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ABSTRACT 

 

The escalating frequencies and changing patterns of climate change effects such as 

precipitation rates and sea levels on existing floodplain catchments should raise a red 

flag regarding the un-coped design and planning criteria that designers and decision 

makers need to account for. 

In addition, the sustainability of the engineering infrastructure, which is under pressure 

from changing climate patterns, is vital. As a result, it is important to continuously 

assess and appraise the existing infrastructure—for instance, the reliability and 

resiliency of floodplain catchments—and therefore lessen the threatening impacts and 

risks. 

Research on flood emergency management is crucial in order to reduce the potential 

hazard of life and property loss. A flood impact assessment methodology is proposed 

and examined. The key technologies include a flood-routing simulation based on a two-

dimensional (2D) hydrodynamic model and a flood risk assessment based on 

performance assessment indicators. The 2D hydrodynamic model can quickly calculate 

flood-submerged areas, floodwater depth distribution and flood-routing times. The flood 

risk assessment has improved the efficiency of flood emergency management and could 

offer more help in relation to risk indications. The research results provide a developed 

tool to analyse flood risk rapidly and ensure that schemes are in place for flood 

resistance. 

The objectives of this research are to determine the performance of existing engineering 

infrastructure such as floodplain catchments, enhance the credibility of the hydraulic 

infrastructure assessment and develop an improved methodology to assess the existing 

infrastructure in relation to impacts by severe flooding events. Consequently, this 

research has integrated hydrodynamic modelling and the spatio-dynamic risk 

assessment method to evaluate impacts from extreme flood events and projected climate 

change scenarios. This distinctive method enhances and improves the risk visualisation 

process and accuracy, which are represented by flood risk maps. 

The featured method incorporates an explicit modelling approach to deduce the 

dependent variables from the 2D hydraulic model, which in turn results in lowering the 
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subjectivity error and increasing the level of reliability of risk depiction through the 

technical application of engineering sustainability (performance) assessment equations. 

The scope of this research is to assess the performance of the Nerang floodplain 

catchment on the Gold Coast with the impact of extreme weather events and projected 

climate change flood scenarios. First, the research develops a spatial 2D hydraulic 

simulation for the lower Nerang floodplain catchment as the investigation’s research 

domain. 

Second, the research develops a distinctive approach to perform a risk assessment 

model by assessing the performance of the catchment by measuring four variables: 

Vulnerability (β), Reliability (α), Resiliency (γ) (Hashimoto, 1982) and Flood Risk 

Index (Zongxue et al., 1998). These measurements demonstrate the overall performance 

in a spatially and hydrodynamically distributed approach for the targeted catchment. 

Finally, the research evaluates the performance results to verify the accuracy and 

reliability of the methodology developed for the catchment according to the deduced 

results from the risk assessment model. 

This investigation provides decision makers with an effective methodology and basic 

knowledge to evaluate and assess the performance of not only flood protection systems, 

but also any engineering infrastructure. 
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CHAPTER 1 INTRODUCTION 

1.1 Background and Motivation 

In the past decade, more frequent and intense storms and rising sea levels have been 

observed and monitored in Australia due to climate change, especially in southeast 

Queensland (Abbs, 2009). In addition, the escalating effects of climate change in 

Australia make it necessary to reassess existing catchments and assess the need for new 

catchments in areas that were not previously at risk from floods. The purpose of this 

research is to establish a distinctive methodology to assess the performance of flood 

control systems. 

To assess the effects of extreme weather events on flood control systems, a consistent 

methodology will be developed for engineering infrastructure risk assessment. In 

addition, the methodology will determine the most vulnerable sections in the study 

domain. Further, the hydraulic parameters will play an important role in assessing the 

performance of a floodplain catchment, including flood flows and up-stream and down-

stream conditions. The Nerang floodplain will be used as an example of how such an 

assessment can be accomplished in other areas at risk. The study will result in the 

development of a model that can be used to evaluate other catchment systems in other 

parts of the world. 

The focus of the research will be methodology development using the Nerang 

floodplain as an example. The analysis will use four primary variables to assess the 

performance of the catchment system. These variables were derived from previous 

research and a review of existing literature on floodplain catchment evaluations. The 

four variables are Vulnerability (β), Reliability (α), Resiliency (γ) (Hashimoto, 1982) 

and Flood Risk Index (FRI) (Zongxue et al., 1998). Measurements will illustrate the 

overall performance of the catchment system in a spatially distributed manner for the 

Nerang catchment system. 

The research results will ultimately evaluate the catchment’s performance and 

determine the actions that need to be taken in the Nerang catchment in case of extreme 

precipitation. The recommendations can be used to modify, upgrade or disregard the 

existing system as determined by the performance assessment. This research can be 

extended to the performance assessment of other catchment systems and coastal 

infrastructure. The most valuable contribution of the research will be to provide a 
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consistent methodology to assess the effects of extreme weather events not only on 

floodplain systems, but also on any engineering infrastructure. 

1.2 Objectives  

The logic behind conducting this research revolves around the cost of failure being 

greater than the cost of adaptation. Indeed, the world’s climate over the past decade has 

shown an astonishing amount of change that is affecting the Earth and its wildlife, as 

well as threatening humanity and disrupting the development of humankind, especially 

in coastal areas. 

It has now been accepted that climate change is happening, and it is already affecting 

engineering infrastructure. Governments need to take action to cope with the highly 

probable risks resulting from climate change, or they must accept the risks and their 

very high consequences. It is hoped that this study will prompt designers, planners and 

decision makers to analyse the effects of such changes on flood protection systems and 

develop strategies to help eliminate or reduce the problems. 

The objective of this research is to assess the performance of the current floodplain 

catchment of the lower Nerang River (Gold Coast, Australia) and to examine extreme 

climate change effects in the future with a view to develop new approaches and 

methodologies. 

The following tasks will be carried out to achieve the aim of developing a novel and 

consistent methodology for accurately assessing the performance of floodplain 

catchments: 

1. set up a hydraulic model to produce hydraulic parameters under extreme 

event influences 

2. establish a risk assessment model that is compatible with the hydraulic 

output results 

3. integrate the hydraulic model along with a risk assessment model 

4. assess the effects of extreme weather conditions on the floodplain 

catchment of the lower Nerang River spatio-dynamically. 
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1.3 Thesis Outline 

The first chapter of this report consists of an introduction to the research, which is 

supported by the research scope and significance. In addition, it provides a list of the 

main objectives that the research is committed to achieve. 

Chapter 2 presents a literature review that explores the global and local effects of global 

warming and climate change. The main study area is flooding in the region of southeast 

Queensland, especially the lower Nerang River floodplain catchment in the Gold Coast. 

In addition, this chapter discusses the change in weather patterns experienced in the 

Gold Coast area in terms of rainfall totals, sea levels and storm intensity and frequency. 

Moreover, it introduces global and local flooding, as well as a history of floods in the 

study domain. Next, an explanation is provided of some conceptual philosophies and 

theories for assessing engineering infrastructure, followed by the basics of an 

engineering (sustainability) performance assessment. A detailed explanation of the 

study domain—the lower Nerang River catchment—is then provided, followed by a 

clarification of hydraulic modelling and theories. Next, a deep exploration of the 

performance assessment or engineering sustainability and the indices is related. In 

addition, an explanation is provided of common risk assessment strategies that are used 

in the area of floodplain catchments. Finally, the chapter reviews the importance of 

simulation, followed by an illustration of the knowledge gap. 

Chapter 3 focuses on the research design framework and provides a detailed explanation 

of the two main phases of this research: hydraulic simulation and the risk model. This 

chapter narrates the novel methodology tailored for this research by listing phases and 

parts of the research framework and the road map to achieve the research’s objectives. 

Chapter 4 provides a description of the research’s two-dimension (2D) hydrodynamic 

simulation setup and a designation of the domain and bathymetry. It also presents the 

governing hydraulic theories and equations that are used in the hydrodynamic model, as 

well as a portrayal of the main simulation tool used in this research. This is followed by 

a demonstration of the hydrodynamic model in the study domain and the related 

calibration and verification process of the model used. In addition, all necessary model 

prerequisites and dynamic inputs are presented. Finally, the chapter applies the model to 

a selected extreme flood event in the lower Nerang catchment and suggests climate 

change projections. The next chapter will apply this model in both a spatial and 

temporal manner (spatiodynamic). 
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Chapter 5 presents the intrinsic aim of this research. It consists of spatiodynamic 

integration between hydraulic simulation and risk analysis modelling in order to assess 

the catchment’s engineering performance and sustainability. First, it explains the 

performance assessment essential equations in detail, as well as the assembly of the risk 

assessment model. Second, it applies a preliminary performance assessment test 

demonstration of the performance assessment equations, which is only for a selected 

point in the study domain. Third, it collaborates the results and outputs from Chapter 4 

(hydrodynamic model) to be the input for phase 2 (spatiodynamic integration) in order 

to establish the distinctive dynamic risk assessment model of this research. Fourth, the 

chapter depicts the application of the models that are going to be used, as well as the 

integration process used to implement the performance indicators in the study domain. 

Finally, the chapter demonstrates the procedure of generating the main output of this 

research; that is, flood risk maps based on extreme flood events and projected climate 

change scenarios. 

Chapter 6 recaps and concludes the entire research. It delineates the research outcomes 

and significant contributions, and it presents related suggestions for model application 

and methodology. Finally, it discusses recommendations for future research. 

Chapter 7 provides a list of references used to write this report. Furthermore, it 

comprises appendices that include publication papers and miscellaneous materials 

related to this research. 
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CHAPTER 2 LITERATURE REVIEW 

2.1 Climatology 

According to the National Climate Change and Adaptation Framework (NCCAF) report 

(2007), the word ‘adaptation’ has been applied in Australia to reflect problems and 

complications associated with climate change in relation to building structures’ 

architecture and engineering design. While the debate continues regarding whether 

climate change is occurring, changes in the climate are continuing at a rate much faster 

than scientists had previously believed predicted in their initial reports (Council of 

Australian Governments (COAG), 2007). 

On 10 September 2007, the ABC News website reported that, between 3 September and 

9 September 2007, ‘69,000 square miles of arctic ice disappeared, roughly the size of 

the Sunshine State, Queensland’ or the state of Florida in the southern United States 

(US). According to Robert Correll, (scientist and chair for the Arctic Climate Impact 

Assessment), weather patterns are shifting and will continue to shift ‘in ways that we 

are just beginning to understand’ (Sandell, 2007). Risks from rising sea levels that result 

from melting arctic ice are being predicted for many places around the world. 

There will be substantial effects on engineering and designing, including for homes, 

businesses, bridges and dams (NCCAF ,2007). Moreover, the exposure of people and 

infrastructure to the effects of climate change are likely to increase due to the increase 

in urbanisation in areas along the coast and urban expansion in regional areas. 

2.1.1 Coastal Regions 
Current coastal flooding models indicate that the risk to humans in coastal areas is 

changing because of climate changes and social trends (Dawson et al., 2009). These 

changes are caused by rising water levels resulting from melting glaciers and polar caps 

(Boesch, Fiesd & Scavia, et al., 2001). Increased water results in increased coastal 

erosion, which makes conditions favourable for the development of floodplains in areas 

that were not previously at risk of coastal flooding (Dawson et al., 2009). 

Coastal dynamics result in a sedimentary exchange between different geographic 

locations. Previous models of coastal flooding only considered populated areas in 

isolation from surrounding areas (Dawson et al., 2009). However, the development of 

better modelling of the interdependency of coastal areas is rapidly changing this 

philosophy. The new paradigm in coastal floodplain modelling considers the entire 

coastal area as a dynamic system rather than patches of coastal areas existing in 
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isolation (Dawson et al., 2009). Thus, there is a need to model the entire domain instead 

of separating coastal from other geographic boundaries that affect the initiation of the 

flood flow. This is an important point in the development of flood catchment systems in 

the Gold Coast area, as anything that affects the Gold Coast will also affect the 

surrounding wilderness areas (Boesch, Fiesd & Scavia, et al., 2001). Likewise, 

surrounding areas will affect the accuracy of the model of the Gold Coast flooding 

profile. These dynamics are quickly changing paradigms regarding the long-term 

management of coastal areas. 

2.1.1.1 Southeast Queensland 

Southeast Queensland is a highly populated area situated among peaceful rainforests, 

especially along the coasts. The area offers a subtropical climate, making it an important 

tourist destination. The Gold Coast area significantly adds to the economic prosperity of 

southeast Queensland. The geography of the area used to consist of wetlands between 

the Nerang River and the coastal strip. However, these have been converted into man-

made waterways and artificial islands that support upscale homes. The most highly 

developed and populated area is situated atop a narrow barrier sandbar that lies between 

the waterways and the sea. A sand bypass system was installed to help stabilise sand 

movement resulting from tides and flooding in the area (Bodwell & Murray, 2001). 

The level of development and economic prosperity of the Gold Coast makes it a high 

priority for an evaluation of the floodplain catchment systems. As a result of its local 

geology and location, the Gold Coast is an area of high concern, as the waters rise 

because of global warming. This research will play an important role in sustaining this 

highly prized asset for the Australian people. 

Climate change is expected to increase the severity and frequency of floods in the Gold 

Coast area, adding to the effects of an already flood-prone area (Mirfenderesk, 2009). 

Many factors affect the accuracy of long-range predictions of the effects of climate 

change. The most important factor is that humans can take measures to reduce the 

effects of climate change. However, from an emergency planning perspective and flood 

protection planning position, one must prepare for the worst-case scenario. Many 

models and algorithms are available to predict the worst-case scenario. Many of the 

models are based on opinions and it is difficult to find a realistic prediction. These 

predictions range from conservative to alarmist and either depend on opinion or build 

upon prediction. 
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According to a recent media release, by the year 2060–2070, tides are expected be 40–

50 cm higher than current average springtime tides (Coulter, 2009). King tides in May 

2009 gave Gold Coast residents an idea of what future tide rises would mean for many 

local landmarks, piers, beaches and homes (Coulter, 2009). The information gathered 

during these events will be helpful for the future modelling of flood plans and for city 

development planners. 

The most relevant factors to consider in Gold Coast flood predictions are the amount of 

rainfall, sea levels and the frequency and intensity of storms. These three factors have 

the greatest influence on local and regional flooding in the area. The exact effects on 

local areas depend on their proximity to the coast and to the river basin. These three 

factors will be used to estimate the flood frequency and intensity in the current research 

model. 

The changing climate will have a different effect on every part of the world. However, 

for everyone, the effects of climate change will first be felt through changes in water 

supply. In a recent report, the Danish Hydraulic Institute (DHI) Group reported that 

water security problems are expected to intensify by the year 2030 in Australia and New 

Zealand. Water shortages will result from reduced precipitation and increased 

evaporation. Coastal development will increase the risks of flooding from sea level 

rises, and there will be an increase in the frequency and intensity of coastal storms 

(DHI, 2008a). Climate change is expected to increase both rainfall and the severity of 

storms in the south-eastern Queensland and northern New South Wales coastal areas 

(Abbs, 2004). This will place communities in these areas at greater risk for major flood 

events. 

It is not surprising that the Gold Coast is taking a proactive approach to protecting its 

local resources from the effects of flooding due to climate change. Currently, several 

mandates are in order to help mitigate future concerns. For instance, the Nerang River 

Flood Mitigation Strategy (NRFMS) has imposed many new requirements on 

development in the area. It requires that any new development take into consideration 

its effects on flooding to downstream or upstream neighbouring properties (Gold Coast 

City Council (GCCC), 2006). This research will serve as an important tool in the 

development of short-, mid- and long-term flood planning in the area. 

The Gold Coast has been rated as one of the most vulnerable areas to flooding because 

of climate change. Since 1924, the Gold Coast has experienced over 45 floods. A 
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number of phenomena have triggered floods in the area in the past, including cyclones 

and periods of excessive rainfall (Mirfenderesk, 2009). The Gold Coast has a reputation 

as a flood-prone area, even without considering the effects of global climate change. 

2.1.2 Rainfall Totals 
Mean annual rainfall totals for southeast Queensland average 1,354 mm per year. In 

addition, some of the highest rainfall occurs in the Nerang River catchment (GCCC, 

2003a). Extreme rainfall events occur most often along Australia’s eastern coastline, 

which also corresponds with the highest population centres in Australia (Abbs, 2004). A 

trend analysis of rainfall in south-eastern Queensland and northern New South Wales 

found that rainfall in the area has been steadily increasing over the past decade. 

However, it also found that when larger regions were considered, the degree of the 

increase was decreased because of the averaging effect. Considering a smaller local area 

increased the amount of average rainfall in the area (Abbs & Mclnnes, 2004). One must 

be cautious of this factor when analysing major meteorological trends. A regression 

analysis of a selected area over time will provide the most accurate assessment of 

rainfall trends in a particular area. 

Rainfall simulation for a selected area of southeastern Queensland and northern New 

South Wales compared current rainfall in the area with projected rainfall in the year 

2040. The model used the Regional Atmospheric Modelling System (RAMS) to 

produce a compressible non-hydrostatic model using data from the Commonwealth 

Scientific and Industrial Research Organisation (CSIRO) Mark 3 general-circulation 

model (GCM). Terrain was interpolated from the US Geological Survey (USGS) 30-

second data set (Abbs, 2004), and the system was tested using data from 1960 to 1999 

to check for accuracy. Modern estimates underestimated the intensity of extreme 

rainfall, but predicted and actual rainfall estimates were close enough to be considered 

reliable for making future predictions. The 2040 prediction found that rainfall tended to 

increase over mountainous regions and decrease everywhere else (Abbs & Mclnnes, 

2004). However, several increases were found near coastal areas such as north of 

Brisbane and south of Cape Byron (Abbs, 2004). 

Long-term rainfall predictions are subject to a considerable number of errors. Many 

variables can affect the outcomes and accuracy of predictions, which are based on 

historical data. A trend analysis over the period 1950–2004 that examined the amount of 

summer and winter rainfall in the south-eastern Queensland coastal area has 

demonstrated that as global temperatures increased, the amount of rainfall in the area 
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decreased. Temperatures are expected to warm significantly in the area between now 

and 2070, but rainfall is expected to decrease regionally (Whetton, McInnes & Jones et 

al., 2005). 

Although rainfall has demonstrated a historical trend of increasing over the past 100 

years, future predictions indicate that rainfall is expected to decrease in southeast 

Queensland in the next 60 years (Whetton, McInnes & Jones et al., 2005). General 

statements regarding rainfall and climate would lead the researcher to expect rainfall to 

increase in the area, but when one examines specific local data, this trend does not hold 

true for the eastern coast. Rainfall predictions are highly sensitive to temperature 

projections and to the model selected for the analysis (Whetton, McInnes & Jones et al., 

2005). A majority of the models agreed with the prediction of drier conditions in the 

area. 

2.1.3 Sea Level 
One of the key topics surrounding the issue of global warming is rising sea levels. 

Current predictions for the year 2070 are for an 80 cm rise in sea levels in the 

Queensland area (Hennessy, Fitzharris & Bates et al., 2007). The Intergovernmental 

Panel on Climate Change (IPCC) indicated that this rise is expected to be close to 30 cm 

by 2050. The areas expected to feel the greatest impact are the Gold Coast, Yeppoon, 

Mackay and Cairns (IPCC, 2007). 

Several factors contribute to sea level rises due to global climate change. Sea levels are 

expected to rise due to ice melting in glaciers and polar regions, as well as thermal 

expansion of the oceans as temperatures rise. Storm surges also affect sea level rises in 

coastal areas. If tropical cyclones increase, coastal flooding will also increase. In 

addition, the intensity of storm surge height will increase, because it is a function of 

wind speed and tidal phase when the surge hits (McInnes, Walsh & Pittock, 2000). 

Sea level rises due to storm surges were estimated among 10 locations along the 

Queensland coast. The slope of the coastline also affects the size of the storm surge and 

wind speeds within the storm. Wide, shallow coastal ocean floors tend to produce the 

highest storm surges (McInnes, Walsh & Pittock, 2000).    

2.1.4 Storm Intensity and Frequency 

The area of south-eastern Queensland and northern New South Wales is prone to severe 

tropical and sub-tropical storms. The Commonwealth Bureau of Meteorology has 

classified it as a transition area. Tropical cyclones, although more severe, are also rare. 
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However, the region frequently experiences sub-tropical depressions (Abbs, 2004). 

Tropical cyclones are measured as the radius from the centre to the region of the 

maximum winds. The average size of tropical cyclones is 30 km, but larger and smaller 

storms often occur (McInnes, Walsh & Pittock, 2000). 

Predictions indicate that several factors may increase the risk of flooding from storm 

surges and tides. As the intrinsic qualities of cyclones change, such as intensity and 

frequency, sea levels will rise in response (McInnes, Walsh & Pittock, 2000). Increasing 

cyclone intensity will produce larger waves. The effects of increasing cyclone frequency 

due to global warming are currently a topic of considerable debate. It is not known 

whether cyclones intensity and frequency will increase or decrease. Much of this 

depends on how global warming affects differential ocean temperatures (McInnes, 

Walsh & Pittock, 2000). It is possible that storms will increase in some areas and 

decrease in others. 

 

2.2 Flooding 

One of the biggest concerns in the twenty-first century has been the growing number of 

heightened floods in coastal regions in both developed and developing countries. Floods 

not only lead to destruction of property and life, but they also cause long-term problems 

for local and national governments that must help flood victims to recover. An 

illustration of such displacement is Hurricane Katrina in 2005, which hit the US Gulf 

Coast and created havoc for one of the most developed nations in the world, leaving the 

government helpless for timely assistance (Appleseed, 2006). 

Floods are one of the top-rated disasters in terms of the permanent relocation of the 

population in the affected area. This then affects other regions of the country in terms of 

rehabilitation facilities and the provision of food and shelter. In addition, income groups 

are significantly affected in the short term due to relocation and other factors (Louisiana 

Department of Health and Hospitals (LDHH), 2006). The current scenario of 

technological breakthroughs and developmental plans are leading to dramatic climatic 

changes that, coupled with the world’s growing population and diminishing resources, 

is not decreasing the likelihood of these disasters occurring. In addition, governments 

around the world need to tackle disasters in order to decrease their effects, and they 

need to implement relocation strategies. 
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Storm surges have become more frequent and intense in the past decade, leading to 

disasters around the world such as hurricanes and floods. There is a need for reliable 

and efficient infrastructure that can deal with such disasters to either prevent them or 

protect countries from their force (Naerebout & Singor, 1995). 

The nature of flooding depends on several local factors. The Nerang River catchment 

encompasses a vast region. Earlier, it was discussed that many factors affect the flood 

potential of an area. The Nerang River catchment is highly variable in its time 

concentration. It was determined that a high chance for regional flooding exists in this 

area, combined with local flooding potential in many areas. It is difficult to make an 

accurate assessment regarding the ‘average’ flood and flood history of such a vast area. 

2.2.1 History of Gold Coast Floods 
Historically, several conditions have triggered floods in the Nerang River catchment. 

Major flood events have been associated with heavy, steady rain falling continuously in 

the Hinze Dam catchment for 2–3 days. Major events have also occurred when water 

behind the dam rises at 250 mm per hour. If water escaping over the spillway is 3 m 

deep, then a major flooding event can be expected (GCCC, 2003a). 

Excess runoff flows from Worongary, Bonogin and Mudgeeraba creeks into the 

Merrimac floodplain. Excess runoff from the upper catchment causes the Nerang to 

break its banks and flow into the floodplain at Carrara (GCCC, 2003a). The most 

significant floods of this type occurred in 1931, 1947, 1954, 1967 and 1974. The main 

source of flooding during this period were cyclones, major low-pressure systems and 

severe thunderstorms (BOM, 2009). 

In June 2005, a low-pressure system dominated south-east Queensland, resulting in an 

extreme flood event. Total rainfall was five times higher than the heaviest rainfall 

recorded in June since 1967 (BOM, 2006). The Gold Coast has experienced a similar 

flood event the extreme 1974 flood event. The Gold Coast airport terminated all 

aviation facilities, and transportation and local services were disrupted (see Figure 2.1), 

which in turn affected the region’s economy (Thomas et al., 2011). 
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Figure 2.1  Gold Coast flood of June 2005 (SMH, 2005) 

 

In addition, many properties were submerged and inundated, especially in Kirra and the 

southern Gold Coast region. During the extreme event, water levels rose significantly 

and affected high-tide levels (Castelle et al., 2007). Notably, the GCCC had fulfilled 

most of the Delft report suggestions and recommendations regarding flood mitigation 

after the 1974 event. However, in the extreme event of 2005, the recommendations had 

a minor effect in mitigating flood effects (Cаissie et al., 2005). Consequently, the 

GCCC was dedicated to complete а reassessment of the status quo. The Environmental 

Protection Agency (EPA), Delft Hydraulics and the Griffith Centre for Coastal 

Management have produced a collaborative report with the aim of updating the planning 

scheme to cope with future extreme flood events (Lazarow, 2008). 

The majority of flooding in the Nerang catchment is minor, with floodwater rises of 6 m 

or less. These flooding events represent localised flooding that is limited to a few roads 

or square miles of residential areas. Major regional flooding events have only occurred 

four times since 1920, with the last one in 1974 (Bureau of Meteorology, 2009). 

 

2.3 Floodplain Catchments 

A floodplain catchment, which acts as a flood protection system, is defined as a flat area 

of land that is adjacent to a waterway and that experiences periodic flooding. The 

morphology of a floodplain is highly related to the hydrogeology and sediment structure 



13 

of the area. A floodplain can be described as a floodway that consists of a stream 

channel and areas that carry the flood flows. The floodway has a current during periods 

of flooding. This zone typically extends beyond the normal stream or river channel. The 

flood fringe refers to an area that is covered by the flood but that does not experience a 

strong current during flood periods. 

Flood plains are created as riverbanks erode, and periods of flooding accelerate the 

erosion of stream- and riverbanks. As the banks of the stream erode, the underlying 

bedrock becomes exposed. Layers of sediment build up to create a flat floodplain. They 

generally consist of unconsolidated sediments of heterogeneous materials and may 

contain layers of sand, gravel, loam, silt and clay. These layers form a natural filtration 

system for the waters as they filter into local aquifers. The composition of these layers 

determines the nature of flooding in the area. As flooding continues in an area, stream 

terraces form on the sides, representing the hydro geologic history of the area. 

Floodplains are an important part of the ecosystem, as they support riparian zone plants. 

These areas are continually wet and support large quantities of microorganisms that help 

to break down organic material. Thus, the soil in a floodplain is often fertile and well 

suited for growing many crops. Floodplains are often tempting areas for human 

development because they offer flat building sites, highly fertile soil and access to 

nearby water. However, these areas are risky, depending on the return period of floods 

in the area. Human occupation and the use of floodplain areas form major concerns in 

relation to building adequate catchment systems. 

Understanding the factors that influence the formation and evolution of a floodplain 

helps engineers and land-use planners to determine the best course of action for an area. 

The present and projected populations of an area help to determine the importance of 

the catchment system. Catchments located near heavily populated or agricultural areas 

must be given a higher priority than those in remote or wilderness areas. 

 

2.4 Engineering Infrastructure Assessment 

According to Takeuchi (1999), to assess the performance of any engineering 

infrastructure, there are four philosophical parameters that describe the engineering 

performance characteristics: fairness, reversibility, risk and consensus. These 

parameters will be explained in detail in the following sections. 
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2.4.1 Fairness 
Fairness in engineering infrastructure means that it should be equally useful to all 

members of society in its use. For example, a bridge should allow society or the 

community to reap the benefits that come with it, such as trade. In particular, flood 

protection engineering infrastructure should be able to protect, and be useful to, the 

community near it, irrespective of whether it is in the direct flood path. However, it is 

important to note that the overall security provided by the flood protection structure can 

vary between households and neighbourhoods, especially in developing countries. 

Fairness can also signify the issuance of warnings to all households before the 

occurrence of a flood so they can move to safer zones in time (Kundzewicz, 1999). 

2.4.2 Reversibility 
It is hard to achieve reversibility when dealing with large engineering infrastructures, as 

structures such as bridges and reservoirs are hard to reverse. However, a useful and 

complementary aspect of reversibility is the aspect of flexibility. The engineering 

infrastructures being built should be evaluated and re-evaluated and modified before the 

start of every stage according to new and recurrent analysis and information received. 

The construction of flood protection systems requires reliability functions in three 

different stages: functional, project planning and project designing. Reversibility or 

flexibility is easier to achieve in the last two stages, which allow far more room for re-

evaluation. However, in the first stage, when the structure is already built, only minor 

adjustments can be made. Some flood protection setups such as dikes, floodgates and 

tiger dams can be reversible and reusable with the passage of time. For the reversibility 

of engineering infrastructures, the reverse engineering formula first initiated by the 

German entropy-linked theory can be conducted; that is, a fully engineered object can 

be broken down into the separate original parts that it first comprised (Nachtnebel, 

2002).  

2.4.3 Risk 
Risk is a very important factor for assessing every engineering structure in relation to 

the risk of proper functions, proper and timely operations and long-term damage 

control. Risk can be defined as a result that emerges from a lack of awareness of 

imminent and high-level dangers, which leads to low levels of preparedness and high 

repercussion costs. For example, a bridge with weak foundations or crevices would be 

at risk of breaking down during use, causing major road accidents. Similarly, in relation 

to floods, reservoirs cannot be built with less-than-required capacity or have cracks in 

the walls, as a breakage may result in unforeseen chaos (Nachtnebel, 2002). 
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2.4.4 Consensus 
Consensus is a general agreement between all parties. It is unethical and unprofessional 

not to obtain an agreement from all parties. Without consensus, the entire purpose of 

building an engineering infrastructure remains incomplete. For example, if a bridge is 

going to be built through a town, the townspeople need to be on-board with its 

construction. This can be achieved by promoting the benefits of the structure. Reaching 

a consensus for flood protection infrastructure is not difficult, as the people who suffer 

the consequences of floods are usually involved in the construction of the infrastructure; 

hence, it serves their best interests to have the best possible protection system built in a 

timely fashion. It is important to note that while reaching general consensus is a very 

important factor, absolute consensus cannot realistically be reached; hence, 

compromises will have to be made and negotiations conducted in order to reach an 

agreement that is acceptable to the majority (Kundzewicz, 1999). 

In addition to the above four basic aspects for the performance assessment of an 

engineering infrastructure, one can also add multi-purpose services. For example, a 

bridge not only serves to join two communities, but it can also serve as a way of trading, 

developing and settling in the regions that it passes through. Similarly, a dam or a 

catchment’s purpose is not only to prevent water level rises and floods, but it can also 

provide hydropower and help store and distribute water for irrigation during dry 

seasons. 

As this section focuses specifically on the performance assessment and breakdown of 

engineering infrastructure in relation to flood protection systems, the following sections 

will be more specific in terms of the overall effects of flood protection systems and 

what makes engineering infrastructure reliable or vulnerable. 

In a similar study, Delft Hydraulic Laboratory highlights the five main factors that can 

be used to analyse and assess flood protection structures and systems around the world. 

These five factors are (Loucks, 1994): 

1. the overall effects of the social and economic constructs of a community 

on the extension, resilience and maintenance of flood protection systems, 

as well as socioeconomic aspects and effects on growth, resilience and 

stability 
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2. the appropriate utilisation of natural resources of both land and water, 

and maintaining appropriate levels of waste and discharge within the 

natural ecosystem 

3. the paramount development and sustenance of the available natural, 

social, environmental and manmade sources 

4. the security, safety, strength and health of the community 

5. the constant efforts made not only to maintain, but also to adapt the 

overall operational and functional aspects of the structure, the 

administration, the overall management of the multipurpose services 

provided and the adjustments resulting from unforeseen changing 

conditions. 

 

2.5 Performance Assessment 

In flood prone areas, it is essential to have an adequate flood protection system in place 

for the lives and livelihoods of residents and businesses in the area. Catchments near 

coastal areas are prone to flooding due to cyclones and severe storms—more so than 

inland flooding. In addition, flooding represents a key risk to residents and properties on 

the shoreline. In the face of increased flood potential due to global warming, it is 

essential that the current system of structural flood inhibitors be examined to ensure that 

they offer maximum protection for predicted future flood scenarios. One of the 

examination tools that can be used is performance assessments. According to 

Hashimoto (1982), the father of engineering performance assessments, three main 

indices characterise performance assessments: reliability, vulnerability and resiliency. 

However, the flood risk index will be adapted during performance assessment 

operations. 

Moreover, Cohon and ReVelle (1986) described the performance measurement of an 

engineering system as its ability to deliver the targeted demand. As an illustration, they 

conducted a performance assessment on a water supply reservoir by measuring its 

reliability, vulnerability and resiliency. The ability to supply the targeted release is 

referred to as reliability. Performance can also be measured as a function of the 

maximum shortfall from the targeted release, referred to as vulnerability. In addition, 

the number of consecutive periods of deficit is referred to as system resilience (Cohon 
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& ReVelle, 1986). These three measurement parameters constitute the most common 

performance measures of a reservoir system. 

Following the work of Hashimoto (1982), there have been several applications in the 

criteria of performance assessment. Datta and Houck (1984) conducted performance 

assessments on different problem areas in the water resources field. They compared 

multiple operation strategies that reflected the relative importance of divergence from 

targets for reservoir release versus reservoir storage divergence. Weeraratne et al. 

(1986) applied reliability, resiliency and vulnerability measures to estimate reservoir 

release policies corresponding to different target flow levels at failure or critical points 

in the system. 

Further, Moy et al. (1986) examined the trade-offs between reliability, resiliency and 

vulnerability in the context of reservoir operations for water supply using a multi-

objective mathematical model. Burn and Simonovic (1989) introduced an improved 

real-time operation model for reservoirs that utilises the trade-off between flow 

prediction reliability and the performance of the reservoir operation. 

The performance goal of any reservoir system is to reduce the shortfall, resulting in 

decreased vulnerability. The greater the maximum shortfall, the greater the 

vulnerability. Likewise, the shorter the maximum length of the deficit, the greater the 

resilience. Using mixed-integer linear programming, a trade-off was found between 

reliability, vulnerability and resilience. As reliability increases or the maximum length 

of consecutive shortfalls decreases, the vulnerability of the system to greater deficits in 

supply increases. These relationships are inversely proportional to some degree, 

depending on the system (Cohon & ReVelle, 1986). 

Similarly, Simonovic et al. (1992) defined the three performance indicators thus: 

reliability is the likelihood of system failure; vulnerability is used to describe the 

severity of the failure; and resiliency measures how quickly the system recovers from 

the failure state. 

All scientists and researchers until the year 2000 conducted performance assessments to 

examine water supply reservoirs as part of the engineering infrastructure. However, 

Simonovic (2001) introduced the first application of performance assessments on flood 

protection systems. The inspiring work of Simonovic and Li (2003) has ignited the 

framework and design of this research to achieve the target performance assessments of 

floodplain catchments by using a novel approach. This research is going to apply a 2D 
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hydraulic model to simulate and examine the performance of each system by measuring 

four indices in total. The first three indices are reliability, vulnerability and resiliency 

(Simonovic & Li, 2003). The fourth index is the FRI, which is a modified version of the 

Drought Risk Index (DRI) and the Drought Damage Index (DDI), which were 

introduced by Zongxue et al. (1998). 

2.5.1 Reliability 

The reliability of a system can be described in terms of the frequency of a system’s 

satisfactory output state. It can be expressed as the probability that a system is operating 

in a satisfactory state at any given time. Inversely, reliability can refer to the probability 

that no failure occurs within a given amount of time (Hashimoto, 1982). This definition 

of reliability could be considered the opposite of risk. However, this definition does not 

provide any information about the severity of the failure. As a result, it is necessary to 

determine the resiliency and vulnerability of the system in order to gain a wider view 

and more in-depth information. The term reliability describes whether a system is likely 

to fail, but it provides no information about the consequences. 

The functionality of all flood protection systems must be reliable so it can stand the 

variations in water level rises and force in order to protect land from possible 

destruction. Most water reservoirs and dikes are built on this feature of reliability. The 

overall structure of reservoirs and dikes is made after careful assessments of the history 

of water level variations are taken into account. Contrary to popular belief, the 

reliability of such structures is not determined by their level of success; rather, it is 

calculated from their percentage of failures under extreme pressure (Moy et al. 1986). 

The reliability of any engineered system can be expressed as a function of its load 

(demand) and resistance (capacity). This principle has been applied to water supply 

systems and design. In this case, water supply corresponds to system load and capacity 

is analogous to system capacity (Maier, Lence, Tolson & Foschi, 2001). This example 

can also be applied to water deterrence in catchment systems. The amount of water that 

the system must resist represents the load. The capacity of the system represents the 

maximum resistance of the system before the failure of the system and the occurrence of 

flooding. 

The failures that are used to measure the reliability of flood protection structures can 

occur in the overall functionality or construction of the structure. For example, the 

construction of a flood protection system may fail if its completion date is missed or if 
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the infrastructures necessary for its completion are not available when needed. The 

function of a flood protection system failing causes more destruction than its 

construction failing. For example, a water reservoir’s function might fail for many 

reasons, such as (Moy et al. 1986): 

1. The storage volumes necessary as per the water level deviations are 

miscalculated and water overflows. 

2. The total amount of water released from the reservoir and the intervals 

in which it is released are miscalculated. 

3. There is a split or fracture in the reservoir walls. 

4. The capacity of the reservoir falls short in the high-rise season. 

To avoid such miscalculations, Maier et al. (2001) introduced the First-Order Reliability 

Method (FORM) to assess the reliability of structures. It was designed to test 

groundwater levels and variations; however, due to the recent concerns of ground 

surface-water levels, the FORM methodology has been adjusted to include flood levels. 

The FORM mainly analyses the demands of a structure and its overall capacity to fulfil 

these demands. This becomes complicated when analysing the water levels because the 

overall pollution ratios, water density, water flows, water force and water quality need 

to be taken into account. The FORM has been applied to many engineering projects, 

including surface water applications. The FORM has performed well and demonstrated 

a good relationship between storm magnitudes and types (Maier et al., 2001). Hence, 

the FORM for every region can vary; what appears to be a suitable and successful 

protection strategy might be completely inappropriate for a nearby region. One of the 

major downsides of the FORM is that it does not encompass the long-term effects of 

floods on the community, and revival strategies are needed to rebuild a flood-stricken 

area.  

2.5.2 Resiliency 

Resiliency describes how quickly the system is likely to recover after a failure occurs. 

In the event of a failure, it is important that a system is able to recover quickly and 

return to a state of stability (Hashimoto, 1982). Therefore, resiliency must be considered 

in the design of the system. Resiliency is expressed in terms of the time from the point 

of failure to the satisfactory operational recovery of the system (Hashimoto, 1982). 
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In addition to the overall reliability of a structure, the resiliency of flood protection 

structures is very important. Here, resilience mainly relies on the ability of a structure to 

react after a failure has occurred in its system. This is different from the reliability of a 

structure in the sense that it mainly involves steps that re-evaluate the structure and 

functions in order to avoid the failures that have taken place due to the low reliability of 

the structure (Burn, Venema & Simonovic, 1991). 

The resiliency of a water supply system refers to the time from the point of failure to the 

time when the water supply is restored. When one applies the same term to a flood 

deterrence system, resiliency refers to the time when the flooding occurs to the time 

when the system—either natural or engineered—allows the water to recede and the life 

of the community to be restored to normalcy. Several factors may affect the resiliency 

of a community after a flood has occurred. The type of sediment and its ability to 

channel or absorb the extra water capacity is a major contributing factor to resiliency 

after a flood. Diversion channels or ditches that remove excess water from the area also 

increase the resiliency of the system after a flood has occurred. Man-made pumps and 

canal systems can also aid the resiliency of the system after a flood. In terms of metrics, 

many of the same scenarios apply to the resiliency of a flood deterrent system that apply 

to a water supply system (Burn, Venema & Simonovic, 1991). 

2.5.3 Vulnerability 
While the overall reliability and resilience of flood protection systems are given due 

importance, the vulnerability of these systems also needs to be taken into account. 

Vulnerability refers to measuring the extent of the failure in the short- and long-term life 

of the protection system being used. This can be used to measure the effects of floods, 

low water levels and drought on the overall functional ability of a floodplain catchment 

(Zongxue et al., 1998). Further, these vulnerability analyses need to be conducted 

quantitatively. This method of analysis allow for efficiently estimating water levels 

(figures and numbers), as well as flood maximum extent.  Certainly, conducting such a 

method requires historical data and quantitative evidences in orders to verify the 

vulnerability results, perhaps, data such as water level and velocity from similar 

location and season. (Zongxue et al., 1998). 

In addition, vulnerability refers to the magnitude of the damage once the system has 

failed. In a flood scenario, the vulnerability of an area depends on a combination of 

natural and engineered factors. For instance, the strength of the storm and the ability of 

the catchment area to absorb or divert the excess water will play a major role in the 
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severity of the flood event. The effectiveness of flood protection systems such as dykes, 

channels, floodwalls and pumping systems will also affect the severity of a flood event. 

In the event of the failure of a flood protection system, the designers should try to limit 

potential damage to the community. Hashimoto (1982) discusses the difference between 

the terms ‘fail-safe’ and ‘safe-fail’ in relation to water supply systems, and many of the 

same principles can be applied to the design of a flood deterrence system. Hashimoto 

(1982) suggests that is possible to build a water supply system that is so large and 

redundant that the failure of the system is unimaginable. Likewise, one could imagine a 

flood prevention system and floodwalls surrounding a populated area that make the 

possibility of failure unimaginable. However, as Hashimoto (1982) suggests, building 

such as system would not be possible from a logistics and cost perspective. 

There are limits and constraints placed on the type and extent of flood prevention 

systems that can be built. Therefore, one must consider what will happen in the eventual 

failure of the system. Safety in the event of failure is a consideration in the design of 

almost every engineering act. For instance, safety in failure is a large part of automotive 

design, earthquake-proof building design and electrical appliances. This principle 

should not be absent in the design of flood prevention systems in the world’s major 

cities. The failure of the levy system in New Orleans, US, during Hurricane Katrina is a 

solemn reminder of the importance of minimising vulnerability in the design of flood 

prevention systems. Vulnerability should be a key component of the modelling of such 

systems in the future. 

2.5.4 Flood Risk Index 
The results of the reliability, resilience and vulnerability measures are formulated into 

risk-based performance models that can be used to analyse the real-time operation 

models of reservoir systems (Burn, Venema & Simonovic, 1990). This approach to risk 

and performance measurements has been applied to the operation of reservoir systems 

where the failure of such systems will result in a disruption of the water supply to a 

community. However, just as this paper demonstrated that the individual components of 

this risk assessment system can be applied to flood prevention systems, so they can be 

applied to the development of a risk index for future flooding events in the Nerang 

River catchment. 

Flood risk assessments depend on the frequency of flooding in an area and the effects of 

the flood on the surrounding community (McLuckle, 2008). Many factors influence the 
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flood risk of a particular area. The size, shape, slope, development and vegetation of the 

area can affect the conversion of rainfall into runoff (McLuckle, 2008). In addition, both 

natural and artificial structures affect the flood risk factor of a particular community. 

Flood management plans reduce the vulnerability and risk of damage, injury and loss of 

life for people in the community. 

The capacity of a system to deter flooding is dependent on the proper attention given to 

potential failure testing. The reliability, resilience and vulnerability of the system are 

important design considerations. In the face of global warming, these conditions must 

be estimated to account for future demands and load expectations. System failures occur 

in two major forms: minor and major failures. Design should take into account both of 

these case scenarios (Vogel & Bloognese, 1995), and designers need to consider how 

their systems will perform under the best- and worst-case failure scenarios. 

Traditional flood risk assessments generally take on actuarial profiles and use historical 

data to predict the probability of future events. The 100-year average recurrence interval 

(ARI) is one such method. Applications of these assessment and prediction techniques 

outside of the engineering field may be adequate. However, history has shown that the 

prediction of natural disasters is dependent on a highly unpredictable set of variables. 

One can predict system responses using historical data and demonstrate that the models 

presented in this research are accurate. However, one could only expect the model to be 

accurate under the prevailing climatic conditions during the test period in question. 

The model developed by Burn, Venema and Simonovic (1990) could predict the risk 

factors for system failure under historically known parameters. The purpose of this 

research is to develop a model that can predict the ability of future flood prevention 

systems to protect communities in the Gold Coast area. However, the conditions under 

which the system will operate are not those of the past, but those of a changing and 

unpredictable future. Actuarial methods will not be of use in predicting conditions in a 

changing future. Climate change makes other methods necessary for estimating the 

potential of protection systems to protect their intended communities. Borrowing the 

reliability, resilience and vulnerability testing methods from systems designed to 

prevent drought conditions will add to the reliability of prediction models for floods. 

The model developed in this research will closely resemble the scale developed by 

Zongxue, et al. (1998) for the assessment of drought conditions in the Fukuoka water 

supply. The assessment applied five indices to the model, including reliability, 
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resiliency, vulnerability, DRI and DDI. These parameters were used to help identify the 

operation policies of the water management system. The same principles outlined in this 

study could be adapted to the management of a flood prevention system in the Nerang 

floodplain catchment area, but with a distinctive approach. 

The application of the reliability, resilience and vulnerability indices will be discussed 

in chapter 5. The index developed for flood risk will be called the FRI, as shown in 

Figure 2.2. 

 

Figure 2.2  Flood Risk Index 

 

This index uses the functions of reliability, resiliency and vulnerability to assess the 

flood risk potential for an area. This method takes into account not only if a flood is 

likely in an area, but also how severe it may be and how long it may take to recover 

(Zongxue et al., 1998). 

 

2.6 Risk Assessment Model 

There is a tremendous demand for risk based decision analysis and assessment in 

engineering applications and an apparent lack of recognition of risk analysis as a 

distinct discipline. Apparently, in the last decade, a wide range of risk assessment 

models has been developed. Many of these approaches based on professional practical 

experiences, which in contrast varies from the risk reality, depending on the risk 

Flood 
Risk 
Index

Resiliency

Reliability

Vulnerability



24 

perception and definition. Consequently, it is essential to customize risk models for 

every case investigated (Faber & Stewart, 2003). 

Decision makers and engineers are responsible for selecting sustainable infrastructure 

solutions, against climate change threats. Risk management assessment and analysis can 

play an important role in threat adaptation process from extreme weather events. As 

shown in Figure 2.3, a recommended framework for risk management is provided by 

the Australian and New Zealand Standard AS/NZS 4360 Risk Management illustrated 

in (Australian Governement, 2005). 

 

According to the Climate Change Risk and Vulnerability: Promoting an Efficient 

Adaptation Response in Australia report for the Australian Government (2005), the 

following steps detail the most appropriate risk management process and techniques:  

1. Establish the context: Define the hazards and identify the 

stakeholders as inclusively as possible; assign responsibilities and 

key elements, resources, timeframes and CC scenarios. 

2. Identify the risks: Define the scope and the needed decisions, 

identify the hazards and those affected; implement a consultative 

process with all interested parties; start a risk information library on: 

what can happen? and how could it happen? 

3. Analyse the risks: Define a methodology for quantifying the 

frequency and severity of hazards; estimate frequency of threat 

scenarios and consequences of them; refine the analysis through 

consultation with stakeholders. 

4. Evaluate the risks: Quantify the risks as a product of scenario 

frequencies and consequence costs; integrate these with estimated 

benefits; consult with stakeholders over their level of acceptance of 

the risk. 

5. Treat the risk: Identify feasible risk control possibilities; assess 

options in terms of costs, benefits, effectiveness, and acceptability in 

consultation with the stakeholders. 

6. Monitoring and reviewing: Develop and implement a plan and 

monitoring process using selected controls; develop financing and 

communication strategies; evaluate the effectiveness of the risk 

management process; establish any applicable sunset timeframes 
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with the stakeholders; restart the process with the information and 

experience gained. 

7. Communication and consultation: Continue the dialogue among 

the stakeholders at all stages in the process, including the decision 

making (even those who think they are stakeholders should be 

consulted to avoid conflicts and loss of credibility). 
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Figure 2.3 Risk management process (Australian Government, 2005) 
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2.7 Risk Assessment Strategy 

The development of flood risk assessment strategies for flood-prone areas can draw 

upon many examples from other disciplines. Many of the strategies used to assess 

drought risks and reservoir capabilities can be adapted to flood management systems. 

Strategic Flood Risk Management forms the new paradigm in the Australian 

Government’s Floodplain Management Protocol (Standing Committee on Agriculture 

and Resource Management (SCARM), 2000). Strategic flood risk management 

establishes the effects of floods on people and planning, including a plan for long-term 

management and the development of appropriate community practices and expectations 

(McLuckie, 2003). 

Many different scenarios can be defined by a flood incident. The flood risk assessment 

plan must address the risks associated with minor and major flood events (SCARM, 

2000), as well as contingencies for river, overland and coastal flooding events. The 

objective of the assessment protocol is to reduce the effects of flooding on an area. 

Currently, local governments are responsible for overseeing risk assessments and 

management in their geographic areas (SCARM, 2000). State governments act as 

counsellors and advisors, but local governments must adopt and manage the plans. The 

state may provide funding and assistance through grants, but the final responsibility lies 

with the local government entity (McLuckie, 2003). 

The development of a strategic flood risk management plan entails five basic steps, as 

shown in Figure 2.4. The first step is to scope the flood study and data collection. 

During this phase, data are collected regarding the flood pattern of the specific area 

being addressed. The influence of rivers, changes in the floodplain and other issues are 

addressed (McLuckie, 2003). Data collection encompasses the full range of flood 

behaviour. In the past, this step has relied on historical data as its primary source. 

However, in light of predicted changes in these patterns due to global warming, it may 

be prudent to include a forecast model and consider future flood patterns in this phase. 
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Figure 2.4    New South Wales Floodplain Risk Management Process 

(McLuckie,2003) 

 

The second phase is to identify the issues that need consideration. This analysis needs to 

go beyond the protection of people and property to address infrastructure issues and 

effects on society. Other items that need to be included in this assessment are damage to 

flood-dependent ecosystems and other natural hazards and trends (McLuckie, 2003). 

Once the key issues have been identified, the objectives for each flood risk issue need to 

be considered, including current and future flood risks (McLuckie, 2003).  

Risks may be identified that are too large to be considered from a practical standpoint. 

For instance, many social risks or macro-level environmental effects may not be 

practical to manage on a local level with the resources available. One example of this is 

the need to build higher levees when funds are not available. Some objectives may need 

to be tabled until the resources become available. 

After the strategic objectives have been identified, planners need to identify the 

management options that are available for meeting the established objectives. These risk 

management measures can be divided into property management issues, response 

modification measures and flood modification measures. Property measures include 

items such as house raising, zoning and development control, and flood proofing of 
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buildings. Response modification measures include community preparedness and the 

development of prediction and warning systems. Local flood plans and recovery plans 

are also parts of this process. Flood modification measures are actions that seek to 

modify the course of the flood itself. These measures are of the greatest concern for this 

research project and include flood control dams, retarding basins, levees, floodgates, 

bypass flood ways and channel improvements (McLuckie, 2003). 

After all of the options for a given location have been presented, a decision must be 

made regarding the most appropriate set of management options. The next phases 

involve the adoption of the desired set of management options and the implementation 

of these measures (McLuckie, 2003). These phases are similar to the steps taken in any 

strategic management plan; however, it may be noted that the strategic management 

process presented by McLuckie (2003) failed to include two of the most important 

phases of the strategic management process. 

After the strategic plan has been implemented, the system must be tested to ensure it 

will meet the needs of the community both now and in the future (SCARM, 2000). This 

is where the process of modelling, as presented in this research study, comes into play. 

Earlier, the importance of failure assessments was discussed as a critical process in 

flood risk mitigation. The modelling developed in this research study will be used to 

help determine whether the measures will be adequate given the changing risks of 

flooding due to climate change. 

After the modelling and flood simulation studies have been conducted, any indicated 

changes can be implemented. The system can then be tested and retested until maximum 

flood protection is achieved. The final process in the strategic management process is 

the development of a system that calls for periodic reviews of the system to ensure it 

continues to meet the needs of the community.  

Modelling/simulation and a plan that calls for continual periodic evaluations are two of 

the most important steps in the process. Continual evaluations of the plan will be 

necessary in the face of a changing environment. The flood plan and engineering 

processes must be re-evaluated to ensure they still provide maximum protection. The 

critical period for climate change will be from 2030 to 2070. During this time, the 

results of the process that are currently being set in motion will come full circle. 

Modelling and simulation that are performed now will have to be re-evaluated as the 
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time approaches to ensure they are still relevant. Continual monitoring is necessary in 

the dynamic environment of climate change. 

 

2.7.1 Risk Adaptation Theories 
The research report called ‘Climate Change Risk and Vulnerability: Promoting an 

Efficient Adaptation Response in Australia’ stated that different systems have varying 

levels of adaptive capacity, and there are a wide range of responses to the threat of 

extreme events, such as (Australian Government, 2005): 

1. Accepting risk: in theory, this option occurs when those who are affected have 

no capacity to respond or the costs of adaptation are significant in relation to the 

risk of the expected damages. 

2. Sharing risk: this adaptation response involves sharing the loss among a wider 

community, including loss sharing through public relief, rehabilitation and 

reconstruction using public funds. Shared damages may be obtained through the 

private insurance sector. 

3. Transforming risk: some risks are likely to undertake a degree of control over 

the environmental hazard itself. As this is a natural event such as a flood, it is 

possible that measures include flood control works or flood protection systems 

such as dams, dikes and levees. 

4. Avoiding effects: this adaptation measure involves steps to prevent the effects 

of extreme weather events and variability. 

5. Utility change: in cases where the threat of an extreme event makes the 

perpetuation of an economic activity extremely risky or difficult, the provided 

services can be changed. 

6. Relocating: one extreme alternative response is to relocate the economic 

activities to a safer location. 

7. Specialised research: adaptation can also be implemented by encouraging 

research into new technologies and new methods of adaptation. 

8. Awareness and education: educating, informing and encouraging behavioural 

change adaptation through the distribution of knowledge through education and 

public information operations will eventually lead to behavioural change. 

Different situations require a different mix and sequencing of responses, with the need 

to assess each set of risks and opportunities on its merits. 
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2.7.2 Risk Identification and Decision-Making 
The vulnerability of vital engineering sectors produces many uncertainties, and these 

multiple levels of uncertainty must be resolved. It is essential to consider where 

decisions need to take into account extreme flood events. These are called climate-

sensitive decisions. In real-life practices, there will be many decisions whose 

consequences could be directly or indirectly affected by extreme floods, but where the 

integrity of the engineering infrastructure is one of the vital factors. The degree of 

importance of the effects of floods may range from negligible to moderate, in which 

case, some climate adaptation may be appropriate (Willows & Connell, 2003).  

2.7.3 Decision Making Pitfalls 
Those in decision-making roles are careful in relation to assumptions and 

methodologies because inappropriate discounting or misapplications of decision-making 

techniques are likely to result in poor outcomes such as Willows and Connell (2003) 

reported:  

1. under-adaptation: insufficient weight applied to climate change factors 

2. over-adaptation: climate change factors are given too much weight 

3. mal-adaptation: decisions are made that, instead of assisting a region, make 

that region more vulnerable to climate change. 

For example, in relation to buildings and settlements, Willows and Connell (2003) 

stated that the vulnerability level is significant with primary vulnerabilities related to 

sea level rises and extreme climate events such as floods, storms, storm surges, 

cyclones, heatwaves and bushfires. Feasible adaptive responses include: 

1. changes to building standards 

2. emergency management planning 

3. urban planning: the comparative assessment of this sector ‘requires urgent 

attention’ because planning and responses for this system are complex. 

 

2.8 Research Concept 

To initiate a solid research study, a firm research methodology foundation should be 

well defined and provide a consistent guide in conducting research operations. 

Subsequently, this section will describe the methodology concept adapted, in which 
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limitations may apply and affect the feasibility of the research. Moreover, it suggests a 

reverse step that might be needed in order to minimise error and bias. 

The research method adopted in this research is numerical research guided by a theory-

driven approach. The theory revolves around the prediction of the initial conditions 

followed by the process of prediction through simulation and then the related decision 

through the assessment of the results deduced from the process stage (i.e. examining 

cause and effect relationships). Figure 2.5 depicts the research concept in three stages. 

 

Figure 2.5  Research concept. 

 

In addition, the purpose of this research is to describe the behaviour of an engineering 

system and to present observations and propositions based on sense and experience 

according to methods of inductive logic such as simulation and modelling. Graziano and 

Raulin (2007) suggest that there are seven different stages in conducting any research 

study, including idea-generation, problem definition, procedure design, observation, 

data analysis, interpretation and communication. Figure 2.6 shows the seven stages. 
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Figure 2.6  Research phases 

 

This research has implemented the conceptual stages mentioned above; for instance, the 

problem was defined as the effects of a flood on the performance of an engineering 

infrastructure system. In addition, the research has adopted an empirical process as the 

procedure design. The observation and data analysis phases were applied by simulating 

the engineering infrastructure system. The interpretation phase was then executed 

through the management model as the performance assessment. Finally, the published 

papers and research thesis represents the communication phase. 

According to Salkind (2006), the dependant variable is measured to observe whether the 

manipulation of the independent variable has a reaction or effect. The independent 

variable is manipulated to inspect its effect on a dependant variable. 

Thus, the framework of this research contains dependent and independent variables as 

shown in Figure 2.7. The independent variables are the Digital Elevation Model (DEM), 

catchment bathymetry, boundary conditions such as (river flow, tide level time serious, 

boundary locations and wet/dry depths), and initial condition such as (surface water 

levels, bed resistance and viscosity). The dependent variables are the performance 

assessment indicators: reliability, resiliency, vulnerability and FRI. The measurement of 

the variables will be based on a quantitative measurement by utilising simulation 

software as a moderator (MIKE21) to feed the dependent indicators or variables and 

control its variance. The deduced results will illustrate either the positive or negative 

nature of the relationship between the dependent and independent variables. 
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Figure 2.7  Dependant and independent variables. 

 

2.9 Computer-Based Simulation 

The advantage of the simulation technique is that the model can, in principle, be based 

directly on physical theory and experimental measurements (Rkman & Mikkola, 2001). 

Simulation programs have the ability of showing the risk behaviour and related 

consequences in the same way—that is, as they would be in the real world. Stakeholders 

can use these dynamic graphical depictions to try different infrastructure planning 

approaches because it is complicated and expensive to estimate risk and damage in the 

real world. 

Simulation can give decision makers a better understanding of the system’s operation 

by employing the facility of visualisation. It can also bypass some limitations of the 

actual size model because designers can choose what to simulate. 

In general, the objective of simulation is to provide a rationale for making wise 

decisions under conditions of risk and uncertainty. The visualisation of simulated 

construction operations using simulation software can be of substantial assistance in 

analysis, communication and decision making regarding complex issues and planning. 

In general, the primary objective of computer simulation is to better understand certain 

aspects of a complex system and to predict its performance following various decisions. 

However, decision makers cannot base their decisions on simulation results unless they 

fully understand those results (Al-Hussein et al., 2006). 

Moreover, Special Purpose Simulations (SPSs) are used to easily model operations 

within a specific domain (e.g. crane usage in a construction project) and analyse the 

simulation results. These SPSs can be linked to existing 2D or 3D visualisation tools 
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(Al-Hussein et al., 2006). SPSs can also be hydraulic simulations that can visualise 

water dynamics and motion. 

2.9.1 Simulation Tools  

Computer software is a complex product in the domain of hydraulic simulation. It is a 

common fact that for any given problem there is usually more than one simulation 

software that can meet the requirements. Conversely, there is no single simulation tool 

that can perform all types of hydraulic simulation. The user is faced with the difficulty 

of choosing a suitable program from those available. The choice should be made after 

carefully assessing the requirements of the user along with coordinating the user’s 

requirements through the functionality of the simulation tool. 

The user’s needs and budget, as well as the availability of facilities, are important 

factors to consider when choosing a simulation tool. Understanding the nature of the 

problem that the user expects to solve by using the simulation tool should be the first 

concern. Moreover, the budget required for purchasing the simulation tool, as well as 

maintenance, training and the computer platform required are other critical factors, 

followed by the availability of facilities. The user should select a simulation that can run 

on existing computer facilities or when investment in a new computer resource is 

anticipated (Hong et al., 2000). In addition, performance is a crucial factor to be 

considered when choosing a simulation program—especially one with graphical 

representation. 

 

2.10 MIKE21 

MIKE21 is a powerful tool that simulates the physical properties of water. It provides 

an efficient representation of the actual behaviour of surface water in 2D, such as rivers, 

lakes and floodplains. It is enhanced with features that are targeted specifically towards 

the modelling of floods. In addition, the model can describe the interaction of water 

when the river water spills out from the river chainages to the floodplains. 

An advantage is that it extensively utilises GIS for automated model development and 

flood mapping, which is essential for this study (DHI, 2011). Figure 2.8 shows the 

MIKE21 bathymetry representation of the Nerang catchment (Rahman et al., 2007). 
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Figure 2.8    MIKE21 model bathymetry for Nerang catchment (Rahman et al, 

2007) 

 

2.10.1 Simulation Features 

After processing the model, MIKE21 can generate a special 2D file extension called 

Data File System (.dfs2). This format was developed by the DHI for storing 

hydrodynamic data. Both zero-, one- and 2D data can be stored as well, including water 

levels, topography levels, coordinate flows and velocities for each grid in the catchment 

(Chuah, 2008). 

With the use of the MIKE21 Toolbox, the dfs2 format is converted to extension ASCII 

(.asc) and shapefile (.shp), which are also known as common GIS formats and are a 

widely supported standard height field format used by Geographic Information System 

(GIS) programs such as ArcInfo, ArcView and Vertical Mapper.  
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Next, the results are converted to Keyhole Mark-up Language (KML). The KML file is 

represented in Google Earth in order to produce the flood extent in the catchment in real 

time and to have a clearer picture of the flood mapping. 

Further, spatio-dynamic inundation conditions can be obtained using MIKE21 and 

visualised in Google Earth with the plug-in tool. With this functionality, the water depth 

of the flooded area can be projected by loading the dfs2 format file in Google Earth. 

However, before projecting the flood inundation onto the Google map, the 

location/coordinates of the domain must be defined. This can be done by editing the 

geographical position of origin in the properties of the geographical information. Hence, 

the latitude and longitude in degrees, minutes and seconds must be known. Figure 2.9 

shows an illustration of flood inundation by using Google Earth on the lower Nerang 

catchment. 

 

 

Figure 2.9  Superimposed flood inundation extent of the lower Nerang catchment 
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2.11 Knowledge Gap 

The escalating effects of climate change place pressure on the sustainability of 

engineering infrastructure such as flood protection systems. Thus, the performance of 

these systems plays a significant role in the protection of human assets in these systems. 

To date, performance assessments are deduced through the reliability, vulnerability and 

resiliency indices for water reservoir systems that specialise in water supply. In 

addition, there were set-to-measure droughts in these systems. This research integrates 

all three indices and improves the process by combining the three indices into the FRI to 

serve in the risk assessment of floodplain catchments. 

Moreover, similar studies have used the integration between system dynamics (SDs) to 

simulate floods and GISs to depict the results spatially. However, SDs introduces high 

levels of subjectivity and bias, which in turn leads to hydraulic simulation error. This 

research instead uses hydrodynamic modelling to overcome this dilemma. 

Nevertheless, to date, the implementation of the engineering sustainability (performance 

assessment) equations was spatially conducted utilising a GIS. By function, a GIS is a 

‘demonstration’ tool that includes coordinated projection layers of information and data 

that can only be presented. However, this research employs MATLAB (a powerful 

mathematical tool) to both process and depict the essential data. This will significantly 

decrease human error and increase the reliability of the deduced results. 

The knowledge gap of this research revolves around the main contribution in the 

performance assessment paradigm. This research attempts to evaluate the effects of 

extreme weather events on floodplain catchments and develop a consistent, distinctive 

methodology to assess the performance of floodplain catchments by integrating both 

hydrodynamic and risk assessment modelling in which the risk assessment has been 

unprecedentedly implemented in a unique approach that promises accuracy and 

versatility. Nevertheless, an exclusive visual translation of the assessment results is 

presented spatially and temporally. 

Moreover, this research seeks to fill the gap of transferring an accurate visual risk 

estimation of the floodplain system to the decision maker. Decision makers can then 

better understand the entire picture of the system and make reliable decisions regarding 

adaptation strategies for the sustainability of engineering infrastructure. That is, this 

research attempts to fill the gap between technical engineering and management 
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engineering by building a reliable methodology to reach the main target of assessing the 

performance of engineering infrastructure. 
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CHAPTER 3 RESEARCH DESIGN AND FRAMEWORK 

3.1 Introduction 

The main aim of this research is to assess the performance of a floodplain catchment-

particularly one that is located under the engineering urban infrastructure. The 

importance of floodplains comes from the high concentration of properties and assets 

that exist in urban areas. These catchments are supposed to withstand floods from 

upstream (mainly from rainfall) and downstream (mainly from coastal storm surges). 

In contrast, there is no doubt that climate change is happening, even where its effects 

have not been assessed. The consequences of observed extreme events are increasing, 

such as flash floods and storm surges hitting every part of the world. Therefore, it is 

necessary for decision makers and planners to invest every effort to understand, adapt 

and cope with these rapid changes, especially the behaviour of engineering 

infrastructure. 

The performance of engineering infrastructure, which is under the pressure of climate 

change, is crucial because it protects humankind. Thus, it is important to continuously 

assess and appraise the existing infrastructure (e.g. floodplain catchments) and to 

minimise impacts and risks. The performance assessment of such infrastructure can 

provide a detailed picture to decision makers on the status of the system. 

This research will implement the four indicators of reliability, vulnerability, resiliency 

and FRI (Zongxue et al., 1998) and measure the performance of the research domain—

that is, the lower Nerang floodplain catchment. 

The research has integrated management skills such as performance assessments, as 

well as technical skills such as hydraulic modelling to achieve the main aim of this 

study. The following section provides a detailed rationalisation of the methodology and 

framework used. 

 

3.2 Research Domain 

The study domain of this research is located in the lower Nerang catchment in the Gold 

Coast, Australia. As shown in Figure 3.1, the catchment is a vast area with many 

changing local conditions within its boundaries. In addition, it is known as a tourist 

attraction. Therefore, there is a high-density population and many man-made channels, 
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riverbanks and lakes scattered around the research domain, as shown in Figures 3.1 and 

3.2. In addition, the exact boundaries of the study domain are between north (-

27.961198224̊), south (-28.062198679̊), east (153.436819708̊) and west 

(153.358673994̊). Generally, this research domain has been chosen because of the 

availability of topographical and hydrological data. 

 

 

 

Figure 3.1    Lower Nerang Catchment in Gold Coast, Australia (GoogleEarth, 

2011) 
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Figure 3.2 Boundary locations for the study domain (Google Earth, 2011) 

 

3.2.1 Nerang Catchment 
The Gold Coast area comprises eight major catchment areas, including the 

Tallebudgera, Currumbin, Nerang River, Coomera River, Pimpama River, South 

Moreton Bay, Sandy Creek and Broadwater areas (Mirfenderesk, 2009). The Nerang 

River catchment is adjacent to the Tallebudgera catchment to the south and is bordered 

by the Broadwater and Coomera River areas to the north. The Nerang River catchment 

is also adjacent to the Pacific beach area (Mirfenderesk, 2009). Figure 3.3 provides a 

depiction of the catchment area. 
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Figure 3.3 Nerang River Catchment in Gold Coast, Australia (GCCC, 2003a). 

 

During a flood, water from the Nerang River and its associated creeks and local 

catchments accumulates in the lower portions of the river. The Nerang River is partially 

controlled by two dams. A small dam is located in the Little Nerang catchment. The 

Hinze Dam has a catchment area of 210 km2 and controls 43 per cent of the catchment. 

Six catchments in the Nerang River catchment flow into the floodplain to the south of 

the Nerang River These six catchments account for nearly 57 per cent of the Nerang 

catchment area. Storm surges increase the flooding potential of the area as they enter 

into the Broadwater area. This type of flooding has historically been associated with 

major floods (GCCC, 2003a). 
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3.2.2 River Embankments (Nerang River) 
The Nerang River is largely long and narrow with steep valley sides (GCCC, 2003a). 

This increases the potential for runoff and subsequent flooding in the entire catchment 

area. However, this generalisation does not apply to the entire length of the river. The 

embankment varies widely from location to location, and many areas of development 

have floodwalls built next to them. 

 

3.3 Integrated Performance Assessment Model 

An integrated performance model is developed to assess the performance of the Nerang 

floodplain catchment with the influence of climate change. The development of the 

model is divided into two phases: the hydraulic modelling phase and the risk assessment 

phase. These are illustrated in Figure 3.4. 

 

Figure 3.4  Research framework 

 

3.3.1 Hydraulic Model 
The first phase is the 2D hydraulic model for the system, which will illustrate the 

characteristics of the catchments and simulate the physical elements and boundary 

parameters that contribute to flooding. For modelling purposes, the catchment will be 

visually and spatially divided into small squares (grids), or a Cartesian mesh. Every 

square will have an input and an output. The input of this phase will be the current 

hydrology conditions of the catchment or the mesh, which consists of the topography, 

capacity, rainfall rates, flood flows, upstream water levels and flows (Hinze Dam), and 

downstream sea levels (seaway). In addition, the output of this model or mesh will be 

water levels, discharge flows and velocities. 
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Regarding climate change influences, the research will simulate climate change by 

controlling certain inputs of the hydraulic model such as rainfall rates and discharge 

flows. The simulation will be applied by an increase or decrease in percentage of the 

abovementioned inputs. 

In general, the setup of the hydraulic model is adapted by this research as phase one, 

which mainly investigates the water motion behaviour on the study domain based on 

historical extreme flood events. It mimics the action and reaction of water depth, flow 

and velocity on the study area. The model has been calibrated and verified by 

comparing and contrasting the deduced results against the historical and official ad hoc 

data. Moreover, the featured 2D hydrodynamic ability provides an accurate 

representation of the flood extent in 2D. The capacities of such a model provide 

different variables in space and time (spatiodynamics). 

Consequently, hydraulic modelling is the rational logic phase for the water flow 

investigation. Conversely, this research develops a risk analysis model (phase two), 

which is an interdependent phase of the hydraulic model. In addition, calibration and 

verification checkpoints are applied in order to validate the risk assessment model 

(phase two) of this research. 

3.3.2 Risk Model 
The second phase is the risk assessment model of the catchment based on the hydraulic 

information calculated in phase one. This phase measures four performance indicators: 

reliability, vulnerability, resiliency and FRI. These indicators will lead to the discovery 

of the system’s behaviour. 

Moreover, the risk model is derived from the hydraulic information, which includes 

water levels, discharge flows and velocities for the entire catchment or mesh. Therefore, 

the distribution of 2D performance indicators can be achieved from the corresponding 

output of phase one. Every performance indicator has a representative statistical 

equation, which was suggested by Hashimoto (1982) and Zongxue et al. (1998). The 

main contribution of these indicators revolves around engineering sustainability and 

assessing the status and efficiency of the infrastructure’s status quo. 

In fact, the question of infrastructure preparedness against the looming risk of an 

extreme flood event constantly haunts design engineers and decision makers. Arguably, 

there is no doubt that designing a risk-free system is close to impossible. However, 

identifying and assessing the problem is half of the solution. As a result, the intrinsic 



45 

value of such an investigation is the unique ability of these indicators to characterise the 

system’s resistance and sustainability. Loucks (1998) has reported that the reliability, 

resiliency and vulnerability indicators represent the system’s ‘engineering 

sustainability’, which are known as the performance assessment indicators by 

Hashimoto (1982). 

The second phase of this research is dependent on the output of the first phase (the 

hydrodynamic model). The risk model consists of merging the performance assessment 

indicators to deduce the FRI in a spatiodynamic manner. The equation for each 

performance indicator has been measured alongside every essential hydraulic variable, 

such as water level and discharge. These calculations require complex algorithms and 

coding in order to be processed. Generally, this research demonstrates the integration of 

the two phases in turn in order to improve and develop a profound risk assessment 

model for engineering infrastructure. 
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CHAPTER 4 2D HYDRODYNAMIC MODEL: LOWER 

NERANG CATCHMENT 

4.1 Introduction 

 

Hydraulic modelling has been used to predict shallow water flooding in urban areas 

(Zhang et al., 2007). A satisfactory result was obtained by applying this strategy to the 

Fuji River basin in Japan. It provided information for the real-time operations of rescue 

and evacuation routes in the municipal region during the flooding event. It was also able 

to predict natural variations in stream flow that resulted from changes in human actions 

and land use (Feyen et al., 2000). This type of simulation would be a useful tool in the 

development of the strategic management plan for the Nerang floodplain catchment 

area, as it would allow planners to go beyond water levels and landforms to develop 

strategies for rescue and recovery. 

For the flood risk assessment, Simonovic et al. (2003) combined SDs and performance 

assessment methods to evaluate the infrastructure’s reliability and behaviour. However, 

the current methodology of this study implements a hydraulic simulation as an 

operational method in the place of SDs in order to overcome the ambiguity and 

subjectivity of the hydraulic results (Barlas, 1989; Lane, 1994), which may affect the 

integrity and accuracy of the risk assessment model. 

The purpose of this chapter is to develop a distinctive approach to evaluate the 

performance of a floodplain catchment and to depict the behaviour of the catchment 

under a flood event temporally. This chapter will discuss a case study by applying a 2D 

hydraulic model to simulate a flood event in a study domain. It will then conduct a 

preliminary risk model that depends on the output of the hydraulic model to analyse and 

assess the performance of the catchment. The advanced and distinctive risk assessment 

model will be discussed thoroughly in Chapter 5. 

 

4.2 Hydraulic Modelling 

According to Hunter et al. (2008), the 2D hydraulic model in rural floodplains has 

commonly been used. Additionally, it has produced information regarding the physical 

and topographic representation needed to simulate flow qualities at different scales, the 

outcome of various statistical solution schemes around the results acquired and the 
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physical realism of model parameters in various model types. An identical process has 

not yet been carried out for urban floodplains. Until recently, programs have been 

avoided due to insufficiencies in high-resolution data to describe complex urban 

topography and topology, and inadequate model efficiency in trying urban flooding 

simulations on significant scales. 

Solving surface water movement through cities requires the resolution of complex 

discharge channels around structures (Djokic & Maidment, 1991), as well as statistical 

schemes that are able to cope with high-velocity flows at shallow depths. This involves 

model grids in the order of 1–5 m resolutions to capture the appropriate topographic 

features (Mark et al., 2004). In fact, hydraulic modellers have focused on more rural 

situations. However, to undertake comprehensive risk assessments, it is necessary to 

build up a capacity to model cities because this is where nearly all at-risk assets are 

situated. 

Numerous researchers have recorded using 2D hydraulic models to solve complex 

urban problems. Further, the case study presented within this research develops a novel 

approach in the integration of 2D hydraulic modelling and risk assessment for the aim 

of evaluating the performance of engineering infrastructure. Regardless of the 

proliferation of 2D hydraulic models used for engineering infrastructure, knowledge of 

the relative merits of various approaches continues to be limited (Leopardi et al., 2002). 

The development of an appropriate simulation model will play an important role in the 

ability of design engineers to meet the needs of the community in relation to flood 

prevention in the Nerang floodplain catchment. The model chosen must be relevant to 

the geographic area under study and it must be able to provide accurate data for the 

entire catchment area. 

A spatial 2D hydraulic simulation has been used to predict shallow water flooding in 

urban areas (Xinhua, Wenfei & Heping, 2007). A satisfactory result was obtained by 

applying this strategy to the Fuji River basin in Japan, as discussed earlier. For this 

research, MIKE21 by the DHI Group is the simulation software used to model the 

proposed study area (DHI, 2011). 
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4.3 Governing Equations 

The hydrodynamic model in MIKE21 is a general numerical modelling system for the 

simulation of water levels and flows in estuaries, bays and coastal areas. It simulates 

unsteady 2D flows in one-layer (vertically homogeneous) fluids and has been applied in 

a large number of studies (DHI, 2007). 

According to the scientific documentation of the DHI software (2008b), MIKE21 has 

distinctive characteristics. The software package has specialist abilities that can utilise 

the best features of hydraulic simulations. For instance, when considering the flowing 

abilities (DHI, 2008b): 

1. It is a time-dependant, 2D depth-averaged hydrodynamic model that provides a 

higher resolution and more accurate hydraulic information. 

2. Overland flows can be simulated more accurately, and it has an efficient 

flooding and drying facility. 

3. High velocity/supercritical flow conditions can be simulated. 

4. A coastal environment can be simulated. 

5. A fixed grid means less flexibility with resolving features (which can be 

replaced with MIKE21 flexible mesh). 

6. MIKE21 boundaries must be aligned with the grid (horizontal or vertical). 

These key strengths of the model will make it a valuable tool for modelling potential 

planning and development changes in the future of the Nerang floodplain catchment 

area in the Gold Coast. 

However, based on experience working with MIKE21, it has a disadvantage that it is 

very sensitive to flow stabilities and turbulence. It is also referred as flow instability 

‘blow-up’. Many factors may affect the flow stability in the model, such as the digital 

elevation model (DEM), which includes water bathymetry, boundary condition, 

simulation period, spacing with time-steps (Courant number, water viscosity, drying and 

wetting depth, and the corresponding bed resistance). However, to cope with the 

disadvantages and to avoid possible flow instabilities, the sensitive variables have been 

controlled and the Courant number has been monitored carefully (one or less) to 

produce feasible results and measurements. 
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The aptitude to model the hydraulic features using MIKE21 will make it one of the most 

useful tools for the study of potential flood scenarios in the Nerang floodplain 

catchment. Like other models, this model has been calibrated using historical data and 

known flood patterns in several target areas. The reliability of past modelling 

demonstrates that it is a highly accurate method for performing flood predictions 

(Sangjun, Kim & Kim, 2009). 

According to Zhang et al. (2004), the governing equations that illustrate flow and 

hydraulic motion are the hydrostatic equations of Boussinesq Navier–Stokes and the 

formulas for turbulent kinetic energy. These equations are fluid dynamics equations that 

specialise in solving water parameters in motion, such as fluid flows and ocean currents. 

These equations are continuous functions of space and time. 

The governing equations are articulated in orthogonal Cartesian coordinates. These 

equations are expressed in two dimensions (x,y) in which the depth is averaged. In 

addition, the conservation of mass and momentum equations below define water flow 

and level variations (DHI, 2008b). 

(a) The conservation of mass equation: 

 ��
�	 + ��

�� + �
�� = ��

�	  (1)  

where: 

d    time varying water depth  

ζ    surface elevation  
 
p, q flux densities in x- and y-directions = (uh,vh); (u,v) = 

depth averaged velocities in x- and y-directions 
 

(b) The momentum equations: 

 

��
�	 + �

�� ���
ℎ � + �

�� ��
ℎ � + �ℎ ��

�� + ����� + �
��. ℎ�

− 1
�� � �

��  ℎ!""# + �
�� $ℎ!"�%& − '

+ ℎ
��

�
��  �(# = 0 

(2)  



50 

 

 

�
�	 + �

�� ��
ℎ � + �

�� ��
ℎ � + �ℎ ��

�� + ���� + �
��. ℎ�

− 1
�� � �

�� $ℎ!��% + �
�� $ℎ!"�%& + '

+ ℎ
��

�
���  �(# = 0 

(3)  

where: 

h   Water depth (= ζ -d) 

ρw   density of water 

g   gravitational acceleration 

Pa   pressure 

C   Chezy resistance 

f   coriolis parameter 

x, y    space coordinates 

t   time 

τxx, τxy, τyy  components of effective shear stress 

 

Moreover, one of the distinctive features of MIKE21 is that it implements the 

alternating direction implicit (ADI) technique to combine the equations for mass and 

momentum conservation in the space–time jurisdiction. The mathematical equation 

matrices, which are responsible for each direction and each individual grid line, are 

resolved using a double sweep (DS) algorithm—for example, to allow for zero 

numerical mass negligence and momentum falsification. In addition, it is versatile in 

adjusting to second- and third-order momentum terms by the Taylor series expansion. 

These features will ultimately enhance the accuracy and reliability of the results (DHI, 

2007). 
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4.4 Model Setup 

The study domain of this research is located in the lower Nerang River catchment over 

an area of 489 km2. The catchment is between the McPherson Ranges to the south, the 

Pacific Ocean to the east, the Broadwater to the north and the hinterland to the west. 

The catchment comprises several contributing creeks that eventually discharge into the 

Broadwater, which represents the end-point of this river system. 

Consequently, this part of the river is dominated by the tide motion of the Pacific Ocean 

through the Southport Seaway in the Broadwater. The Southport Seaway was 

constructed in 1986 to control the northbound progression of the Nerang River mouth. It 

is estimated that 14 per cent of the catchment area is inundated during a 1 per cent 

annual exceedance probability (AEP) flood, which results in substantial flooding within 

the highly urbanised Gold Coast city. The lower stretches of the Nerang River are 

reinforced by the revetment walls to prevent riverbank erosion. Some of these walls 

have shown signs of deterioration in recent years (Adair & Rahman, 2011). 

The next logical step in the research methodology is to apply the chosen simulations 

and models to the Nerang catchment. The focus of this study is to assist in the 

development of a simulation model that can predict flood conditions in the target area. 

The Nerang floodplain catchment is a vast area with many changing local conditions 

within its boundaries. The current complicated conditions of the catchment area in terms 

of channels and sub-catchments makes it almost impossible to classify the entire 

catchment area in a single analysis. However, results may be more feasible when using 

an appropriate simulation model such as MIKE21. 

Modelling and classification of the entire catchment area was undertaken with the aid of 

MIKE21. Areas of population are of the greatest concern, followed by areas of 

economic importance such as industrial and agricultural land. The next step in the 

research process is to choose a target area for study and then conduct a simulation based 

on accurate local data. The objective of this phase is model development. Model testing 

and data collection are the proposed steps for evaluating the model. 

The development of an appropriate hydraulic model will play an important role in the 

ability of design engineers and planners to meet the needs of the community in flood 

protection in the Nerang floodplain catchment. Thus, the DHI’s MIKE21 software was 

used (DHI Group, 2011) to simulate the water levels and flow conditions. 



52 

4.4.1 Digital Elevation Model 
As shown in Figure 4.1, the DEM contains the matrix of a data structure using the 

topographic elevation on every pixel that is saved inside a matrix node. DEMs are 

distinctive to other DEM representations—for example, triangular irregular mesh (TIM) 

and contour-based data storage structures. DEMs can easily be bought and are easy to 

use; therefore, they have been utilised for common applications towards the analysis of 

hydrologic issues. However, they are afflicted by disadvantages that arise from their 

gridded design, which lacks the bathymetry of water features along the represented area 

(Tarboton, 1997). 

The DEM shown below is a representation of the geographic geometry of the study 

domain. It depicts the topography level along the lower Nerang River with a grid size of 

5 m. It is located under the WGS 1984 UTM Zone 56S coordinate system and the 

Transverse Mercator projection set-up. It corresponds to the datum of WGS 1984 and 

the units are in metres. 

In addition, the exact DEM location is between north (-27.961198224 ̊), south  

(-28.062198679 ̊), east (153.436819708 ̊) and west (153.358673994 ̊) as shown in Figure 

4.1. Typically, the elevation of the presented DEM ranges from -0.21 to 43.8 m. Thus, 

DEM only illustrates the surface elevation without water depths or the depths of the 

water features (e.g. lakes, rivers and ponds) in the study domain. To solve this problem, 

surveyed water depths need to be merged with the DEM to fully represent the 

topographic feature of the study domain. Section 4.4.2 provides elaborates on the 

emergence process. 
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Figure 4.1 DEM of the study domain 

 

4.4.2 Bathymetry 
The bathymetry of the study domain is shown in Figure 4.2, which is combined with the 

DEM data to produce a fully featured map that contains topography information and 

water depths, as shown in Figure 4.3.  
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Figure 4.2 Surveyed water depths for the lower Nerang River 

 

The combined bathymetry has a grid size of 30 m. As a preliminary explanation of the 

study domain parameters, there are three boundaries: one in the west that illustrates the 

flow coming from upstream in Carrara, one in the south from the Boobegan creek and 

one downstream east in Evandale. These three locations have measurement stations in 

place that are managed by the Department of Environment and Resources Management 

(DERM) and the Bureau of Meteorology (BOM) of the Australian Government in 

Queensland. The following sections present detailed information regarding the 

controlling boundaries of the study domain. 
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Figure 4.3 DEM for the study domain 

 

4.4.3 Initial Condition 
One of the most basic set-up processes is to arrange and load the initial condition of the 

water in the study domain, as shown in Figure 4.4. The preliminary condition of the 

area plays a vital role not only in the simulation of water to be as close as possible to 

reality, but also in eliminating any errors of inflow and outflow. 

The main purpose for the initial condition to be considered in the simulation is to 

determine the ideal water depth at t=0. Otherwise, the entire channel network would be 

dry. For this simulation, water depths in the study domain were set to be 0 in 

accordance with the Australian Height Datum (AHD).  

Carrara

Boobegan Ck 

Evandale
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Figure 4.4 Initial Condition 

 

4.5 Open Boundaries 

The governing boundary conditions have been selected precisely to cater for the natural 

water flow in the region (see the figures in the following sections). There are three main 

boundary conditions for this study domain, including the Carrara inflow from the west 

and water level conditions from the south and east. The latter two conditions are mostly 

influenced by tidal force. In addition, the three boundaries are supported by existing 

flood warning stations. The required hydraulic data can be extracted accordingly, and 

the results can be calibrated and verified based on these open stations. 

This section applies a simulation period for this model over 15 days. The simulation 

period has the characteristics of higher water levels than the average. As mentioned, 

three boundary conditions have been assigned to the simulation, as illustrated in Figure 
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4.3: the discharge (m3/s) boundary in Carrara and level boundaries (metres) for both 

Boobegan Creek and Evandale.  

A preliminary sketch of the research domain is shown in Figure 4.5. This figure 

illustrates the boundary parameters and relative locations. The boundaries include one 

inflow and two level conditions according to the geometry and natural slope of the 

domain. 

 

Figure 4.5 Sketch of the lower Nerang river and boundary parameters 

 

4.5.1 Western Boundary: River Discharge 
The western boundary represents the mountainous inflow that pours into the Nerang 

catchment, which is generated by precipitation. This constitutes the largest water flow 

into the lower Nerang River. The typical river discharge during 2012 is shown in Figure 

4.6. In addition, this investigation uses a simulation period at the end of May 2012 for 

the purpose of hydraulic model calibration. 
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Figure 4.6 Monthly total rainfall and river discharge in year 2012 (BOM, 2013) 

 

The western boundary is fed by the upper Nerang River in the Carrara area as an inflow 

(see Figure 3.2). In addition, it assimilates the mountainous runoff upstream from the 

Hinze Dam. It is one of the major flows into the Nerang River in terms of quantity. 

Moreover, as shown in Figure 4.5, it is an open boundary of 110 m wide and 5 m 

(average) in depth. Figure 4.7 illustrates a sample inflow boundary condition in Carrara 

that was used in the simulation. 

  

 

Figure 4.7 Carrara boundary inflow condition (m
3
/s) 

 

4.5.2 Southern Boundary: Water level 

The southern boundary serves the domain as a level condition. It has an opening of 

50 m wide and 2 m deep that controls the flow in the southern region of the Nerang 

catchment. Notably, as it has a water level condition, this boundary acts as an inflow or 
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an outflow depending on the water level and flow quantities at the time of the 

simulation. If the water level is higher than the water level of the boundary, it will act as 

an outflow and vice versa.  

 

Figure 4.8 Boobegan Creek boundary level condition 

 

4.5.3 Eastern Boundary: Water level 
Lastly, the eastern boundary is mostly dictated by tides from the sea because of its 

nearness to the Gold Coast Seaway. This seaway is the farthest downstream point of the 

Nerang River before it enters the ocean. The geometry dimensions of the boundary are 

85 m wide and 4 m deep. 

 

 

Figure 4.9 Evandale boundary level condition 
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4.6 Mesh and Time Step 

In this simulation, a hydraulic warm-up period has been conducted for five days before 

applying the main model. However, the results in this paper only present the main 

simulation period. Table 4.1 lists the basic simulation parameters that have been used in 

the simulation. Further, it shows the location of the boundary parameters on the mesh 

model. 

 

Table 4.1 Simulation parameters 

Parameter Value 

Simulation Period (days) 31-05-2012 1:00:00am 

(start) 

03-06-2012 1:00:00am 

(end) 

No. of time steps 

(seconds) 
92400 

Time step Interval 

(seconds) 
3 

Data Extraction (Minutes) 60 

Grid Spacing (meters) 30 

Bed Resistance (m1/3/s) 25 

Boundary Location 

            Carrara 

            Booboegan Creek 

            Evandale 

First 

(0,79) 

(98,65) 

(41,0) 

Last 

(0,80) 

(98,66) 

(42,0) 
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Generally, the input of this phase consists of hydrology conditions that are related 

homogeneously to the catchment for the simulation period or event that is being 

examined. Nevertheless, the output of the model contains simulated water levels, as 

shown in Figure 4.10.  

 

Figure 4.10 Simulation results that represents the water depth of the research 

domain on 31-05-2012 at 01:00 am 

 

For the current section of this research, a point on the riverbank has been chosen to be 

examined, which is at (153̊ 24 ̍32.94,̎ 28 ̊01 ̍02.01)̎ longitude and latitude respectively, 

as shown in Figure 3.2. Moreover, a time series of the water levels has been extracted 

and loaded as an input to the risk assessment model, as seen in Figure 4.11. 
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Figure 4.11 Extracted water levels from the point (153 ̊ 24 ̍32.94,̎ 28 ̊ 01 ̍02.01 ̎) 
 

The following section will provide a preliminary narration of the proposed simulation 

periods that the research will conduct in Chapter 5. It is necessary to note that these 

periods are relate to extreme flood events that the study domain has experienced in the 

past. In addition, the main target of this research is to examine the distinctive 

methodology of this study and how this approach can improve the accuracy and speed 

of the risk assessment process in the targeted floodplain catchment. 

4.7 Model Calibration 

The numerical simulation of the physical property of water involves many variables, 

including boundary conditions such as flow and tide data, and parameters such as 

bottom roughness, dispersion coefficient and turbulence coefficient, which have a high 

degree of sensitivity on the simulation results. Thus, calibration is necessary to ensure 

the feasibility of the results deduced and to enhance the representation of the prototype 

modelled of the actual domain. 

Moreover, the highlighted areas in Figure 4.12 are predesigned flood-prone areas based 

on hydraulic modelling generated by the GCCC. These flood levels are used to compare 

and verify the results deduced from the hydrodynamic simulation model for calibration 

and verification purposes. The figure also shows the location of the calibration point of 

the model. 
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Figure 4.12 Designated flood areas (GCCC, 2008) 

 

The current model undertakes two calibration strategies: monitoring from the available 

warning stations, and employing the predesigned flood-affected area maps for the 

calibration process. 

Figure 4.13 represents a plot of measured against simulated water level data for a 

chosen point in the study domain at (153̊ 24 ̍32.94̎, 28 ̊01 ̍02.01̎) longitude and latitude 

respectively for calibration point 1. This point has been chosen due to the availability of 

the Evandale telemetry station, so flow data can be measured. 

Calibration Point 1 

Calibration Point 2 
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Figure 4.13 Calibration of the hydraulic model in Carrara. 

 

Further, for the sake of double verification, another point has been chosen that is just 

near the Boobegan Creek telemetry station (Calibration point 2: as shown in Figure 

4.12), so actual data can be extracted as shown in Figure 4.14. As a result, there is a 

high positive correlation between the actual and simulated water levels. 

 

Figure 4.14 Calibration of the hydraulic model in Boobegan Creek 

 

The deduced water levels as illustrated in Figure 4.14, show a correlation coefficient of 

95 per cent (0.9557). In addition, the Root Mean Squared Error (RMSE) between the 

results simulated and measured is 5.92 per cent. 

Consequently, and based on the correlation coefficients mentioned, it can be concluded 

that the above calibration process has proven the integrity of the simulated prototype. It 

can confidently be stated that later simulations for the same study domain are feasible 

and reliable. 
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Regarding the discrepancy between numerical simulation and fielded measurements, 

there a couple of reasons that causes the inconsistency between the two measurements. 

Firstly, the Bed Resistance value. The bed resistance value varies for every type of 

surface along the catchment. Yet, this simulation has adopted a globalized bed 

resistance value, due to the lack of resistance data and complex surface variations 

throughout the catchment. The second reason for the discrepancy is due to the grid 

spacing best available for this simulation. The grid spacing applied was 30m. However, 

lower grid spacing of at least 5m shall increase the accuracy significantly. 

 

4.8 Flooding Event in 1974 

The 1974 disastrous floods caused hundreds of millions of dollars in infrastructure 

damage and resulted in 14 deaths. However, the local government should not be 

complacent (Connolly, 2000). Brisbane experienced record rainfalls throughout the 

1973–1974 summers—a pattern that reflected rainfalls around most of Australia at that 

time. Residential canals were first constructed on the Gold Coast in the 1950s, and 

construction continues to this day (Young & Collier, 2009).  

The majority of canals are extensions to the Nerang River; however, there are additional 

canals along Tallebudgera Creek and Currumbin Creek to the south and along Southport 

Broadwater to the north (Pitt, 2008). Figure 4.15 shows the total monthly rainfall for the 

Nerang River and the monthly discharge quantity from October 1973 to May 1974. 

 

Figure 4.15 Typical daily total rainfall and river discharge in year 1974 (DERM, 

2011) 
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Around January 1974, a low-pressure system situated 600 km east of Mackay developed 

into Cyclone Wanda, which passed the coast near southeast Queensland in the following 

day, delivering flash flooding towards the Brisbane River catchment and pushing the 

storm trough southwards towards the Gold Coast, as shown in Figure 4.16 (Koenderink 

& van Vliet, 2006). 

 

Figure 4.16 Affected urban areas after the January 1974 flood in Southeast 

Queensland (Cardenas, 2008) 

 

The total rainfall in the Brisbane suburban area varied from 500 to 900 mm during the 

five-day period from 24–29 January 1974. The BOM recorded 650 mm in central 

Brisbane. The Brisbane River reached its highest level since 1893 (Axelrod, 1997). 

Similarly, Ipswich, which is a low-lying flood-prone area, endured excessive 

destruction. Around 8,000 property owners were affected, with many homes entirely 

destroyed and others with damage bills of thousands of dollars. In addition, according to 

the BOM (2009), the 1974 flood was one of the major flood events that affected the 

Gold Coast region. Figure 4.17 shows the water level at the Evandale telemetry station 

through multiple flood events, including the 1974 flood. 
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Figure 4.17 Water level classification at Evandale Telemetry station (BOM, 2009) 

 

As a result of the major flood, damage was caused by both strong currents and flash 

flooding that carried debris. Business properties and industries incurred millions of 

dollars in damages because of damage to properties and inventory as well as the loss of 

business. The estimated damage reached approximately A$200 million in 1974 dollars 

value (Hejmanowska, 2006). 

The 1974 flood event is one of the worst flooding events that the Gold Coast has 

experienced. As mentioned in the previous section, the engineering infrastructure such 

as the floodplain catchment could not cope with, or adapt to, the tremendous pressure 

caused by the flood. This research has chosen the 1974 event to implement the 

distinctive approach of performance assessment and risk modelling. The following 

section will exhibit the hydrodynamic model of the 1974 event, and it will illustrate the 

boundary conditions and model results. The output results of this model will provide the 

input data for the second phase, which is the performance assessment model in Chapter 

5. 

4.8.1 1974 Model Setup 
The aim of this section is to simulate the major flood event that took place in the lower 

Nerang River in 1974. This research has chosen this major event as a benchmark for the 

implementation of the distinctive approach to the risk and performance assessment of 

the catchment. The hydraulic simulation results that are deduced in this section will be 

used in the risk assessment model in Chapter 5. 
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The simulation model set-up requires a DEM that includes water bathymetry, boundary 

condition, simulation period, spacing with time-steps (Courant number, water viscosity, 

drying and wetting depth and the correspondent bed resistance). Table 4.2 shows the 

simulation variables that were used. 

Table 4.2 1974 simulation parameters 

Parameter Value 

Simulation Period (days) (start) 

05-01-1974 1:00:00am 

(end) 

10-02-1974 1:00:00am 

No. of time steps 

(seconds) 
1036800 

Time step Interval 

(seconds) 
3 

Data Extraction (Minutes) 60 

Grid Spacing (meters) 30 

Bed Resistance (m1/3/s) 25 

Boundary Location 

            Carrara 

            Booboegan Creek 

            Evandale 

First 

(0,79) 

(98,65) 

(41,0) 

Last 

(0,80) 

(98,66) 

(42,0) 

  

In setting up the simulation model, the Courant number plays an important role as a 

dimensionless flow parameter in the simulation with MIKE21. Courant number C is 

defined as C=c(t/x), where c is celerity, t is time-step and x is grid spacing. Celerity c is 

defined as c=sqrt(gh), where g is gravity and h is average water depth. The Courant 

number identifies the number of grid points that the actual celerity data travel within 

one time-step. In the modelling flow, the Courant number should be kept below 1 to 

avoid flow instabilities. Perhaps the biggest issue in utilising the hydrodynamic model 

in this study is the model stability or blow-up issues. Many aspects such as boundary 

conditions, bed resistance (Manning number), the Courant number (spacing and time-

steps) and flooding/drying specifications influence the model’s stability. As a result, it 

is crucial to manually monitor the accuracy and viability of these aspects beforehand 

assigning the relevant factors to the model. 
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There are three major boundary conditions for this simulation: the western boundary 

(Carrara discharge condition), the southern boundary (Boobegan level condition) and 

the eastern boundary (Evandale level condition). Figure 4.18 shows the Carrara 

discharge boundary. The simulation period was 36 days. For the purpose of ‘flow 

basing’, the simulation was run for five days before the first water peak. In addition, 

two discharge peaks occurred during the simulation period, which in turn magnified the 

flood impact on the study domain. 

Figure 4.18 illustrates two major flood peaks. The first flood peak lasted for 

approximately 28 hours with a maximum discharge level of 1752 m3/s. The second 

flood peak lasted for approximately 129 hours with a maximum discharge level of 1348 

m3/s. 

 

Figure 4.18 Discharge boundary condition at Carrara 

 

Notably, 70 per cent of the lower Nerang River is dominated by the tidal force of the 

ocean through the opening of the Seaway in Southport, Queensland. Figure 4.19 shows 

the third level boundary condition at Evandale. In addition, the water level is higher in 

January than in February, and that is due to the natural phenomenon of the spring tide 

effect caused by the different position of the sun, moon and earth in space. This effect in 

turn influences the tide force by increasing water levels in the spring season. 

Consequently, these tidal effects worsened the flood damage caused by the 1974 flood 

event. 
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Figure 4.19 Water level boundary condition at Evandale 

 

After setting up the required variables and constants for the proposed simulation of the 

targeted area, different customised results can be deduced, such as water levels, flows, 

velocities and pressure. For the current simulation, water levels were chosen to be 

extracted spatiodynamically (spatially and temporally) and stored in special files in a 2D 

Data File System (DFS2). 

Water levels were customised to be extracted every hour. Therefore, the deduced data 

were represented hourly, which totals 864 time-steps (36 days) for this simulation. 

Figures 4.20-4.31 illustrate the extracted water levels and represent the flood behaviour 

and extent through the simulation period, as well as the changing water depths along the 

river and floodplain. 

 

 

 

 

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

5/1/74 10/1/74 15/1/74 20/1/74 25/1/74 30/1/74 4/2/74 9/2/74

W
a

te
r 

L
ev

el
 (

m
)

Time



71 

 

Figure 4.20 Extracted water depths on 11-01-1974 at 02:00pm 

 

Figure 4.21 Extracted water depths on 12-01-1974 at 08:00am 
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Figure 4.22 Extracted water depths on 12-01-1974 at 09:00am 

 

Figure 4.23 Extracted water depths on 12-01-1974 at 10:00am. 
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Figure 4.24 Extracted water depths on 12-01-1974 at 12:00pm 

 

Figure 4.25 Extracted water depths on 14-01-1974 at 10:00am 
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Figure 4.26 Extracted water depths on 15-01-1974 at 09:00pm 

 

Figure 4.27 Extracted water depths on 24-01-1974 at 03:00pm. 
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Figure 4.28 Extracted water depths on 25-01-1974 at 04:00pm 

 

Figure 4.29 Extracted water depths  on 26-01-1974 at 03:00am 
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Figure 4.30 Extracted water depths on 26-01-1974 at 11:00am 

 

Figure 4.31 Extracted water depths on 26-01-1974 at 06:00pm 
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Water velocity plays an important role in the impact estimation of any flood event. In 

fact, it elucidates the magnitude of the flow force that eventually contributes to the 

damage that extreme flood events can impose. 

Figure 4.32 represents the water velocity that took place on 12 January 1974 at 10.00 

am. One can deduce the flow ferocity along the lower Nerang River channel, and 

especially in the area between Boobegan Creek and the Nerang River.  

 

Figure 4.32 Velocity vector map for the lower Nerang River on 12-01-1974 at 

10:00am 

 

To enhance the results and delineate the extent of a flood in a study domain, the 

representation can be superimposed on a satellite image. This process will ensure a deep 
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understanding of the impact of the flood on engineering infrastructure such as 

floodplain catchments. This can be done using Google Earth, which provides 

coordinated satellite images. 

With this functionality, the water depth of the flooded area is projected by loading the 

dfs2 file format into Google Earth. However, before projecting the flood inundation 

onto the Google map, the location/coordinates of the domain must be defined. This is 

done by editing the geographical position of origin in the properties of the geographical 

information. Hence, the latitude and longitudinal coordinates in degrees, minutes and 

seconds are known. For the sake of presentation, Figure 4.33 illustrates selected (a, b, 

and c) time-steps the flood inundation in the lower Nerang catchment using Google 

Earth.  

 

 

(a) 
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Figure 4.33 (a, b and c) Superimposing selected time-steps of the simulated 1974 

flood extent on Google Earth Satellite image. 

 

4.9 Climate Change Flood Scenario 

There is no doubt that climate change will first affect the engineering infrastructure 

through water. As discussed in Chapter 2, Australia has experienced changes in weather 

patterns in the past 30 years. Intensities and frequencies of extreme weather events 

differ across the country, especially in the southeast Queensland region. This obligates 

(b) 

(c) 
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design engineers and decision makers to evaluate and assess the existing infrastructure 

in relation to such effects. 

 Reliable and official verification sources specialise in combining climate change 

projections and the corresponding flood effects that could occur under a known 

scenario. OzCoast is the coastal information arm of Geoscience Australia. It provides 

conceptual hydrodynamic simulations for coastal areas in Australia. Figure 4.34 shows 

a flood map of the lower Nerang catchment under the influence of a 1 m sea level rise. 

 

 

Figure 4.34  Flood map of the lower Nerang catchment under 1m sea level rise 

(OzCoast, 2013) 

 

According to Abbs, Mclnnes & Rafter (2007), climate change is likely to be evident in 

an increase of rainfall extremes in two-, 24- and 72-hour ARI events. Based on an 

extensive investigation into rainfall intensity and rising sea level projections for the 

Gold Coast region in 2030 and 2070. In addition, they concluded that they expected a 

40 per cent rainfall increase relative to the current climate. In addition, the investigation 

predicted an increase of 70 per cent for the two-hour rainfall intensity event. Sea levels 

are expected to increase in 2030 and 2070 by 58 cm and 81 cm respectively. 

Generally, OzCoast has simulated a climate change projection of the effects of a 1 m 

sea-level rise in the lower Nerang River. In addition, the GCCC has officially released 

flood-designated areas for the Nerang catchment, based only on simulated flood peaks 

caused by extreme precipitation events. 
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This section of the research combines both sea-level rises and flood peaks caused by 

extreme precipitation. These two effects have been demonstrated as climate change 

effects that can affect the study domain. The research has implemented the extreme 

event scenario suggested in the year 2070, with a sea-level rise of 81 cm and a 40 per 

cent increase in peak flood levels. 

The following figures illustrate the boundary conditions of the study domain. These 

boundaries have been modified to comply with the projection scenarios suggested in 

2070. 

 

Figure 4.35 Climate change scenario boundary condition at Evandale 

 

 

Figure 4.36 Climate change scenario boundary condition at Carrara 

 

The following figures depict the simulation results that consist of water depths and 

velocities of the extreme events (Figures 4.37 to 4.43). These figures illustrate the 

velocity-extracted results for the study domain. The velocity is shown in both U and V 
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vectors. In addition, the critical velocity in the lower Nerang River is between is 

between (0.2 – 0.4) m/s for the 50-100 ARI flood event (ARUP, 2011). As a result, the 

research has adopted 0.3m/s as the critical velocity in the simulation. 

 

 

 

Figure 4.37 Climate change scenario: extracted water depth on 12-01-2070 at 

7:00am 
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Figure 4.38 Climate change scenario: extracted water depth on 12-01-2070 at 

8:00am 

 

Figure 4.39 Climate change scenario: extracted water depth on 12-01-2070 at 

9:00am 
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Figure 4.40 Climate change scenario: extracted water depth on 12-01-2070 at 

10:00am 

 

Figure 4.41 Climate change scenario: extracted water depth on 12-01-2070 at 

11:00am 
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Figure 4.42 Climate change scenario: extracted water depth on 26-01-2070 at 

6:00pm 

 

Figure 4.43 Climate change scenario: extracted water velocity, U vector on 26-01-

2070 at 6:00pm 
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As shown in the presented velocity maps below (Figures 4.44-4.48), there are areas of 

violent flow activity at the speed of 5 m/s. This type of speed has a substantial erosion 

and damage effect on the floodplain catchment. In this section, a point of interest in the 

study domain has been chosen based on high velocity measurements. There is 

substantial velocity measurement compared with the 1974 extreme flood event in the 

study domain, especially at the location of (28 ̊01 ̍42.72  ̎S, 153 ̊23̍ 36.08  ̎E). The point 

is identified in Figure 4.46. 

 

 

 

Figure 4.44 Climate change scenario: extracted water velocity, U and V vector on 

26-01-2070 at 6:00pm 



87 

 

 

 

 

Figure 4.45 Climate change scenario: extracted water velocity, U and V vector on 

12-01-2070 at 6:00am 
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Figure 4.46 Climate change scenario: extracted water velocity, U and V vector on 

12-01-2070 at 9:00am 

Examination Point 
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Figure 4.47 Climate change scenario: extracted water velocity, U and V vector on 

12-01-2070 at 10:00am 
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Figure 4.48 Climate change scenario: extracted water velocity, U and V vector on 

26-01-2070 at 6:00pm 

 

Further, data have been extracted for the same point for further analysis and comparison 

between the highest recorded flood event in the study domain, which is the 1974 flood, 

and the climate change scenario of 2070. The below figures have depicted a comparison 

of water level time series and velocity vectors (U, V) at the location (28̊ 01̍ 42.72  ̎S, 

153̊ 23 ̍36.08  ̎E). 
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Figure 4.49 Comparison between velocity vectors and water level for an  extracted 

point in the study domain at  ( 28 ̊01 ̍ 42.72  ̎S, 153 ̊ 23 ̍36.08  ̎E ) for 

the 2070 climate change scenario 
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Moreover, a comparison has been conducted for 1974 and 2070 for the same extracted 

point to gain further insight into the behaviour of the hydraulic parameters change 

between the worst flood event that has occurred and the projected climate change 

scenario. 

One can deduce from Figure 4.50 below that there is an obvious water-level rise for 

2070 compared to 1974. In addition, in Figure 4.51, there is no significant change in the 

velocity U-vector direction and magnitude between 1974 and 2070. However, as shown 

Figure 4.51, there is a slight increase in the magnitude of the velocity in the V-vector 

direction in 2070. Further, the examination point threshold is at 3.30 m, which 

represents the critical riverbank level and the exceedance of this level initiates the flood 

process. 

In contrast, by knowing the previous historical effects of the 1974 flood and the damage 

that the entire infrastructure has inherited, as well as the enormous losses in the 

aftermath, it is essential to put proactive measures in place to be aware of the problem 

before updating stakeholders, design engineers and decision makers regarding the 

expected effects. Suggestions for future work will be discussed in Chapter 6. 

 

 

Figure 4.50 Comparison of water level at the point of (28̊ 01̍ 42.72  ̎S, 153̊ 23̍ 36.08  ̎

E) between the record flood event in 1974 and the climate change 

scenario in 2070. Moreover, the horizontal line represents the 

riverbank level for the same point at a threshold of 3.30m.  

 

2.5

3.5

4.5

5.5

6.5

7.5

0 100 200 300 400 500 600 700 800 900

W
a
te

r 
L

ev
el

 (
m

)

Hourly

1974

2070



93 

 

Figure 4.51 Comparison of the velocity vectors U and V at the point of (28 ̊ 01 ̍

42.72  ̎S, 153 ̊23 ̍36.08  ̎E) between the record flood event in 1974 and 

the climate change scenario in 2070 

 

 

4.10 Conclusion 

The main scop of this chapter is setup a hydrodynamic model for the lower Nerang 

River catchment. The research adopted 2D simulation for two extreme flooding events. 

This chapter commenced with conceptual discussion on hydraulic simulation and the 

regarded governing theories. Then, the research manifested the process of setting-up the 

hydrodynamic model along with the prerequisite data such as DEM, bathymetry and 

initial condition. Also, it demonstrated the necessary model calibration and verification. 

After that, the research illustrated the main open boundaries and their location in the 

study domain.    

The hydrodynamic model in this chapter implemented two flooding events. Firstly, a 

historical extreme flood event in January 1974. Secondly, a climate change scenario for 

an extreme flooding event in 2070. 

In fact, chapter 4 in this research are mostly included in a conference publication under 

the collaborative work of Alsaqqaf and Zhang (2011). The main aim of the study was to 

develop a novel approach to evaluate hydraulic risks raised by extreme floods (Alsaqqaf 

& Zhang, 2011). Generally, the approach involves integrating a 2D hydraulic simulation 

with risk modelling in order to assess the performance of the system. 

This assessment can provide decision makers, engineers and planners with information 

regarding the significance of the driving factors that contribute to risks, such as storm 
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surges and flash floods that could be caused by extreme rainfall. In addition, the 

approach suggests optimum safe zones for urban reclamation. Nevertheless, the 

adaptive capacity of the existing infrastructure in the case of an extreme event should be 

examined. Moreover, inferences regarding upgrading, modifying or disregarding the 

catchment depends on the system’s coping measures. 

The focus of this study is to contribute to the development of a distinctive approach. 

This approach comprises a simulation model that can predict and evaluate flood 

conditions and behaviour in the target area. It has merged technical skills such as 

hydraulic modelling with the management skills such as performance assessment to 

achieve this aim. 

Further, this research presents the development of a consistent novel methodology in 

integrating hydraulic and risk assessment modelling to assess the performance of a 

floodplain catchment in the lower Nerang catchment in a spatiodynamic manner. The 

performance assessment of such infrastructure provides a detailed depiction of the 

system’s status. Moreover, this research aims to fill the gap of conveying an accurate 

visual risk estimation of an engineering infrastructure to the decision maker. Decision 

makers and stakeholders can then better understand the risk context of the system 

precisely and make reliable decisions regarding adaptation strategies for the 

sustainability of the engineering infrastructure. 
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CHAPTER 5 PERFORMANCE ASSESSMENT 

5.1 Introduction 

Engineering structures are increasingly forced to withstand more frequent and extreme 

weather events, more climate variability and changes in climate norms (average 

conditions). Numerous extreme weather events have already occurred, such as the storm 

that hit southeast Queensland in January 2013. These changes are projected to worsen 

over time in terms of intensity and frequency (Abbs, 2004). As a result, it is anticipated 

that these changes will influence civil infrastructure systems in a number of ways. 

Therefore, a significant investigation and evaluation is needed to identify and assess 

these risks and to improve the assessment strategy of infrastructure management and 

planning to cope with projected changing climate risks in the future. 

This study presents an improved assessment model of the engineering infrastructure—

especially flood control systems. The improved evaluation model integrates the output 

of a hydrodynamic simulation into a risk assessment model. The model features a 

representation of the predicted risk into a temporal-spatial-dynamic depiction of the 

effects imposed, such as an extreme weather event. The intrinsic value of such a 

methodology is the preciseness of translating theoretical risk spatially and temporally, 

which in turn provides an effective tool for engineers and decision makers to 

comprehend the full picture of the risk effects. 

The integration of both models will be detailed in this chapter, as well as a description 

of the enhanced methodology implementation in the study domain. Moreover, a 

discussion of the deduced results and outcomes will be presented.  

 

5.2 Performance Assessment 

Designing a failure-free system is almost impossible. Even the best system designs are 

bound to fail. In the case of flood protection systems, it is difficult to predict the stresses 

that natural forces will place on the systems. Even the best-designed system can be 

inundated by extremes from nature, causing ultimate system failure. Therefore, 

engineering performance indicators need to evaluate the integrity and behaviour of a 

system. This can be done by assessing the reliability, resiliency, vulnerability and FRI 

of the engineering infrastructure system. 
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The terms reliability, resiliency and vulnerability have typically been applied to water 

supply systems such as water reservoirs. However, the issue addressed by this research 

is not one of supply, but one of deterrence. The systems will be modelled and tested 

with the goal of impeding water from reaching communities and populations in the 

lower Nerang River catchment. 

The purpose of this research is to develop a system that can accurately describe the 

ability of the flood deterrence system to prevent damage and injury to persons living in 

the floodplain, as well as human assets. The same terms used to describe the reliability 

of a water supply system can also be applied to a water deterrence (protection) system. 

In addition, these terms are discussed in more detail in the following sections, as well as 

how they can be applied to the flood protection system. In addition, the equations 

related to every performance assessment are presented. 

5.2.1 Reliability of a System 
The reliability of a flood control system can be defined as the satisfactory state of the 

system—for example, the system protects the targeted area from flooding successfully. 

It can be expressed as the probability that a system is operating in a satisfactory state at 

any given time. Inversely, reliability can refer to the probability that no failure occurs 

within a given amount of time (Hashimoto, 1982). This definition of reliability could be 

considered the opposite of risk, which is safe. In view of this research, the reliability of 

a system is defined as the water level (Vt) to be contained within the river channel (Vf) 

or riverbanks. Alternatively, the water level is less than the cross-sectional top height of 

the river channel.  

The reliability of a flood control system, α, can be formulated as:  

 * �, �, 	# = 1
,- 	./0

12

034
 (1)  

where 

/0 = 1	,				∀	�0 	 ∈ 		7 

/0 = 0	,				∀	�0 	 ∈ 		8 

Here, zt is the performance state of a flood control system in the time interval ∆t, the 

values of 1 and 0 represent the system performing successfully with no failure and the 

system failing respectively. xt is the hydraulic parameters or flood characteristics 



97 

including inundation depth, flow velocities and flood duration, which are applied to the 

reliability evaluation of a system. These criteria have been set to determine the state of 

the system. The system fails, xt = 0, if the water levels or flow velocities exceed the 

river channel bank or the maximum average velocity, otherwise it is satisfactory (S),    

xt = 1. Moreover, Ns is the number of time intervals in the entire duration of the 

assessment period. 

Furthermore, the critical velocity in the lower Nerang River is between (0.2 – 0.4) m/s 

for the 50-100 ARI flood event. As a result, the research has adopted 0.3m/s as the 

critical velocity. 

For this research, in terms of water level, the failure state (F) is the time interval during 

which flow exceeds both catchment and river channel capacity in the entire grid of the 

study domain. That is, failure occurs when water level exceeds the maximum capacity 

level of the catchment or river channel. zt is a count function of S and F. 

In summary, based on the simulation initial condition and dry and depth levels, in any 

given time-step throughout the simulation, it is satisfactory or safe state (S), if the water 

level is lower or equal to the bathymetry level along the side of the river. In contrast, it 

is Failure (F), if the water level is higher than the bathymetry level along the side of the 

river. 

5.2.2 Vulnerability of a System 
In this study, the vulnerability of a flood control system represents the extent of the 

system’s failure. It measures the effects of floods on the overall functional ability of a 

flood protection system. The actual amount of flood damage depends on the 

vulnerability of the infrastructure. The system is more vulnerable if it is exposed to a 

higher potential for damage. 

The capacity of the flood control system should contain the vulnerability that is caused 

by the rising water levels and velocities. The purpose of the vulnerability indicator is to 

measure the maximum threat or risk that has occurred in any given period—that is, the 

maximum water level that has been reached in a given period. Thus, whenever Vt is 

higher than Vf, the maximum value is chosen as the vulnerability for that given period. 

In the present study, the following model is proposed for the vulnerability ηt, the mean 

vulnerability ηm and the normalised mean vulnerability ηn, which are defined as: 
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 �� = 	∑ �01:;34,<  (2)  

 �� =	∑ �01:;34=> . ,<  (3)  

 

 �(0) = ? 																																					0																																														@ℎAB	=0 ≤ =>
DE�FGHG	�HIFB�	JAI	FEB	�AIFK�L=0 − =>M			@ℎAB	=0 ≥ =>	 (4)  

 

where Vf is the reference level of a flood characteristic parameter at time t; Vt is the 

predicted or monitored value of the flood characteristic parameter; ηt is vulnerability at 

time t; c is the counter of failure states; and NF is the total number of failure states 

during the assessment period. 

In this research, logically, the failure state is defined as all water-level values (Vt) 

exceeding the catchment level (Vf). However, the vulnerability is the maximum failure 

value in a given period. The rationale behind the intrinsic feature of this indicator is to 

identify and isolate the maximum effects that a flood event may incur. 

The isolation purpose of the maximum effect is necessary to identify the significance of 

an impact, as well as the comparison between other opposite indicators (e.g. reliability 

indicator). This indicator plays an important role in the trade-off process of the system’s 

capacity for risk resistance. Consequently, the decision maker is able to gain an insight 

into how significant a risk is deemed to be acceptable, depending on the risk perspective 

of the stakeholder. 

5.2.3 Resiliency of a System 
Resiliency describes how quickly the system is likely to recover once a failure occurs 

(Hashimoto, 1982). In the event of a failure, it is important that a system is able to 

recover quickly and return to a state of stability. In the context of an impact, the longer 

the system is under a failure state, the greater the damage it may experience. 

Further, for a rigid system, it should be resilient to impacts that threaten its operational 

function. That is, when a system is under a failure state, it is essential to return as 
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quickly as possible to the safe state. The resiliency indicator is important for the 

decision maker to accept risk as long as the system is versatile and resilient. 

For a flood control system that represents the floodplain catchments in the study 

domain, resiliency γ can be described as:  

  � =	 1
�,O<,P �,<

 
(5)  

where NMF is the maximum number of consecutive time intervals of a failure state in an 

assessment period; ND is the total number of time-steps in the assessment period; and NF 

is the number of failure state time intervals in an assessment period. 

The application of the resilience equation will indicate the historical behaviour of the 

system. However, by plugging in flood scenarios based on extreme event-simulated 

data, it should signify the expected resilient behaviour for the event. 

5.2.4 Flood Risk Index (FRI) 
The FRI is an overall behaviour indicator that uses a weighted function of reliability, 

resiliency and vulnerability to assess the flood risk potential for a location. This method 

takes into account not only whether a flood is likely in a location, but also how severe it 

may be and how long it may take to recover (Zongxue et al., 1998). 

The FRI is a combined indicator that describes the risk in any given period. In addition, 

the index provides context for the system’s behaviour under impact. The important role 

of this index lays in the ability to trade-off process and balance between the 

performance assessment indicators—for example, if the system experiences a record 

high vulnerability based on a record high water level, but the system is capable of 

withstanding such an impact by having a high resiliency value, the system should still 

be safe. 

In this study of a flood control system that represents the floodplain catchments in the 

study domain, the FRI ν can be described as:  

 

 Q = 	R4. (1 − 	*) +	R�	. (1 − 	�) +	RS	. � (6)  

in which 
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 .RT
S

T34
= 1.0 (7)  

w1 = w2 = w3 = 1/3 

Here, α is a notation for reliability; η is a notation for vulnerability; γ is a notation for 

resiliency; and w1,2,3 are predetermined weights for further diagnostic purposes of 

catchments and sub-catchments. These weights can be used for results-tuning after 

analysing the output of the hydraulic simulation. It is assumed that every predetermined 

weight is one-third of, or equal to, each other. However, further analysis and weight 

modification will be conducted in Section 5.5.3. 

The main purpose of this indicator is to clarify the overall risk effect of the performance 

assessment indicators—that is, to spatio-dynamically depict a risk scenario in a compact 

map package. This provides decision makers with an effective means of analysis to 

understand the context of the risk situation. For example, stakeholders are able to set 

acceptable ranges of risk that depend on many critical factors and elements, including 

the main risk definition for the scenario analysed, the risk perception and the budget and 

time that the decision maker is able to work with. 

The acceptable risk ranges can be set after deducing the performance assessment 

indicators. For instance, Figure 5.1 shows an example on how these ranges can be set. 

 

Figure 5.1 FRI acceptable ranges 

 

5.1 Preliminary Risk Assessment Model 

As mentioned earlier, in phase 2 of this project, the indicators of reliability, 

vulnerability, resiliency and FRI were applied by Alsaqqaf and Zhang (2011). These 
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indicators assess the system’s behaviour regarding a historical flood event for a chosen 

point in the catchment. This point features an existing Telemetry river station (a station 

that records water levels on the river). The Telemetry data are used for model 

calibration and verification purposes. 

In this section, the input of the risk model is the output of the hydraulic model (i.e. the 

simulated water level and flow). The performances indicators are then measured and the 

risk model is illustrated from the corresponding output of phase one. Every performance 

indicator has a representative statistical equation that is described and explained in the 

same study (Alsaqqaf & Zhang, 2011). Therefore, the output of the model that is 

represented by the four indicators has been deduced and illustrated temporally, as 

shown in Figure 5.2. 

 

Figure 5.2 Measured performance indicators: reliability, resiliency, vulnerability 

and FRI 

 

The indicators in this risk model have behaved as expected, which proves a 

homogenous correlation between the two phases in terms of representing the temporal 

fluctuation of the flow and water level in a simulated event. Nevertheless, the indicators 
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show common volatility behaviour. Noticeably, there is an inverse relationship between 

reliability and vulnerability in a high water-level event. In addition, there is a 

proportional relationship between resiliency and reliability. In contrast, the longer the 

vulnerability indicator persisted, the lower the resiliency indicator replicated. 

The intrinsic value of the FRI indicator is present on the combination of the three 

indicators, which offers an insight into the mutual relationship between the indicators. 

Moreover, it quantifies the risk imposed from a certain event and temporally emulates 

the impact that can affect the system’s behaviour. 

 

5.2 Model Implementation and Evaluation 

As this research framework is implementing a simulation model, calibration and 

verification is vital in order to ensure accuracy and validity of the model and 

corresponding outcomes. 

For the purposes of calibration and verification, there are two checkpoints in the 

research framework. The first will compare and contrast existing parameters such as 

topography with simulated parameters to ensure an accurate representation of the 

existing condition, which will lead to the reduction of simulation errors in phase one. 

In addition, phase two requires validation of the risk analysis model by ensuring that the 

input process from phase one is validated. Additionally, the accuracy and validity of 

phase two will be acquired by comparing the performance spatial results from 

MATLAB with the actual catchment maps. That is, the whole framework of this 

research is intellectually connected (sensitive). Any change in the input of the first 

phase will affect the output of the second phase. 

 

5.3 Risk Assessment Model 

As outlined by Mark et al. (2004), risk is the possibility of challenges as well as 

difficulties in relation to completing a task. Risk is embedded in nearly all project 

undertakings; therefore, it may never be completely avoided despite the fact that it is 

usually successfully managed to offset particular effects. 

Flood risk assessment is commonly viewed as a crucial part of flood risk control, as 

global warming could affect engineering infrastructure. Therefore, profound planning 
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and control can assist in reducing the potential risks of floods. It is deemed essential to 

implement approaches to cope with any source of flooding. These approaches support 

reducing the vulnerability of areas that are prone to floods. 

Flood risk assessment can be an evaluation of different hazards in relation to 

engineering infrastructure. It is a requirement of all planning and development, 

especially in lower or coastal areas. 

Flood deterioration attributable to heavy precipitation is among the most significant 

disasters to affect engineering infrastructure. Further, the frequency of its occurrence 

and devastation risk has been increasing with climatic change. Consequently, research 

on risk assessment and the mapping of flood-affected regions can assist in developing 

strategies to mitigate flood damage. 

There is a wide range of approaches and methods for evaluating flood risk. These 

methods provide decision makers with the tools required for developing flood 

protection systems. Thus, flood risk maps can play an important role in the performance 

assessment of flood control systems. They provide vulnerability suggestions under pre-

designated flood scenarios to ensure the integrity and reliability of the existing systems. 

The purpose of this research is to develop a distinctive methodology for flood risk 

assessment. This methodology employs the performance assessment measurement that 

consist of four indices: reliability, resiliency, vulnerability and FRI. Moreover, FRI is a 

combination of the three other measurements, as it describes and characterises risk in 

the measured system or infrastructure. In addition, these indicators are used to evaluate 

risk in a targeted flood event and will ultimately be used in the flood risk mapping 

process. 

 

5.4 Integration of Hydrodynamic and Risk Model 

The estimation of flood inundations and its relevant vulnerabilities are becoming a 

significant pillar in the paradigm of risk management and prevention in concerned 

governments and city councils. In addition, the prediction of flood inundation is a 

complex process because of its interdependency on many variables such as space and 

time. For example, when a river channel depth is attained during an extreme flood 

event, floodwater ceases to become contained exclusively within the primary river 

channel, and it spills onto adjacent floodplains. This movement is simulated with a 1D 
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hydraulic routing process for channel flow, Conversely, the 2D hydraulic simulation 

accounts for the channel overflow and its extent on the floodplain catchment. Therefore, 

the flood prediction process is a complicated procedure in spatial and temporal contexts 

(Yang & Rystedt, 2002). 

Standard hydraulic techniques for simulation are time-consuming, and their visual 

apparatus for floodplain catchments are obsolete (Yang et al., 2001). Even though 

current integration methodologies display enhancements in visualisation in a few of 

those simulation designs, one can find in contrast substantial limitations in spatial 

information process and integration, which are important in flood danger evaluation and 

emergency preparedness. These issues may be partly dominated by the integration of 

hydrodynamic design with spatial risk assessment. Therefore, the outputs from design 

may be utilised by hydrodynamic modelling together with other spatial analysers for the 

evaluation and visualisation of risk (Yang et al., 2000). 

This research proposes the integration of MIKE21 capabilities with a risk assessment 

model for evaluating effects on flood extents. This will enhance and improve the risk 

visualisation process and accuracy, which are represented by ‘flood risk maps’. 

Spatially specific hydrodynamic flood designs can perform an essential function in 

hazard risk reduction. An important component of these designs, which make them 

appropriate for danger reduction, is the capability to supply time-series inundation 

information regarding the onset, length and passing of the hazard event. This kind of 

information may be crucial for land-use preparation, mapping evacuation routes and 

finding appropriate emergency shelters. This study suggests that a barrier to efficient 

risk reduction is supplying disaster decision makers with practical designs for risk 

simulation from extreme flood events. These designs can provide essential outcomes 

and versatile frameworks that permit the implications of various hazard situations to 

become assessed and mapped (Zerger & Wealands, 2004). 

The combination of the simulation and geographical information methods of the 

spatiodynamic applications are efficient in addressing the issue of spatial and temporal 

variability from various parameters concerned in environmental procedures as well as in 

creating risk cartography (Verro et al., 2002). 

The following sections illustrate the suggested integration of the hydrodynamic model 

along with the spatial risk assessment model. There will be a detailed explanation of the 

integration procedure and a breakdown of the distinctive design framework. 
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5.4.1 Integration Approach Framework 
This section will elaborate the integration process and the steps involved to achieve the 

main target of a novel risk-depiction approach. In this section, the flowchart in Figure 

5.3 includes an illustration of the detailed integration approach of this study. Moreover, 

it provides the entire framework and process in detail. It is important to note that there 

are two main paradigms of this framework: the hydrodynamic simulation and the risk 

assessment model. Both paradigms are investigated in Figures 5.4 and 5.5, respectively. 

Two types of data sets have been utilised within this research: spatial and non-spatial 

raw data. Spatial data consist of (DEM), river channels, water features, boundary inlets 

and outlets as well as structural features such as buildings. The non-spatial data include 

influx discharge, bed resistance values, climate data and channel geometric information. 

The DEM data have been initially merged to procedure the surface area elevation for the 

entire research region of the lower Nerang catchment. 

Merging the bathymetry into the DEM data ensure the coherence and unity of the 

simulation mould or digital domain setup in one spatial file. Next, the merged DEM is 

run through a quality and verification check, first by a manual and visual check that 

ensures the symmetry and uniformity of the study domain, and then by removing peaks 

and troughs that are irrelevant to the model and that in turn enhance the accuracy of the 

hydrodynamic modelling. 

The incorporated approach integrates a hydrodynamic model (MIKE21) accompanied 

by a risk assessment model (MATLAB) to evaluate the risk-imposed form of an 

extreme flood event in both spatial and temporal contexts. However, the emphasis of 

this investigation relates to integration in addition to the specialised data processing 

approaches and techniques to obtain flood extent data such as flood flow rates and 

discharges, flooding inundation areas and flood risks. 

Consequently, this information can be directly used for risk management and planning, 

which in turn will enhance the decision-making process and enforce the preparedness 

status of the engineering infrastructure.  
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Figure 5.3 Flowchart of the modelling design 
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The bathymetry (.XYZ) raw data are merged with an ASCII elevation grid (ASC) in the 

GIS, as shown in Figure 5.4. The GIS output of the study domain will be in an ASCII 

file form (.ASC). This file can now be loaded into MIKE21 as the model’s main 

bathymetry set-up, which can be directly visualised and modified within the MIKE21 

software and utilised as 2D spatial file for the hydrodynamic module. By utilising the 

GIS along with the automatic merging and processing feature, substantial time may be 

saved by eliminating the guide information modification of the bathymetry and 

boundary definition, which is described in the DHI user guide. 

 

 

Figure 5.4 Hydraulic simulation framework 

 

MIKE21 solves the vertically built-in equations of continuity and conservation of 

momentum in two horizontal proportions, which would be pre-processed for the next 

phase of the extraction of variables. Three main variables can be deduced from the 

hydrodynamic model in a (DFS2) file form: water depths, discharges and velocities. 

These variables can be extracted for the entire model or just for a chosen point. 
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5.4.2 API Assembly Model 
 

 

Figure 5.5 Risk assessment model framework 

 

The output variables such as water levels, flow velocities and discharge from the 

hydraulic model are then loaded as input for the risk assessment model, as shown in 

Figure 5.5. The risk assessment model consists of two pre-process phases. Firstly, the 

performance assessment algorithms are implemented using Equations (1) to (7). 

However, in order for these indicators to produce the assessment needed, the indicators 

(equations) demand key variables such as water depths or velocities in relation to the 

riverbank height (reference level) in order to perform the assessment, so there is a lack 

of communication between the two programs. Due to the Application Programming 

Interface (API), this research has utilised the programming feature or ‘API assembly 

model’ with the aid of Visual Basics to connect the performance assessment algorithms 
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with the MIKE21 extracted variables—that is, it merges the two main paradigms of the 

main research’s framework and makes them communicate and exchange data using the 

API as the mediator or facilitator. 

In regards to the implementation process, after running the hydraulic simulation using 

MIKE21, the produced results, including the water level and flow velocities, are time-

dependent and 2D-distributed. However, the data are in special DHI format .dfs2 (DHI, 

2008), which can be converted to (ASCII) format using a pre-developed toolbox. Then, 

for every grid in the study domain, distinctive variables can be depicted spatio-

dynamically. The performance assessment’s equations were explained earlier in this 

chapter along with their correspondent equations. 

It is vital to understand that all variables extracted from the hydrodynamic model and 

run through the risk assessment model are represented spatially and temporally—for 

example, every grid point of the model depends on the location variables x and y, as 

well as time t. 

5.4.3 2D Risk Mapping 

The final step of the framework is to generate risk flood maps spatio-dynamically, as 

shown in Figures 5.6 to 5.21. The risk assessment model output is represented in the file 

form (x,y,t). This file is then graphed multiple times to correspond to the total time-

steps simulated. Figures 5.6 and 5.13 are examples of flood risk maps that are reliant on 

the water depth simulation extraction. The maps depict the four performance indicators: 

Reliability (R), Vulnerability (n), Resiliency (Res) and combined FRI. 

In addition, as mentioned above, the extracted results from the hydrodynamic model can 

be multiple variables, such as water depths, discharges and velocities. As risk differs 

according to the variables modelled, this research contrasts both approaches in order to 

identify whether risk can be more significant from either water depths or water 

velocities. Figures 5.14–5.21 show the risks on the impact of water velocity. 
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Figure 5.6 Flood risk map of the reliability indicator based on water level impact 

for day 7 of the 1974 flood event simulation 

 
Figure 5.7 Flood risk map of the resiliency indicator based on water level impact 

for day 7 of the 1974 flood event simulation 
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Figure 5.8 Flood risk map of the vulnerability indicator based on water level 

impact for day 7 of the 1974 flood event simulation 

 

Figure 5.9 Flood risk map of the FRI indicator based on water level impact for day 

7 of the 1974 flood event simulation 
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Figure 5.10 Flood risk map of the reliability indicator based on water level impact 

for day 8 of the 1974 flood event simulation 

 
Figure 5.11 Flood risk map of the resiliency indicator based on water level impact 

for day 8 of the 1974 flood event simulation 
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Figure 5.12 Flood risk map of the vulnerability indicator based on water level 

impact for day 8 of the 1974 flood event simulation 

 

Figure 5.13 Flood risk map of the FRI indicator based on water level impact for 

day 8 of the 1974 flood event simulation 
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Figure 5.14 Flood risk map of the reliability indicator based on velocity impact for 

day 7 of the 1974 flood event simulation 

 

Figure 5.15 Flood risk map of the resiliency indicator based on velocity impact for 

day 7 of the 1974 flood event simulation 
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Figure 5.16 Flood risk map of the vulnerability indicator based on velocity impact 

for day 7 of the 1974 flood event simulation 

 

Figure 5.17 Flood risk map of the FRI indicator based on velocity impact for day 7 

of the 1974 flood event simulation 
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Figure 5.18 Flood risk map of the reliability indicator based on velocity impact for 

day 8 of the 1974 flood event simulation 

 

Figure 5.19 Flood risk map of the resiliency indicator based on velocity impact for 

day 8 of the 1974 flood event simulation 
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Figure 5.20 Flood risk map of the reliability indicator based on velocity impact for 

day 8 of the 1974 flood event simulation 

 

Figure 5.21 Flood risk map of the FRI indicator based on velocity impact for day 8 

of the 1974 flood event simulation 
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For the purpose of verifying the risk mapping results, the designated flood areas 

identified by the GCCC based on hydraulic simulations are presented in the below 

figures. For the sake of comparison, Figure 5.22 is a depiction of the ideal status of the 

Nerang catchment with no flooding. In contrast, Figure 5.23 shows the designated flood 

areas in the Gold Coast. 

 

Figure 5.22 Nerang catchment ideal status (GCCC, 2006) 
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Figure 5.23 Designated flood areas for the Nerang catchment (GCCC, 2006) 

 

By comparing the worst conditions, the risk assessment model of this research agrees 

with the designated flood map in Figure 5.23. In general, for risk and hazard mapping 

verification procedures, there are sophisticated apparatus for identifying the 

compatibility of the depicted results. One of these procedures is Image Detection 

Algorithms (IDA), which can accurately compare and contrast hazard maps that are 

either measured or simulated. In addition, it provides a spatial calibration tool for 

correlation purposes. 

5.4.4 Climate Change Scenario Risk Mapping 

The following flood risk maps are based on the projections discussed in Section 4.9. 

The projection is stated as an increase of 70 per cent for the two-hour rainfall intensity 

event. Nevertheless, sea levels are expected to rise by 58 cm and 81 cm in 2030 and 

2070, respectively. 

Consequently, the suggested projections are applied in the hydrodynamic simulation, 

and water levels and velocities are extracted as input for the risk assessment model. 

Therefore, the following flood risk maps are generated in Figures 5.24–5.39. 
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Figure 5.24  Flood risk map of the reliability indicator based on water level impact 

for day 7 of the 2070 climate change projected simulation 

 

Figure 5.25  Flood risk map of the resiliency indicator based on water level impact 

for day 7 of the 2070 climate change projected simulation 
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Figure 5.26  Flood risk map of the vulnerability indicator based on water level 

impact for day 7 of the 2070 climate change projected simulation 

 

Figure 5.27  Flood risk map of the FRI indicator based on water level impact for 

day 7 of the 2070 climate change projected simulation 

x (Grid spacing 30m)

y
 (

G
ri
d
 s

p
a
c
in

g
 3

0
m

)

Vulnerability for Day 7

 

 

20 40 60 80

20

40

60

80

100

120

140

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

x (Grid spacing 30m)

y
 (

G
ri
d
 s

p
a
c
in

g
 3

0
m

)

FRI for Day 7

 

 

20 40 60 80

20

40

60

80

100

120

140

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8



122 

 

Figure 5.28  Flood risk map of the reliability indicator based on water level impact 

for day 8 of the 2070 climate change projected simulation 

 

Figure 5.29  Flood risk map of the resiliency indicator based on water level impact 

for day 8 of the 2070 climate change projected simulation 
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Figure 5.30  Flood risk map of the vulnerability indicator based on water level 

impact for day 8 of the 2070 climate change projected simulation 

 

Figure 5.31  Flood risk map of the FRI indicator based on water level impact for 

day 8 of the 2070 climate change projected simulation 
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Figure 5.32  Flood risk map of the Reliability indicator based on velocity impact 

for day 5 of the 2070 climate change projected simulation 

 

Figure 5.33  Flood risk map of the resiliency indicator based on velocity impact for 

day 5 of the 2070 climate change projected simulation 
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Figure 5.34  Flood risk map of the vulnerability indicator based on velocity impact 

for day 5 of the 2070 climate change projected simulation 

 

Figure 5.35  Flood risk map of the FRI indicator based on velocity impact for day 5 

of the 2070 climate change projected simulation 
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Figure 5.36  Flood risk map of the reliability indicator based on velocity impact for 

day 8 of the 2070 climate change projected simulation 

 

Figure 5.37  Flood risk map of the resiliency indicator based on velocity impact for 

day 8 of the 2070 climate change projected simulation 
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Figure 5.38  Flood risk map of the vulnerability indicator based on velocity impact 

for day 8 of the 2070 climate change projected simulation 

 

Figure 5.39  Flood risk map of the FRI indicator based on velocity impact for day 8 

of the 2070 climate change projected simulation 
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5.5 Flood Risk Map Analysis 

In this research, the main purpose of the flood risk maps is to visually evaluate the risk 

effects on the floodplain catchment of the lower Nerang River. Distinctively, the 

methodology of this research allows for the risk to be depicted spatio-dynamically. The 

methodology integrates the 2D hydrodynamic simulation and risk assessment model to 

produce the final product of flood risk mapping. 

The two main independent variables that contribute to the generation of the flood risk 

maps are water level and velocity, as shown in Figures 5.6–5.21 , and Figures 5.24–

5.39. The sections below will provide in-depth analysis related to these variables and 

behaviours. 

5.5.1 Water Level Analysis 
In regards to the interpretation of the risk assessment indicators, there are four different 

flood risk maps: Reliability (R), Vulnerability (n), Resiliency (Res) and FRI maps 

(FRIM)s. These indicators are depicted in a spatio-dynamic manner, as shown in 

Figures 5.6–5.13. The risk assessment model generates separate maps for each indicator 

and then combines them all in FRMs in this research. Here, the FRMs are based on the 

1974 flood scenario that has been discussed in Chapter 4. 

In relation to the reliability indicator map, it is evident in Figure 5.6 (which is the ideal 

situation, just before flooding), that the entire study domain is resilient and reliable, as 

the red colour indicates high reliability and resiliency values. 

In contrast, the main river channel is depicted in a dark blue colour, which means 

extremely high vulnerability and FRI values in Figures 5.8 and 5.9 respectively. This is 

due to the high water level in the river channel, and any excess water levels that 

supersede the catchment level will in turn expand the water extent to cover a wider area 

than the river channel. Consequently, high vulnerability and FRI (dark blue) depicted in 

these figures means there is a high risk along the river channel. This reinforces the 

feasibility of the results that the flood risk maps may generate under a flood event. 

In addition, as illustrated in Figure 5.10, which is the eighth day of the simulation 

period in the 1974 scenario, an increase in the water level is visible in the lower left 

corner of the map (Carrara region). In the eighth-day reliability map, the colour code 

has changed to light blue. The catchment area starts to become less reliable and 

resilient, or approximately 30 per cent reliable and 10 per cent resilient. In contrast, the 
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eighth day of the vulnerability map shows a 70 per cent increase in vulnerability and up 

80 per cent in the FRI map. 

The results deduced from the flood risk maps are shown in Figures 5.6–5.21 , and 

Figures 5.24–5.39. There is a significant correlation between both higher water levels 

and the vulnerability and FRI values on the FRMs. This correlation is a proportional 

relationship between water levels and FRI values. However, the same correlation is an 

inverse relationship between water levels and reliability and resiliency values.  

5.5.2 Velocity Analysis 
Another critical variable that may affect the integrity of the catchment and infrastructure 

in the flood event is the velocity factor. The high velocity of large amounts of water 

contributes substantially to the deterioration of the infrastructure. Moreover, high 

velocity plays an important role in the erosion effect, which may negatively affect the 

riverbed and riverbanks. 

Figure 5.14 shows the ideal situation on the seventh day of the simulation period in 

1974—just before the flooding—in which the entire catchment is resilient and reliable 

in terms of velocity impact, as the red colour indicates high reliability and resiliency 

valued. In contrast, the lower Nerang River is depicted in dark blue, which means high 

vulnerability and FRI values along the river channel. This is due to the relatively higher 

velocity values in the river channel than the catchment. In addition, this ideal scenario 

reassures the credibility of the results that the flood risk maps may illustrate in a 

flooding event. 

However, as shown in Figures 5.18–5.21, the four risk assessment model indicators are 

based on the velocity impact on the study domain on the eighth day of the simulation 

period in 1974. Notably, in Figure 5.20, in the extreme lower left of the study domain 

(Carrara region), there is an increase of velocity activity, which in turn has been 

interpreted as an increase in vulnerability of about 65 per cent and up to 80 per cent in 

FRI (Figure 5.21). In addition, there is a decrease in the reliability value of 35 per cent 

(Figure 5.18)  and a decrease in resiliency of 10 per cent (Figure 5.19). 

In regards to the velocity correlation with the assessment indicators, the correlation 

behaviour is the same as the water level impact on the various indicators. The reference 

velocity value is the mean water velocity for the Nerang River, which is about 0.3 m/s. 

This correlation indicates a proportional relationship between the velocity values and 
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the FRI depiction in the FRMs and an inverse relationship between the reliability and 

resiliency values. 

For the sake of comparison, Figure 5.41 and 5.42 illustrates an examination point on 

(32,21), that is on actual latitude, longitude (28̊ 01 ̍42.72  ̎S, 153 ̊23 ̍36.08 ̎ E), as shown 

in Figure 5.40, that has been selected specifically to be extracted from the FRI map. The 

data extracted is the FRI values for the applied simulation period of 37 days. These 

values reflect the FRI that is based on water level (h) impact for Figure 5.41, and 

velocity impact on Figure 5.42. 

 

Figure 5.40 Examination point location (32,21) = (28̊ 01 ̍42.72  ̎S, 153 ̊23 ̍36.08  ̎E). 

 

Figure 5.41 Extracted FRI values that are based on water level (h) for the 

examination point of (32-21) = (28̊ 01 ̍42.72 ̎ S, 153̊ 23 ̍36.08  ̎E). 
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Figure 5.42 Extracted FRI values that are based on velocity (u) impact for the 

examination point of (32,21) = (28 ̊ 01 ̍ 42.72  ̎S, 153 ̊ 23 ̍36.08  ̎E). 

 

5.5.3 FRI Weight Analysis 
The FRI combines three performance assessment indicators. Equation 3 in Section 5.2.4 

illustrates the combination of these indicators. It is assumed that each indicator carries 

the same weighting factor for all indicators (one-third) in representing the FRI. 

However, this section will determine the sensitivity of each indicator and the 

significance of their effects on the FRMs.  

Moreover, modifying the weighting factor of each indicator will provide the opportunity 

to demonstrate different scenarios according to the level of risk definition and 

perception of the decision maker. When assigning a higher weighting factor to the 

reliability indicator in the FRI as a critical variable, it leads to the identification of the 

most reliable and safe locations in the study domain depending on the other two 

indicators (resiliency and vulnerability). In contrast, in assigning a higher weighting 

factor to the resiliency indicator, it reveals the most versatile and flexible locations 

(quick recovery locations) under the effects of an extreme flooding event. 

The FRI weighting factors play an important role in implementing the decision maker’s 

role of action. For instance, an FRI that is comprehensively dependent on a high 

reliability weighting can assist in identifying the optimum safe locations for critical 

engineering infrastructure. Nonetheless, high-resiliency FRIs provide city planners and 

designers with the most resilient emergency routes and roads for transportation and 

logistics in extreme flooding or crisis events. 

The modification of the weighting factors on the FRI equation involve changing the 

fraction of each indicator. However, the fraction should be contained on a mass balance 

of one. As mentioned earlier, the weighting factors are assumed to be the same for the 
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three indicators (one-third). In Figure 5.43, a modification of the weighting factor 

attempts to assign higher weighting factors to the reliability indicator (three-quarters) 

and lower weightings to the resiliency and vulnerability factors (one-eighth). 

Figure 5.44 demonstrates a modification of the weighting factor for the FRI. It has been 

assigned a higher weighting factor for the resiliency indicator (three-quarters) and lower 

weightings for the reliability and vulnerability factors (one-eighth). 

 

 

 

Figure 5.43 Flood risk map of the modified FRI indicator based on water level 

impact for day 8 of the 2070 climate change projected simulation. The 

modificaiton is based on 3/4 reliability and 1/8 for both resiliancy and 

vulnerability. 
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Figure 5.44 Flood risk map of the modified FRI indicator based on water level 

impact for day 8 of the 2070 climate change projected simulation. The 

modification is based on 3/4 resiliency and 1/8 for both reliability and 

vulnerability. 

 

 

5.6 Results Verification 

One of the disadvantages of technology-based tools, such as simulation using software, 

is ‘rubbish in, rubbish out’. Moreover, random or systematic errors (bias) may apply as 

a limitation, as well as the nature of numerical applications and human error. However, 

there are some suggestions that this has been taken into consideration to minimise such 

disadvantages, which are represented by bias and error. The simulation model should 

have a sense of validity, reliability and accuracy. However, in order to reduce 

errors/bias, the next paragraph will illustrate more about the methods and techniques 

used to limit errors/bias. 

Two verification and calibration checkpoints are enforced in the research model of this 

study. The first calibrates the hydraulic simulation model in which the software has a 

built-in calibration tool. Moreover, measured and simulated data are compared and 

contrasted in order to reach the most optimal correlation results. In addition, manual 
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observations and evaluations are conducted to ensure the accuracy of the results 

deduced and the as-built, or existing, prototype. 

The second verification and calibration checkpoint is mounted on the output of phase 

two, which is the risk assessment model represented by the performance assessment. 

This ensures that the basic theory concepts are evident between variables, such as 

proportional and inverse relationships between variables, as suggested by Hashimoto 

(1982). In addition, validity is inspected through consistency between phase one and 

phase two, in which outcomes should be perceptible and homogeneous. 

Furthermore, to the suggestions mentioned above, tailored fortifications control and 

reduce errors/bias in this research; multiple simulation runs were taken to average the 

error/bias.  

 

5.6.1 Risk Mapping Verification 
The simulation of the physical property of water in this research involves many 

variables and elements, such as flow and tide data, which have a high degree of 

sensitivity for the results of the simulation. As a result, some of the results may not 

match the actual readings. However, there is no doubt that a profound and reliable 

calibration and verification procedure should at least ensure a feasible outcome. It 

should ensure to some extent the compatibility between the actual and calculated 

measurements. 

After an extensive investigation and comparison of previous hydraulic simulations, 

along with the apprehension of verification steps mentioned in the previous section; 

and, by combining both the effects of a sea-level rise of 1 m, as well as applying the 

worst-case scenario in the study domain in 1974, one can deduce that the effect could be 

magnified or even doubled. 

This thesis concludes that there is huge misconception of the status quo of flood-prone 

areas. The GCCC planning scheme is largely conservative. In addition, and the 

viabililty of the local hydrodynamic findings is yet to be justified. In fact, there is a 

tremendous risk looming on the horizon regarding the reliability of the lower Nerang 

catchment during an extreme flood event and a simultaneous storm surge event. 
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Consequently, in the future, it is essential that both scenarios are implemented using the 

methodology of this research to accurately estimate the extreme effects that may occur 

in the future. 
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CHAPTER 6 CONCLUSIONS AND FUTURE WORK 

 

The main object of this research is to integrate a 2D hydraulic simulation with risk 

modelling in order to assess the performance of the system. This assessment can 

provide decision makers, engineers and planners with implications of the significance of 

the driving factors that contribute to risk, such as storm surges and flash floods caused 

by extreme rainfall. In addition, the approach suggests optimum safe zones for urban 

reclamation and examines the adaptive capacity of the existing infrastructure in the case 

of an extreme event. Moreover, it provides inferences on either upgrading, modifying or 

disregarding the catchment extents depending on the system’s coping measures. 

The focus of this study is to contribute to the development of a distinctive approach, 

which constitutes a simulation model that can predict and evaluate flood conditions and 

behaviour in the target area. It has merged management skills such as performance 

assessments with technical skills such as hydraulic modelling to achieve the main aim 

of this study. 

Further, this research presents the development of a consistent novel methodology in 

integrating hydraulic and risk assessment modelling for the aim of assessing the 

performance of a floodplain catchment in the lower Nerang catchment in a spatio-

dynamic matter. Figure 6.1 shows the main paradigm of this research and the 

interlinked pillars of the study. 

As explained, there are three main phases of this study. First, the hydrodynamic 

modelling is characterised by the 2D simulation. Second, the performance assessment 

(engineering sustainability) model includes three indicators: reliability, vulnerability 

and resiliency. Third, the risk assessment model and its related indicator, FRI, which 

includes a spatiodynamic illustration of flood risk and interruption to the flood risk 

mapping. 
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Figure 6.1 Main research phases 

 

The performance assessment of such infrastructure provides a detailed depiction of the 

status of the engineering system. Moreover, this thesis aims to fill the gap of conveying 

an accurate visual estimation of the status of an infrastructure to the decision maker. 

Decision-makers and stakeholders can then better understand the risk context of the 

system precisely and make reliable decisions regarding adaptation strategies for the 

sustainability of engineering infrastructure. 

Spatially specific hydrodynamic flood designs can perform an essential function in 

hazard risk reduction. An important component of these designs, which makes them 

appropriate for danger reduction, is their capability to supply time-series inundation 

information regarding the onset, length and passing of the hazard event. This type of 

information may be crucial for land-use preparation, mapping evacuation routes and 

finding appropriate emergency shelters. 

 

6.1 Research Contribution and Outcomes 

The integration of the hydrodynamic modelling and flood risk assessment plays an 

important role in enhancing functionality and operation under extreme weather effects. 

It portrays the importance of interpreting research into user applications. However, 

generating useable scientific knowledge or information often requires explicitly joining 
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the two models, which means combining decision-making requirements into the 

research and development process. 

The objective of this research revolves around four main pillars, which were 

successfully implemented: 

1. setting up a hydraulic model to deduce hydraulic parameters under an 

extreme event influence 

2. establishing an improved risk assessment model that is compatible with 

the hydraulic output results 

3. integrating the hydraulic model with a risk assessment model in a 

distinctive approach 

4. assessing the effects of extreme weather conditions on the floodplain 

catchment of the lower Nerang River spatio-dynamically, which is 

represented by ‘flood risk mapping’. 

 

In this research, there are two important conclusions regarding the effectiveness of types 

of measures, which are explained below. 

Firstly, upstream water retention measures along channels or through land-use changes 

in the basin can reduce the frequency of extreme floods in small basins or assist in 

reducing medium-sized floods in large basins. As mentioned, to prevent floods through 

precautions within the upstream basin, it is generally considered best to eliminate the 

problem at its source, so flood risk managers often investigate the upstream region to 

determine possible flood preventive measures. It is obvious that land-use modifications 

such as deforestation, urbanisation and drainage for agriculture may have significant 

consequences regarding peak flows. 

Secondly, one of the most cost-effective flood risk management strategies is damage 

prevention by spatial planning along with regulations and policies with respect to risk 

mapping. Currently, the contribution of city councils and planning departments to flood 

damage prevention by traditional spatial planning is insufficient due to the high cost of 

upgrading or modifying the existing infrastructure upon uncertain research 

recommendations. In addition, city councils and organisations responsible for spatial 
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planning are vital for successful damage prevention; however, this measure usually 

receives a low priority. 

As suggested by Morss et al. (2005) and Morris and Flavin (1996), strategies to ensure 

that fewer developments will be established in flood-prone areas is by the delineation of 

hazard zones that are based on flood risk mapping information. For each hazard area, a 

specialised regulation concerning land-use limitations and technical adaptations may 

then be outlined. Risk depiction on maps provides proven and effective tools for 

communicating spatial planning decisions to all stakeholders involved, which in turn 

can enhance public awareness (Bohm et al., 2002). For a reasonable classification of 

hazard zones through the integration of hydrodynamic and risk assessment modelling, it 

is essential to be aware of the flooding regime. Flood probability, depth and velocity are 

especially important, but duration and timing may also have affect damages. Although 

risk maps of flooding depth can be produced using DEMs and water level records, they 

will generally not be accurate unless based upon 2D modelling of actual flood patterns 

and risk assessment evaluations (Hesselink, 2002; De Bruijn, 2002). 

During the last century, flood mapping became an essential step for developing flood 

risk management strategies. Flood maps can serve several purposes:  

1. raising awareness among at-risk people and decision makers 

2. providing information for land-use planning and urban development, investment 

planning and priority setting 

3. helping to assess the feasibility of structural and non-structural flood control 

measures 

4. serving as a base for deriving flood insurance premiums 

5. allowing disaster managers to prepare for emergency situations.  

Moreover, flood risk mapping could be a valuable interlinked instrument for the 

insurance sector. It can be used as a classification tool for property evaluation and 

insurance. The evaluation process can estimate insurance rates based on classification 

into rough zones. These include zone A for property located within the 100-year flooded 

area, and zones B and C for property with a smaller degree of flood hazard (Burby, 

2001). It not only introduces a nation-wide standard for defining flood hazard, but it 

also relates these zones to land-use regulations.  
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Therefore, flood maps should not only illustrate the hazard such as inundation areas, 

water depths and possible consequences (e.g. interrupted traffic lines). Risk mapping 

can identify evacuation routes, disaster management centres, hospitals and fire brigades. 

Generally, flood maps provide a direct and stronger impression of the spatial 

distribution of the flood risk than other forms of presentation, such as verbal 

descriptions and diagrams. Appropriate maps allow one to clearly communicate with 

stakeholders. The incorrect use of cartographic techniques can lead to incorrect 

interpretations and misunderstandings (Bartels & van Beurden, 1998). 

 

6.2 Recommendations and Future Work 

Risk maps should inform people about the possible consequences of floods. Ideally, this 

should include all types of consequences for populations and society, as well as for the 

built environment and the natural environment. In most cases, flood maps are limited to 

hazard aspects.  

According to Merz et al. (2007), vulnerability aspects are only considered in relation to 

land-use information—for example, cadastral data is overlaid with hazard information. 

More specific vulnerability and risk information—for example, information about the 

susceptibility of different elements at risk or the distribution of potential sources of 

contamination (e.g. enterprises processing substances hazardous to water)—are the 

exception. This is related to the low state of knowledge in flood vulnerability analysis.  

The estimation of flood consequences is still in its infancy. Existing approaches focus 

on direct economic damages, while other damage types (e.g. adverse consequences on 

population or indirect economic losses) are largely neglected. There is a strong need for 

more comprehensive studies on flood vulnerability. 

In terms of flood risk management, as discussed by Hoojier et al. (2004), there are six 

types of preventive measures that can be applied to floodplain catchments based on their 

timing relative to a flood event. 

1. upstream basin and land use management in order to avoid flood generation 

2. preventive flood control measures: protection works; storage along channels and 

detention basins along rivers 
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3. preventive flood damage reduction measures: adaptive land use, housing; 

awareness rising 

4. preparatory measures: flood forecasting, warning and emergency plans 

5. measures during floods: crisis management, evacuation 

6. post-flooding measures: aftercare, financial compensation, insurance. 

6.2.1 Integrated Hydrodynamic Assessment 

Flood in nature is water in motion. Therefore, to apprehend the physics of motion, 

dynamic studies should be applied. However, flood maps are often perceived as static. 

The scenarios or situations shown on maps are conditional on certain events or 

assumptions. For example, seasonal effects may lead to significant differences between 

the flood risk in summer and winter. Another example is small-scale temporal changes 

in vulnerability. The damage risk of a river flood with camping sites in floodplains may 

vary dramatically between the camping season and the rest of the year. For disaster 

managers, it would be valuable to have flood maps that include this dynamic behaviour. 

For them, a flood map showing a typical or average situation may not be very helpful.  

6.2.2 Stakeholders collaboration 

Recently, there has been a shift of paradigms of risk-based decision making. Recent 

paradigms call for a participatory process in which there is early involvement of 

different stakeholders in the assessment procedure (Amendola, 2001). Conversely, the 

knowledge of the research community must be communicated to users and the uptake of 

end-users has to be facilitated. In contrast, the expertise, perspectives and values of the 

stakeholders need to be taken into account. Following this change, the potential users of 

flood maps (e.g. land-use planners, emergency managers, the public, infrastructure 

owners) should be involved in the process of flood mapping. 

6.2.3 Interlinked real-time forecast  
As research has progressed on the science and technology of forecasting and warning 

systems, so has the recognition that the elements of these systems are intricately related 

and build on one another (Doswell et al., 1996). Real-time observations, combined with 

hydrodynamics and meteorological models, allow for increasingly accurate and timely 

forecasts and warnings.  

Meteorological features such as precipitation intensity, distribution and amounts, as 

well as hydrologic responses to these variables, are being incorporated into models 

aimed at improving the relationship between runoff and rainfall, in which forecasts and 
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warnings are based. It is essential that these factors are critically analysed and 

observed—particularly the relationships between them in small floodplains—because 

they reflect a great improvement in the forecast and warning process. However, this is 

complicated by characteristics of the meteorological and hydrological systems 

generating flash flood conditions. 
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APPENDIX A: MATLAB CODES 

7.1 Performance Assessment 

 

clear;clc;close all; 
NET.addAssembly('DHI.Generic.MikeZero.DFS'); 
import DHI.Generic.MikeZero.DFS.*; 

  
dfs2 = DfsFileFactory.Dfs2FileOpen('data/Carrara 1974a.dfs2'); 

  
% Read coordinates from file. Note that values are element center 

values 
% and therefor 0.5*Dx/y is added to all coordinates 
saxis = dfs2.SpatialAxis; 
x = saxis.X0 + saxis.Dx*(0.5+(0:(saxis.XCount-1)))'; 
y = saxis.Y0 + saxis.Dy*(0.5+(0:(saxis.YCount-1)))'; 

  
itemname = char(dfs2.ItemInfo.Item(0).Name); 
itemunit = char(dfs2.ItemInfo.Item(0).Quantity.UnitAbbreviation); 
nsteps   = dfs2.FileInfo.TimeAxis.NumberOfTimeSteps; 

  
clf, shg 
for i=0:nsteps-1 

     
    % Read data for timestep 
    h = double(dfs2.ReadItemTimeStep(1,i).To2DArray()); 
    %p = double(dfs2.ReadItemTimeStep(2,i).To2DArray()); 
    %q = double(dfs2.ReadItemTimeStep(3,i).To2DArray()); 

     
    % Remove delete values from plot (specific for this file!) 
    I = find(abs(h)<1e-10); 
    h(I) = NaN; 
    p(I) = NaN; 
    [row,col]=size(h); 
    for j=1:row 
        for k=1:col 
            wlev(i+1,j,k)=h(j,k); 
        end 
    end 
end 

  
dfs2.Close(); 

  

  
xref=0.5;               % Threshold (catchment level) in meters 
for jj=1:row 
    for kk=1:col 
        %------------------------ Reliability (R); 
        for i=1:nsteps    % Loop to check Xi>Xref for every hour in a 

day (24hr) period 
            if mod(i-1,24)==0 
                k=floor(i/24)+1;   % day number 
                R(k,jj,kk)=0; 
            end 
            %r=1;      % hour of the day r=mod(i,24)+1 
            if wlev(i,jj,kk)>xref 
                Zt(i,jj,kk)=0; 
            else 
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                Zt(i,jj,kk)=1; 
                %xval(i) = 0; 
                %         %xval(r,k) = waterdepth(i); 
            end 
            R(k,jj,kk)=R(k,jj,kk)+Zt(i,jj,kk); 
        end 
    end 
end 
R=R/24; 
% subplot(3,1,1) 
%plot(R(:,1,1)) 
%% 
%-----------------------Resiliency Equation (V)---- 
% Problem description: 
% failure status. If Nr==0, Res=1; elseif Nr~=0; Res=Nr/Nf. 
%---------------------------------------------------------------------

---- 
% Variable declaration: 
%Totalcount=Nf:     total number of failures in 24 hours for each 

location 
%Res:               Resiliency for each location 
%Nr:                total number of times that the system enters a 

failure state, 3D matrix, for each day, each location 
%---------------------------------------------------------------------

---- 
nsteps=double(nsteps);          %change the data type from int to 

double 
holder=nsteps/24; 
daycount=ceil((holder)); 
% Variable initialisation 

  
Totalcount=zeros(daycount,row,col);     %initialization of the total 

number of failures in 24 hours for each location 
Res=ones(daycount,row,col);            %This is the initialization of 

Resiliency for each location 
Nr=zeros(daycount,row,col);              %Initialisation of Nr for 

each location each day () 
%---------------------------------------------------------------------

----- 

  
% Storage=zeros(daycount,row,col);  % This will store the maximum 

flood occurance for each day for each location 

  
for jj=1:row 
    for kk=1:col 
        % loop for each location in the map 
        count=0; 
        tcount=0; 
        j=1;        %initialisation of day number 
        for k=1:nsteps 
            %-----For every day, reset count = 0. 
            if j<ceil(k/24) 
                count=0;            %count the occurrence of 

consecutive flood for each day, it starts from one for each 

consecutive occurrence 
                tcount=0;           %count the occurrence of floods 

for each day, continue... 
            end 
            %-------------------- 
            j=ceil(k/24);   % find out what the day is 
            %------------------------- 
            % This part find the number of consecutive occurrence 
            if wlev(k,jj,kk)>xref && count==0 
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                count=1; 
                Nr(j,jj,kk)=Nr(j,jj,kk)+1; 
                tcount=tcount+1; 
            elseif wlev(k,jj,kk)>xref && count>0 
                count=count+1; 
                tcount=tcount+1; 
            else 
                count=0; 
            end 
            Totalcount(j, jj, kk)=tcount; 
        end 
    end 
end 

  
%Resiliency calculation for each position for each day 
for jj=1:row 
    for kk=1:col 
        for j=1:daycount 
            if Nr(j,jj,kk)~=0 
                Res(j,jj,kk)=Nr(j,jj,kk)./Totalcount(j, jj, kk); 
            end 
        end 
    end 
end 
%% vulnearibility 
% for jj=1:row 
%     for kk=1:col 
%         nn=0; 
%         for i=1:nsteps    % Loop to check Xi>Xref for every hour in 

a day (24hr) period 
%             if mod(i-1,24)==0 
%                 k=floor(i/24)+1;   % day number 
%                 n(k,jj,kk)=0; 
%             end 
%             n(k,jj,kk)=n(k,jj,kk)+abs(wlev(i,jj,kk)-

Totalcount(k,jj,kk)); 
%         end 
%     end 
% end 
n=Totalcount./24; 
%% This is to calculate the FRI =(1-R:reliability)+(1-

Res(Resiliency)+(n:vulnerbility) 
FRI=zeros(daycount,row,col); 

  
for jj=1:row 
    for kk=1:col 
        for j=1:daycount 
            FRI(j,jj,kk)=(1-R(j,jj,kk))/3+(1-

Res(j,jj,kk))/3+(n(j,jj,kk))/3; 
        end 
    end 
end 
FRI=permute(FRI, [1,3,2]); 
R=permute(R, [1,3,2]); 
n=permute(n, [1,3,2]); 
Res=permute(Res, [1,3,2]); 
%% -------------------results plotting------------------------------- 
for j=1:8 
     figure(j) 
     figure 
     contourf(reshape(FRI(j,:,:), size(FRI(j,:,:),2), size(FRI(j,:,:), 

3)), 10) 
     colorbar; 
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     title(['FRI for Day ',num2str(j)]); 
     xlabel('x (Grid spacing 30m)') 
     ylabel('y (Grid spacing 30m)') 
     axis equal 
     xlim([1 99]); 
     ylim([1 144]); 

  
    figure 
     contourf(reshape(R(j,:,:), size(FRI(j,:,:),2), size(FRI(j,:,:), 

3)), 10) 
     colorbar; 
     title(['Reliability for Day ',num2str(j)]); 
     xlabel('x (Grid spacing 30m)') 
     ylabel('y (Grid spacing 30m)') 
     axis equal 
     xlim([1 99]); 
     ylim([1 144]); 

  
     figure 
     contourf(reshape(n(j,:,:), size(FRI(j,:,:),2), size(FRI(j,:,:), 

3)), 10) 
     colorbar; 
     title(['Vulnerability for Day ',num2str(j)]); 
     xlabel('x (Grid spacing 30m)') 
     ylabel('y (Grid spacing 30m)') 
     axis equal 
     xlim([1 99]); 
     ylim([1 144]); 

  
     figure 
     contourf(reshape(Res(j,:,:), size(FRI(j,:,:),2), size(FRI(j,:,:), 

3)), 10) 
     colorbar; 
     title(['Resiliency for Day ',num2str(j)]); 
     xlabel('x (Grid spacing 30m)') 
     ylabel('y (Grid spacing 30m)') 
     axis equal 
     xlim([1 99]); 
     ylim([1 144]); 

  
end 

   
% % hold on 
% for k = 1:size(xval,2) %loop for all years 
%     nf(k)=0; 
%      maxxval(k)=max(xval(:,k)-xref); 
%      for j=1:24 
%        if xval(j,k)>=xref        %at least 1 day over xref 
%            betay(j,k) = maxxval(k);  %find diff btw max and xref all 

days 
%            nf(k)=nf(k)+1; 
%        else 
%            betay(j,k) = 0; 
%        end 
%      end 
%      if nf(k)==0 
%          betam(k)=0; 
%          betan(k)=0; 
%      else 
%     betam(k)=sum(betay(:,k))/nf(k); 
%     betan(k)=sum(betay(:,k))/nf(k)/xref; 
%      end 
% end 
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%plot(betam) 
%plot(betan) 
% subplot(3,1,2) 
% plot(xvalmax) 

  
% % ----------------------Resiliency Equation (Re) 
% 
% load waterdepth.txt 
% xref=0.5;     % Threshold (catchment level) in meters 
% 
% % M=          % Maximum number of consecutive time intervals of 

"Xi>Xref" in a day 
% 
% count = 0; 
% for i=2:length(waterdepth)-1 
%     k=floor(i/24)+1; 
%     r=i-(k-1)*24+1; 
%     if xval(i-1)==0 && xval(i)~=0   %change btw below xref and above 
%         count = count+1;    %consecutive interval range stored in 

row 'num' 
%         interv(count,1) = i;  %consecutive interval start 
%         stat = 1; 
%     end 
%     if xval(i-1)~=0 && xval(i)==0 && stat==1 
%         interv(count,2) = i-1;  %consecutive interval end 
%         stat = 0; 
%     end 
% end 
% 
% interv(:,3)=(interv(:,2)-interv(:,1))+1;    %consecutive interval 

difference (size of interval) 
% M = interv(:,3); 
% N=(interv(:,2)-interv(:,1)); 
% Re=(1/((M/24)*N)); 
% subplot(3,1,3) 
% plot(Re) 

  
%save('waterdepth.txt','h','-ascii','-append') 

  
%   % Calculate current speed 
%   %s = sqrt((p./h).^2+(q./h).^2); 
% 
%   % Plot water depth, color surface with current speed. Transpose to 
%   % match Matlabs plotting routines 
%    mesh(x,y,h',s'); 
% 
% %   % Make plot look nice 
%    shading interp 
% %   colorbar 
%    zlim([19.8,20.2]); 
%    xlabel('x'); 
%    ylabel('y'); 
%    title(sprintf('%s (%s)\nColored using current speed - step 

%i',itemname,itemunit,i)); 
%    drawnow; 
%    pause(0.01) 

 

  

 

 

 



161 

7.2 DEM & Bathymetry Integration 

 

clear;clc; 
a=xlsread('topo'); 
b=xlsread('bathy'); 
[row,col]=size(a); 
c=ones(row,col) 
for i=1:row 
    for j=1:col 
        if b(i,j)==10 
            c(i,j)=a(i,j); 
        else 
            c(i,j)=b(i,j); 
        end 
    end 
end 
save('Bathy_Carara.txt','c','-ascii') 
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