should think whether the indicator is required to evaluate the project status/ 

performance in the particular stage of the project. Then, you should consider how much important is the indicator for 

evaluating the project at the particular stage. You can put score column-wise, for example, first, you can give a score 

to all relevant indicators in the ‘Planning and design stage’ column, then in the next column and so on. Each indicator 

may have a different level of importance in different stages of the project. Please mention all of them, if relevant. Some 

scores (red italic texts) are given as an example. ] 

Sl. 
Sustainability criteria and 

indicators 

Measuring unit/ 

parameter 

Major stages of 

project 
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Objective 1: Sustainable flood risk reduction  

A Flooding characteristics change  

A

1 

Design Flood Level (Level of flood 

protection by the levee in the 

project area) 

ARI (e.g. 1:50, 1:100) 5 5 5 5 

A

2 

Change of flood level outside 

project area in future 

Increase/ Decrease (% of 

flooded area) 
4    

A

3 

Create new type of flooding (by 

different causes) in future (e.g. 

Drainage congestion due to heavy 

rainfall instead of river overflow) 

Yes / No/ Likelihood 4 3 5 4 

A

4 

Change  of river morphology due to 

sedimentation 

Change of river bed level 

(m) 
3    



 

118 

Sl. 
Sustainability criteria and 

indicators 

Measuring unit/ 

parameter 

Major stages of 
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A

5 

Create new channel for flooding 

outside the project area 
Channel (km) 2    

B Flood damage reduction       

B

1 

Reduction of commercial/ 

industrial  damage 

Value of production ($) / % 

of expected damage due to 

the Probable Max Flood 

    

B

2 

Reduction of residential property 

damage 

Value of properties saved 

($) / % of expected damage 

due to the Probable Max 

Flood 

    

B

3 

Reduction of damage to roads and 

railways 

Rehabilitation cost saved 

($) / % of expected damage 

due to the Probable Max 

Flood 

    

B

4 

Reduction of damage to critical 

infrastructures (e.g. hospital/clinic, 

police, fire service, child care, 

community halls, educational 

institutes, etc.) 

Rehabilitation cost saved 

($) / % of expected damage 

due to the Probable Max 

Flood 

    

B

5 

Reduction of damage to utility 

services (water supply and 

sewerage, power supply, and 

telecommunication 

Rehabilitation cost saved 

($) / % of expected damage 

due to the Probable Max 

Flood 

    

B

6 
Income loss Wage per HH per day ($)     

B

7 
Reduction of agricultural damage 

Value of agri-production 

saved ($) / % of expected 

damage due to the Probable 

Max Flood 
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5. Indicators for each sustainability criteria under Objective 2 (Contribution to 

the sustainable development of the floodplain) are listed in the following 

table. Please provide the value according to the scale of importance in the 

respective column of different stages of structural flood mitigation project 

(e.g. levee).  

If you think any important indicator should be included in the list, please 

include them and provide a scale of importance. 

Scale of importance: 

5 = Very important;     4 = Important;   3 = Neutral;   2 = Less important; 1 = 

Not relevant 
Each indicator may have a different level of importance in different stages of the project. Please mention all of them, 

if relevant. 
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Objective 2: Contribution to sustainable development of the floodplain  

C Environmental improvement (in the project area) 

C1 
Extent of land used for the levee 

construction 

Area (km2) (or  m2)  or % of 

total project area (or flood 

affected area by PMF) 

   

C2 
Use of natural landform to manage 

flooding  in the project area 

% of total project area or 

flood affected area by PMF 
   

C3 

Loss (or enhancement) of floodplain 

habitat for aquatic and terrestrial 

animals  

Area (km2) or % of 

floodplain in the project area 
   

C4 
Conservation of landscape features 

(e.g. hedges, archaeological features) 

Yes / No / Area (km2 or m2)   

or % of total project area (or 

flood affected area by PMF) 

   

C5 

Creation of new landscape features 

other than the levee (e.g. park/ 

walkway) 

Area (km2 or m2)   or % of 

total project area (or flood 

affected area by PMF) 

   

C6 
Diversion of natural water flows from 

the flood channel 

m3/s  or % of existing total 

flood flow at Design Flood 
   

D Social affairs  (in the project area) 

D1 
Displacement of people (direct/ 

indirect) due to levee project 

No. of people  or % of 

affected property or 

household 

   

D2 Safety of life 

No. of flood victims (death) 

or Likelihood of existence of 

death threat to people due to 

flood 

   

D3 Property development areas 

Total area of properties 

(km2) or % of change per 

year 
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Sl. 
Sustainability criteria and 

indicators 

Measuring unit/ 

parameter 
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D4 Population growth  % per year    

D5 
Highly vulnerable population (Child, 

elderly and autistic) 
% of total population    

D6 

Community preparedness for floods 

higher than protection level of the 

levee 

% of households taking 

preventive measures 
   

D7 Acceptance by the stakeholders 

No. of complaints/ conflict 

raised or % of affected 

property owner/ parties 
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Objective 2: Contribution to sustainable development of the floodplain  

E Economy(in the project area) 

E1 Project life cycle cost Total amount (Million $)    

E2 Share of funds from local government 
% of total project life cycle 

cost 
   

E3 
Contribution of local community to 

O&M cost 
% of total O&M cost    

E4 Resettlement cost of people Total amount ($)    

E5 Unemployment rate % of workforce    

E6 Agricultural production 
Value of production ($) in 

flood season per year 
   

E7 Commercial/industrial production 
Annual gross income ($) / 

Value of production ($) 
   

E8 Property value % of price change    

E9 Financial viability (over project life) Benefit - cost ratio    

F Policy and institutions  (in the region) 
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Objective 2: Contribution to sustainable development of the floodplain  

F1 

Existence of updated regional and 

local flood mitigation plan and 

planning scheme for the project area 

Yes / No or Status of plans 

and policies 
   

F2 
Separate institutional unit for the 

project 

Yes / No or Status of 

institutional unit 
   

F3 Ensured community participation 
Yes / No or  Level of 

participation 
   

F4 
Database management system for the 

project 
Yes / No     

F5 Internal audit for the project Yes / No    

F6 Engagement of local contractors 
% of total work or Level of 

engagement 
   

F7 

Engagement of local professionals in 

both project implementing agency 

and the contractors 

% of staffs (% of total staffs 

in the project) 
   

 

6. Please provide if you have any further suggestions. 

 

 

 

 

Please return the filled-in questionnaire to Mr. Shah via email: 

m.shah@griffith.edu.au 

  

mailto:m.shah@griffith.edu.au
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APPENDIX – 2: AREA OF FLOODPLAIN AFFECTED BY 

THE CASE STUDY LEVEE PROJECTS 

 

Figure A2-1: Area affected by Dale Street levee project at 1% and 2% AEP flood event 
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Figure A2-2: Area affected by Narda Lagoon levee project at 0.2% AEP flood event 
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APPENDIX – 3: DETAIL LIST OF SUSTAINABILITY INDICATORS 

 

Table A3-1: Preliminarily selected sustainability assessment criteria and indicators 

Sl. Sustainability criteria and indicators Measuring unit/ parameter 
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Objective 1: Sustainable flood risk reduction 

A Flooding pattern         

A1 Flood prevention in the project area ARI (1:20, 1:50, 1:100) x   x x x    

A2 Change of flood level outside project area in future Increase/ Decrease (%) x   x x x x  

A3 Duration of flood inundation Hours x   x x x x  

A4 Create new type of flooding (by different causes) in 

future 

Drainage congestion due to 

heavy rainfall 
x   x x x x 

 

A5 Change  of river morphology due to sedimentation Change of river bed level (m) x   x x x x  

A6 Create new flood ways Floodway (m) x   x x x x  

          

B Flood damage reduction         

B1 Commercial/ industrial  damage Value of production ($) x   x x x x  

B2 Residential property damage Value of property repair ($) x   x x x x  

B3 Damage to roads and railways km x   x x x x  

B4 Damage to critical infrastructures (e.g. hospital/clinic, 

police, fire service, child care, community halls, 

educational institutes, etc.) 

Cost of repair ($) 

x   x x x x 
 

B5 Damage to water supply and sewerage Cost of repair ($) x   x x x x  
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Sl. Sustainability criteria and indicators Measuring unit/ parameter 

Project stages 

L
in

k
a
g
e 

to
 

S
u

st
a
in

a
b

le
 

d
ev

el
o
p

m
en

t 
g
o
a
l/

 

o
b

je
ct

iv
e
 

D
es

ig
n

 

C
o
n
st

ru
ct

io
n

 

C
o
m

m
is

si
o
n
in

g
 

D
u
ri

n
g
 f

lo
o
d

 

R
eg

u
la

r 

in
te

rv
al

 

M
o
d
if

ic
at

io
n

 

B6 Damage to power supply and telecommunication Cost of repair ($) x   x x x x  

B7 Road closure time Hours per flood event x   x x x x  

B8 Evacuation cost per households Cost of evacuation per HH per 

flood event ($) 
x   x x x x 

 

B9 Income loss Wage per HH per flood event ($) x   x x x x  

B10 Agricultural damage Value of agri-production ($) x   x x x x  

Objective 2: Contribution to sustainable development of the floodplain 

C Environment         

C1 Extent of land used for the project Area (km2) x   x x x x  

C2 Use of natural landform to manage flooding  in the project area % of total project area x   x x x x  

C3 Loss (or enhancement) of floodplain habitat for 

aquatic life 

Area (km2) 
x   x x x x 

 

C4 Loss (or enhancement) of floodplain habitat for 

terrestrial animals 

Area (km2) 
x   x x x x 

 

C5 Fragmentation of habitats Yes / No x   x x x x  

C6 Extent of plantation (tree cover) Area (km2) x   x x x x  

C7 Conservation of landscape features (e.g. hedges, archaeological 

features). 
 x x x x x x  

C8 Creation of new landscape feature other than the levee Area (km2) x   x x x x  

C9 Re-use/ recycling of construction wastes  % of total amount x x          

C10 Dredged/Excavated materials m3 x x          

C11 Water use for construction and maintenance Million Litre per Day (MLD) x x x x x x  

C12 Diversion of natural water flow from the flood channel m3/s x x x x x x  
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Sl. Sustainability criteria and indicators Measuring unit/ parameter 
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C13 Air pollution by the project Level of particulate matters 

(PM2.5) 
x x         

 

C14 Water pollution by the project Level of dissolved oxygen (ppm) x x          

C15 Noise pollution by the project Noise level (dB) x x          

C16 Facilitating environmental pollution (air, water, 

noise) by future development 

Yes / No 
x   x x x x 

 

C17 Visual impact Yes / No x x x x x x  

C18 Material use (earthworks) from local sources m3  (or % of total soil 

requirement) 
x x         

 

C19 Requirement for site restoration and remediation following 

construction 
Area (m2) x x          

          

D Social affairs         

D1 Displacement of people (direct/ indirect) No. of people x x          

D2 Safety of life No. of flood victims x   x x x x  

D3 Property development areas Total area of properties (km2) x x x x x x  

D4 Population growth  % per year x x x x x x  

D5 Population density No. of people/ km2 x x x x x x  

D6 Occupation diversity Number of types of occupation x x x x x x  

D7 Child, elderly and autistic population % of total population x x x x x x  

D8 Housing density No. of properties / km2 x x x x x x  

D9 Disease in flood season No. of patients x x x x x x  

D10 
Community values to the project site (e.g. flood 

protection/ recreation park, fellow land) 

% of people support 
 x  x  x  x  x  x 

 



127 

Sl. Sustainability criteria and indicators Measuring unit/ parameter 

Project stages 

L
in

k
a
g
e 

to
 

S
u

st
a
in

a
b

le
 

d
ev

el
o
p

m
en

t 
g
o
a
l/

 

o
b

je
ct

iv
e
 

D
es

ig
n

 

C
o
n
st

ru
ct

io
n

 

C
o
m

m
is

si
o
n
in

g
 

D
u
ri

n
g
 f

lo
o
d

 

R
eg

u
la

r 

in
te

rv
al

 

M
o
d
if

ic
at

io
n

 

D11 Encroachment of cultural heritage sites Area (m2) x x          

D12 Rate of urbanization % of total area x x x x x x  

D13 
Community perception on flood safety and residual 

risk 

% of HH aware of flood level 

protection by the levee 
x x x x x x 

 

D14 
Community preparedness for floods higher than 

protection level of the levee 

% of HH taken preventive 

measures 
x x x x x x 

 

D15 Acceptance by the stakeholders No. of complaints/ conflict raised   x  x  x  x  x  x  

          

E Economy         

E1 Project life cycle cost Total amount (Million $) x x x x x x  

E2 Share of funds from local government % of total project life cycle cost x x          

E3 Contribution of local community to O&M cost % of total O&M cost x   x x x    

E4 Resettlement cost of people Total amount ($) x x          

E5 Cost for demolition of structures Total amount ($) x x          

E6 Cost for Environmental Management Plan Total amount ($) x x          

E7 Unemployment rate % of workforce x x x x x x  

E8 Agricultural production Value of production ($) in flood 

season per year 
x   x x x x 

 

E9 Commercial/industrial production Annual gross income ($) / Value 

of production ($) 
x   x x x x 

 

E10 Property value Value per sq. meter ($) x   x x x x  

          

F Policy and institutions         

F1 Updated regional and local flood mitigation plan Yes / No x x x x x x  
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F2 Institutional unit for the project Yes / No x x x x x x  

F3 Fund allocation for the project Yes / No x x          

F4 Ensured community participation Yes / No x x x x x x  

F5 Database management system for the project Yes / No x x x x x x  

F6 Internal audit for the project Yes / No x x x x x x  

F7 Engagement of local contractors % of total work x x          

F8 

Engagement of local professionals in both project 

implementing agency and the contractors 

% of staffs 
x x x x x x 

 

F9 Updated planning scheme for the project area Yes / No x x x x x x  
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Table A3-2: Ranking of the sustainability indicators according to experts’ judgement  

Note: Score of preference is given in a 1-5 scale where 5 = Very important;     4 = Important;   3 = Neutral;   2 = Less important; 1 = Not relevant 
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of table 
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Objective 1: Sustainable flood risk reduction             

A Flooding characteristics change              

A1(A1) 
Design Flood Level (Level of flood protection 

by the levee in the project area) 
ARI (e.g. 1:50, 1:100) 5.0 

 
4.4 4.7 

x 
5.0 

A2 (A2) 
Change of flood level outside project area in 

future 
Increase/ Decrease (% of flooded area) 4.6 

 
3.8 4.1 

x 
4.4 

A3 (A4) 

Create new type of flooding (by different 

causes) in future (e.g. Drainage congestion due 

to heavy rainfall instead of river overflow) 

Yes / No/ Likelihood 4.6 

 

3.6 4.5 

x 

4.4 

A4 (A5) 
Change  of river morphology due to 

sedimentation 
Change of river bed level (m) 3.3 

 
2.3 3.1 

x 
3.2 

A5 (A6) 

Create new channel for flooding outside the 

project area 

 

Channel (km) 3.0 

 

2.1 3.0 

x 

3.2 

B Flood damage reduction             
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B4 (B4) 

Reduction of damage to critical infrastructures 

(e.g. hospital/clinic, police, fire service, child 

care, community halls, educational institutes, 

etc.) 

Rehabilitation cost saved ($) / % of expected 

damage due to the Probable Max Flood 
4.9 

 

3.6 4.3 

x 

4.6 

B2 (B2) Reduction of residential property damage 
Value of properties saved ($) / % of expected 

damage due to the Probable Max Flood 
4.8 

 
3.0 4.3 

x 
4.6 

B3 (B3) Reduction of damage to roads and railways 
Rehabilitation cost saved ($) / % of expected 

damage due to the Probable Max Flood 
4.8 

 
3.4 4.4 

x 
4.5 

B5 

(B5,B6) 

Reduction of damage to utility services (water 

supply and sewerage, power supply and 

telecommunication 

Rehabilitation cost saved ($) / % of expected 

damage due to the Probable Max Flood 
4.8 

 

3.8 4.4 

x 

4.8 

B7 

(B10) 
Reduction of agricultural damage 

Value of agri-production saved ($)  / % of 

expected damage due to the Probable Max 

Flood 

4.1 

 

3.0 4.0 

x 

4.1 

B1 (B1) Reduction of commercial/ industrial  damage 
Value of production ($) / % of expected damage 

due to the Probable Max Flood 
4.1 

 
3.1 3.6 

x 
4.0 

B6 (B9) 
Income loss 

 
Wage per HH per day ($) 3.6 

 
3.0 3.4 

x 
3.6 

Objective 2: Contribution to sustainable development of the floodplain     
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C 
Environmental improvement (in the project 

area) 
    

 
    

 
  

C1 (C1) Extent of land used for the levee construction 
Area (km2) (or  m2)  or % of total project area 

(or flood affected area by PMF) 
4.3 

 
2.9 

 x 

x 
3.4 

C2 (C2) 
Use of natural landform to manage flooding  in 

the project area 

% of total project area or flood affected area by 

PMF 
4.0 

 
3.1 

 x 

x 
3.6 

C3 

(C3,C4) 

Loss (or enhancement) of floodplain habitat for 

aquatic and terrestrial animals  
Area (km2) or % of floodplain in the project area 3.7 

 
3.0 

 x 

x 
3.3 

C5(C8) 
Creation of new landscape feature other than the 

levee (e.g. park/ walkway) 

Area (km2) or % of total project area (or flood 

affected area by PMF) 
3.3 

 
3.0 

 x 

x 
3.0 

C6 

(C12) 

Diversion of natural water flow from the flood 

channel 

m3/s  or % of existing total flood flow at Design 

Flood 
3.3 

x 
2.9 

 x 

x 
3.1 

C4 (C7) 
Conservation of landscape features (e.g. hedges, 

archaeological features) 

Yes / No  / Area (km2 or m2)   or % of total 

project area (or flood affected area by PMF) 
2.7 

x 
2.6 

 x 

x 
2.6 

D Social affairs  (in the project area)             

D2 (D2) Safety of life 
No. of flood victims (death) or Likelihood of 

existence of death threat to people due to flood 
5.0 

x 
4.5 

 x 

x 
5.0 

D1 (D1) 
Displacement of people (direct/ indirect) due to 

levee project 

No. of people or % of affected property or 

household 
4.6 

 
4.4 

  

 
4.5 
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D5 (D6) 
Highly vulnerable population (Child, elderly 

and autistic) 
% of total population 4.4 

x 
4.9 

 x 

x 
4.7 

D6 

(D13) 

Community preparedness for floods higher than 

protection level of the levee 
% of households taking preventive measures 4.4 

x 
4.0 

 x 

x 
4.3 

D7 

(D14) 
Acceptance by the stakeholders 

No. of complaints/ conflict raised  or % of 

affected property owner/ parties 
4.1 

x 
3.3 

 x 

x 
3.9 

D4 (D4) Population growth  % per year 3.9 x 2.8  x x 3.8 

D3 (D3) Property development areas 

Total area of properties (km2)  or % of change 

per year 

 

3.7 

x 

2.6 

 x 

x 

3.6 

E Economy(in the project area)             

E9 Financial viability (over project life) Benefit - cost ratio 5.0 x 5.0  x 
x 5.0 

E1 (E1) Project life cycle cost Total amount (Million $) 4.5 x 3.9  x x 4.4 

E4(E4) Resettlement cost of people Total amount ($) 4.3  3.6   
 4.0 

E6(E8) Agricultural production Value of production ($) in flood season per year 4.1  3.6  x 
x 4.0 

E7(E9) Commercial/industrial production 
Annual gross income ($) / Value of production 

($) 
4.1 

 
3.6 

 x 

x 
4.0 

E2(E2) Share of funds from local government % of total project life cycle cost 4.0 x 3.5    3.9 
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E3(E3) Contribution of local community to O&M cost % of total O&M cost 3.9  3.8  x x 3.9 

E8(E10) Property value % of price change 3.0  2.3  x x 2.6 

E5(E7) Unemployment rate % of workforce 2.9 x 2.9  x x 2.9 

F Policy and institutions  (in the region)             

F1 

(F1,F9) 

Existence of updated regional and local flood 

mitigation plan and planning scheme for the 

project area 

Yes / No or  Status of plans and policies 4.6 

x 

3.6 

 x 

x 

3.9 

F3 (F4) Ensured community participation Yes / No or  Level of participation 4.3 x 3.6  x x 4.0 

F7 (F8) 

Engagement of local professionals in both 

project implementing agency and the 

contractors 

% of total staffs in the project 3.4 

x 

3.1 

 x 

x 

3.5 

F2(F2) Separate institutional unit for the project Yes / No or Status of institutional unit 3.1 x 2.6  x x 2.9 

F6 (F7) Engagement of local contractors % of total work or Level of engagement 3.1 x 3.3    3.4 

F4 (F5) Database management system for the project Yes / No 2.9 x 2.5  x x 2.9 

F5 (F6) Internal audit for the project Yes / No 2.9 x 2.9  x x 3.3 

Note: ‘x’ means not applicable to the stage of the project life cycle. 

Table A3-3: Target and score for the sustainability indicators used for Dale Street levee and Narda Lagoon levee projects 
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Sl. 

Sustainability 

criteria and 

indicators 

Measuring 

parameter 

Target value* Score for different values* 

Max 

  
Min 

  

1 2 3 4 5 

Highly 

negative 

impact 

Negative 

impact 
Neutral 

Positive 

impact 

Highly positive 

impact 

Objective 1: Sustainable flood risk reduction        

Criteria-A. Flooding characteristics change          

A1 Design Flood Level  
ARI (e.g. 1:50, 

1:100) 
1:100 and over 1:5 1:5 1:10 1:20 1:50 1:100 and over 

A2 

Change of flood level 

outside project area in 

future 

Increase (% of 

flooded area) 
0% 15% >15% 10-15% 5-10% <5% 0% 

A3 

Create new type of 

flooding (by different 

causes) in future (e.g. 

due to heavy rainfall 

instead of river 

overflow) 

Yes / No 

(/likelihood) 
Very unlikely Very likely Very likely Likely Neutral Unlikely Very unlikely 

Criteria-B. Flood damage reduction         

B1 

Reduction of 

residential property 

damage 

Value of properties 

saved ($) (% of 

expected damage 

due to the Probable 

Max Flood) 

81-100% 0-20% 0-20% 21-40% 41-60% 61-80% 81-100% 

B2 

Reduction of damage 

to roads and railways 

(road repair and clean-

up cost for Dale street) 

Rehabilitation cost 

saved ($) (% of 

expected damage 

due to the Probable 

Max Flood) 

81-100% 0-20% 0-20% 21-40% 41-60% 61-80% 81-100% 

Objective 2: Contribution to sustainable development of the floodplain           
Criteria-C. Environmental improvement (in the 

project area)               



135 

Sl. 

Sustainability 

criteria and 

indicators 

Measuring 

parameter 

Target value* Score for different values* 

Max 

  
Min 

  

1 2 3 4 5 

Highly 

negative 

impact 

Negative 

impact 
Neutral 

Positive 

impact 

Highly positive 

impact 

C1 

Extent of land used for 

the levee construction 

(and detention basin 

and concrete wall) 

Area (km2) (or  m2)  

or (% of total 

project area (or 

flood affected area 

by PMF)) 

0-20% >50% >50% 41-50% 31-40% 21 -30% 0-20% 

C2 

Use of natural 

landform to manage 

flooding  in the project 

area 

% of total project 

area (or flood 

affected area by 

PMF) 

81-100% 0-20% 0-20% 21-40% 41-60% 61-80% 81-100% 

C3 

Loss (or 

enhancement) of 

floodplain habitat 

(aquatic and 

terrestrial)  

Area (km2) (% of 

floodplain in the 

project area) 
0-10% >30% >30% 26-30% 21-25% 11 -20% 0-10% 

C4 

Creation of new 

landscape feature 

other than the levee 

(e.g. park/ walkway) 

Area (km2 or m2)  (% 

of total project area 

(or flood affected 

area by PMF)) 

>20% <5% <5% 5 - 10% 10 - 15% 15 - 20% >20% 

C5 

Diversion of natural 

water flow from the 

flood channel 

m3/s (% of existing 

total flood flow at 

Design Flood) 
0% 10% or over >10% 5 -10% 2-5% <2% 0% 

Criteria-D. Social affairs  (in the project area)         

D1 Safety of life 

No. of flood victims 

(death) ( or 

Likelihood of 

existence of death 

threat to people due 

to flood) 

Very unlikely Very likely Very likely Likely Neutral Unlikely Very unlikely 
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Sustainability 

criteria and 

indicators 

Measuring 

parameter 

Target value* Score for different values* 

Max 

  
Min 

  

1 2 3 4 5 

Highly 

negative 

impact 

Negative 

impact 
Neutral 

Positive 

impact 

Highly positive 

impact 

D2 

Displacement of 

people  due to levee 

project 

No. of people (% of 

affected property or 

household) 
0-10% >30% >30% 26-30% 21-25% 11 -20% 0-10% 

D3 

Highly vulnerable 

population (Child, 

elderly and autistic) 

% of total 

population 
0-10% >30% >30% 26-30% 21-25% 11 -20% 0-10% 

D4 

Community 

preparedness for 

floods 

% of HH taken 

preventive measures 
81-100% 0-20% 0-20% 21-40% 41-60% 61-80% 81-100% 

D5 
Acceptance by the 

stakeholders 

No. of complaints/ 

conflict raised (% of 

affected property 

owner/ parties) 

0-20% >50% >50% 41-50% 31-40% 21 -30% 0-20% 

D6 Population growth  % per year <0.5% >2% >2% 1.5-2% 1-1.5% 0.5-1% <0.5% 

D7 
Change of Property 

development areas 

Total area of 

properties (km2) (% 

of change per year) 
<0.5% >2% >2% 1.5-2% 1-1.5% 0.5-1% <0.5% 

Criteria-E. Economy(in the project area)         

 E1 
Financial viability 

(over project life) 
Benefit - cost ratio > 2.0 <1.0 <1.0 1.0 1.1 - 1.5 1.6 - 2.0 > 2.0 

E2 
Share of funds from 

local government 

% of total project 

life cycle cost 
81-100% 0-20% 0-20% 21-40% 41-60% 61-80% 81-100% 

E3 

Contribution of local 

community  (or the 

council) to O&M cost  

% of total O&M 

cost 
81-100% 0-20% 0-20% 21-40% 41-60% 61-80% 81-100% 

Criteria-F. Policy and institutions  (in the region)                

F1 
Existence of updated 

regional and local 

Yes/No (Status of 

plans and policies) 

Detail and 

specific to local 
Not at all Not at all 

Only 

national, not 

Only 

national and 

Only 

national, 

Detail and 

specific to local 
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Sustainability 
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Measuring 

parameter 

Target value* Score for different values* 

Max 

  
Min 

  

1 2 3 4 5 

Highly 

negative 

impact 

Negative 

impact 
Neutral 

Positive 

impact 

Highly positive 

impact 

flood mitigation plan 

and planning scheme  
planning 

schemes and 

catchments 

specific for 

region/local 

regional, not 

specific for 

local 

regional and 

local 

council, not 

specific for 

planning 

scheme 

planning 

schemes and 

catchments 

F2 
Ensured community 

participation 

Yes / No (Level of 

participation)  

Institutionalized 

participation 

(registered 

group; 

engagement in 

project design, 

impact 

assessment, and 

monitoring in 

future 

No 

participation 

No 

participation 

Non-

structured 

(On/off) 

participation 

in project 

planning 

only 

Participation 

in only 

project 

design and 

impact 

assessment, 

not in future 

monitoring 

Informal 

participation 

(engagement 

in project 

design, 

impact 

assessment, 

and 

monitoring 

in future 

Institutionalized 

participation 

(registered 

group; 

engagement in 

project design, 

impact 

assessment, and 

monitoring in 

future 

F3 

Engagement of local 

professionals in both 

project implementing 

agency and the 

contractors (Resident 

citizen of the country 

or state) 

% of staffs 91-100% <61% <61% 61-70% 71-80% 81-90% 91-100% 

F4 
Separate institutional 

unit for the project 

 Yes / No (Status of 

institutional unit)  

Have separate 

unit for 

planning, impl. 

No 

institutional 

positions or 

No 

institutional 

positions or 

Engage the 

existing 

staffs from 

Have 

specific 

persons 

Have special 

unit for 

disaster 

Have separate 

unit for 

planning, impl. 
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Sustainability 

criteria and 

indicators 

Measuring 

parameter 

Target value* Score for different values* 

Max 

  
Min 

  

1 2 3 4 5 

Highly 

negative 

impact 

Negative 

impact 
Neutral 

Positive 

impact 

Highly positive 

impact 

& maint. of 

flood mitigation 

projects 

staffs, hire 

staff for the 

project only. 

staffs, hire 

staff for the 

project only. 

other 

projects to 

work for the 

FM projects 

ad-hoc basis 

only. 

assigned for 

FM projects, 

but not 

separate 

unit. 

management 

where FM 

project are 

included. 

& maint. of 

flood mitigation 

projects 

F5 

Engagement of local 

contractors (based in 

the country or state) 

% of total work 

(Level of 

engagement)  

Local 

contractors 

based in the 

state are 

engaged for the 

whole project. 

International 

contractors 

based in 

outside the 

country are 

engaged for 

the whole 

project. 

International 

contractors 

based in 

outside the 

country are 

engaged for 

the whole 

project. 

Local 

contractors 

based in the 

country or 

state is 

engaged for 

part of the 

project, and 

part by 

international 

contractors. 

Local 

contractors 

based in the 

country (but 

from 

different 

state) are 

engaged for 

the whole 

project. 

Local 

contractors 

based in the 

state are 

engaged for 

part of the 

whole 

project, and 

part by the 

national 

level 

contractors. 

Local 

contractors 

based in the 

state are 

engaged for the 

whole project. 

*Note: The target values (maximum and minimum) of some of the indicators were set according to the planning objective of the regional councils for the proposed flood 

mitigation levee project. And, target values of some indicators were set according to the socio-economic trends of the region and state. Also, the targets for few indicators (e.g. 

policy and institution related indicators) were set by the researcher based on qualitative judgement in relation to long term sustainability of the project. The scores for different 

levels of values of the indicators were distributed by the researcher relating to the positive and negative impact towards sustainability of the project and sustainable development 

of the floodplain. This set of indicators, target values and scores are used as example for sustainability assessment of flood mitigation projects. In practical cases, the target 

values and score can be modified and should be defined by the planners and policy makers depending on the condition of the projects.  
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Table A3-4: Score of Sustainability Index for Dale Street levee project for planning stage (step 2) of alternative B (commissioning) 

Sl. Sustainability criteria and indicators Measuring parameter Current value Score 

Weightage 

(total=100

) 

Weighted 

sum 

Objective 1: Sustainable flood risk reduction     60  
Criteria-A. Flooding characteristics change         25   

A1 Design Flood Level  ARI (e.g. 1:50, 1:100) 1:50 4 15 60 

A2 
Change of flood level outside project area 

in future 
Increase/ Decrease (% of flooded area) 

0% 5 5 25 

A3 

Create new type of flooding (by different 

causes) in future (e.g. due to heavy rainfall 

instead of river overflow) 

Yes / No (/likelihood) Unlikely 
4 5 20 

Criteria-B. Flood damage reduction        35   

B1 Reduction of residential property damage 

Value of properties saved ($) (% of 

expected damage due to the Probable 

Max Flood) 87.80% 5 25 125 

B2 

Reduction of damage to roads and railways 

(road repair and clean-up cost for Dale 

street) 

Rehabilitation cost saved ($) (% of 

expected damage due to the Probable 

Max Flood) 100% 5 10 50 

Objective 2: Contribution to sustainable development of the floodplain       40   

Criteria-C. Environmental improvement (in the project area)     10   

C1 

Extent of land used for the levee 

construction (and detention basin and 

concrete wall) 

Area (km2) (or  m2)  or (% of total 

project area (or flood affected area by 

PMF)) 44.72 2 1 2 

C2 
Use of natural landform to manage flooding  

in the project area 

% of total project area (or flood affected 

area by PMF) 29.8 2 3 6 

C3 
Loss (or enhancement) of floodplain habitat 

(aquatic and terrestrial)  

Area (km2) (% of floodplain in the 

project area) 0% 5 2 10 
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Sl. Sustainability criteria and indicators Measuring parameter Current value Score 

Weightage 

(total=100

) 

Weighted 

sum 

C4 
Creation of new landscape feature other 

than the levee (e.g. park/ walkway) 

Area (km2 or m2)  (% of total project area 

(or flood affected area by PMF)) 
12.49 3 3 9 

C5 
Diversion of natural water flow from the 

flood channel 

m3/s (% of existing total flood flow at 

Design Flood) 0% 5 1 5 

Criteria-D. Social affairs  (in the project area)        10   

D1 Safety of life 
No. of flood victims (death) (existence 

of death threat to people due to flood) 
Very unlikely 

5 3 15 

D2 
Displacement of people  due to levee 

project 

No. of people (% of affected property or 

household) 22% 3 1 3 

D3 
Highly vulnerable population (Child, 

elderly and autistic) 
% of total population 15.14% 4 1 4 

D4 Community preparedness for floods % of HH taken preventive measures 
100% 5 1 5 

D5 Acceptance by the stakeholders 
No. of complaints/ conflict raised (% of 

affected property owner/ parties) 
7% 5 2 10 

D6 Population growth  % per year 1.31% 3 1 3 

D7 Change of Property development areas 
Total area of properties (km2) (% of 

change per year) 1.50% 3 1 3 

Criteria-E. Economy(in the project area)        15   

E1 Financial viability (over project life) Benefit - cost ratio 2.1 5 10 50 

E2 Share of funds from local government % of total project life cycle cost 45% of total cost 3 3 9 

E3 
Contribution of local community  (or the 

council) to O&M cost  
% of total O&M cost 100% 5 2 10 

Criteria-F. Policy and institutions  (in the 

region) 
      5   



141 

Sl. Sustainability criteria and indicators Measuring parameter Current value Score 

Weightage 

(total=100

) 

Weighted 

sum 

F1 
Existence of updated regional and local 

flood mitigation plan and planning scheme  
Yes/No (Status of plans and policies) 

Yes (Detail and specific 

to local planning schemes 

and catchments) 5 2 10 

F2 Ensured community participation Yes / No (Level of participation)  

Yes (Informal 

participation 

(engagement in project 

design, impact 

assessment, and 

monitoring in future) 4 1 4 

F3 

Engagement of local professionals in both 

project implementing agency and the 

contractors (Resident citizen of the country 

or state) 

% of staffs 

100% 5 0.5 2.5 

F4 Separate institutional unit for the project  Yes / No (Status of institutional unit)  

Yes (Have special unit for 

disaster management 

where FM project are 

included.) 4 1 4 

F5 
Engagement of local contractors (based in 

the country or state) 
% of total work (Level of engagement)  

Yes (Local contractors 

based in the state are 

engaged for the whole 

project.) 5 0.5 2.5 

     SI = 447 

Note: The current values of the indicators were taken from various reports of the Dale street levee project provided by MBRC. Value of some the 

social indicators were taken as similar to the regional value (e.g. population growth). And some values were assumed (e.g. community 

preparedness).  
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Table A3-5: Score of Sustainability Index for Laidley flood mitigation project (Narda Lagoon levee) for planning stage (step 2 of the SA 

framework)   

Sl. Sustainability criteria and indicators Measuring parameter Current value Score 

Weightag

e 

(total=10

0) 

Weighted 

sum 

Objective 1: Sustainable flood risk reduction    60  
Criteria-A. Flooding characteristics change     25   

A1 Design Flood Level  AEP (e.g. 1%, 0.5%, 0.2%) 0.2% AEP 5 15 75 

A2 
Change of flood level outside project area 

in future 
Increase (% of flooded area) 5% 

3 5 15 

A3 

Create new type of flooding (by different 

causes) in future (e.g. due to heavy rainfall 

instead of river overflow) 

Yes / No (/likelihood) 

Unlikely 4 5 20 

Criteria-B. Flood damage reduction    35   

B1 Reduction of residential property damage 

Value of properties saved ($) (% of 

expected damage due to the Probable 

Max Flood) 

44% 

3 25 75 

B2 
Reduction of damage to roads (roads flood 

free) 

Rehabilitation cost saved ($) (% of 

expected damage due to the Probable 

Max Flood) 

53% 

3 10 30 

Objective 2: Contribution to sustainable development of the floodplain     40   

Criteria-C. Environmental improvement (in the project area)    10   
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Sl. Sustainability criteria and indicators Measuring parameter Current value Score 

Weightag

e 

(total=10

0) 

Weighted 

sum 

C1 

Extent of land used for the levee 

construction (and detention basin and 

concrete wall) 

Area (km2) (or  m2)  or (% of total 

project area (or flood affected area by 

PMF)) 

3.80% 

5 1 5 

C2 
Use of natural landform to manage 

flooding  in the project area 

% of total project area (or flood 

affected area by PMF) 
0% 

1 3 3 

C3 
Loss (or enhancement) of floodplain 

habitat (aquatic and terrestrial)  

Area (km2) (% of floodplain in the 

project area) 
0% 

5 2 10 

C4 
Creation of new landscape feature other 

than the levee (e.g. park/ walkway) 

Area (km2 or m2)  (% of total project area 

(or flood affected area by PMF)) 
0% 

1 3 3 

C5 
Diversion of natural water flow from the 

flood channel 

m3/s (% of existing total flood flow at 

Design Flood) 
0% 

5 1 5 

Criteria-D. Social affairs  (in the project area)    10   

D1 Safety of life 
No. of flood victims (death) (existence 

of death threat to people due to flood) Very unlikely 5 3 15 

D2 
Displacement of people  due to levee 

project 

No. of people (% of affected property 

or household) 
0% 

5 1 5 

D3 
Highly vulnerable population (Child, 

elderly and autistic) 
% of total population 22% 

3 1 3 

D4 Community preparedness for floods % of HH taken preventive measures 100% 5 1 5 

D5 Acceptance by the stakeholders 
No. of complaints/ conflict raised (% of 

affected property owner/ parties) 
100% 5 2 10 

D6 Population growth  % per year 1.93% 2 1 2 

D7 Change of Property development areas 
Total area of properties (km2) (% of 

change per year) 
1% 3 1 3 

Criteria-E. Economy(in the project area)    15   

E1  Financial viability (over project life) Benefit - cost ratio 1.5 to 2 4 12 48 
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Sl. Sustainability criteria and indicators Measuring parameter Current value Score 

Weightag

e 

(total=10

0) 

Weighted 

sum 

E2 
Contribution of local community to O&M 

cost (or the council) 
% of total O&M cost 

100% 5 3 15 

Criteria-F. Policy and institutions  (in the region)    5   

F1 
Existence of updated regional and local 

flood mitigation plan and planning scheme  
Yes/No (Status of plans and policies) 

Yes (Detail and specific 

to local planning 

schemes and catchments) 5 2 10 

F2 Ensured community participation Yes / No (Level of participation)  

Yes (Informal 

participation 

(engagement in project 

design, impact 

assessment, and 

monitoring in future)) 4 1 4 

F3 

Engagement of local professionals in both 

project implementing agency and the 

contractors (Resident citizen of the country 

or state) 

% of staffs 

100% 5 0.5 2.5 

F4 Separate institutional unit for the project  Yes / No (Status of institutional unit)  

Yes (Have specific 

persons assigned for FM 

projects, but not separate 

unit.) 3 1 3 

F5 
Engagement of local contractors (based in 

the country or state) 
% of total work (Level of engagement)  

Yes (Local contractors 

based in the state are 

engaged for the whole 

project.) 5 0.5 2.5 

     SI = 369 
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Note: The current values of the indicators were taken from various reports of the Laidley flood mitigation project provided by LVRC. Value of 

some the social indicators were taken as similar to the regional value (e.g. population growth). Some values were estimated from the flood risk 

maps produced for the project (e.g. flood affected residential properties, roads) using ArcMap (GIS) tools. And some values were assumed (e.g. 

community preparedness).  

 

 




