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Thesis: Floodplain management Abstract 

 

ABSTRACT 
 

This thesis is directed to preparing for and managing floods that overwhelm floodplain 

management measures already in place in South East Queensland’s extensively 

developed residential floodplains. Such floods would generally have a magnitude 

greater than the 100 year annual recurrence interval.  The thesis examines the context 

and preventative measures that lead to the development of counter disaster plans, and 

thence to examining the factors that affect decision makers prior to, and at the onset of 

a flood emergency. 

The standard flood mitigation tools are prevention through behaviour modification, land 

use planning, physical mitigation measures (aimed at modifying floodwater behaviour), 

and emergency planning.  These measures can overlap, and the thesis finds that to be 

fully effective, the measures must be developed through interaction with the 

community, and be accompanied by community education and awareness programs.  

A great deal of work undertaken in the last 10 to 15 years has defined parameters for 

the sustainable use of flood prone land and emergency planning.  Numerical modelling 

of hydrologic and hydraulic processes has improved significantly, and physical 

mitigation measures are well known.  Additionally, thought has been devoted to the 

adverse consequences of flooding.   

In the writer’s opinion and experience, this thesis demonstrates to the general and 

political communities that a case exists for more stringent prevention measures.  This 

is particularly important in the context of the adverse impacts of climate change with 

increasing sea levels and potentially, increases in the severity of extreme storm events.  

Many areas above the local government planning flood level will be inundated when 

they experience a flood greater than the current planning thresholds.  Flood-planning 

levels are often based on historic flood experience and records less than a century old, 

ignoring some thought to be even larger 19th Century floods.  These imply current 

flood levels could be calamitously low, or the overall risk exposure could be much 

greater than currently perceived. The impacts of mega-disasters and the ever-

increasing frequency of major calamities mean that flood emergency planning is 

becoming even more necessary.  The impacts of Hurricane Katrina on New Orleans in 

August 2005 have revealed weaknesses in communication processes.  Good 

communication and clarity of language is vital for successful emergency management. 
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One significant difficulty facing emergency managers is the ability to consider a threat 

that is not yet obvious, identify a potential flaw in land use or emergency planning 

scenarios, and then take pre-emptive mitigating action. 

The ability to intuitively recognise potential flaws appears to be through a mechanism 

known as pattern recognition.  Many local government emergency managers are 

operational specialists with logistic nous within the 30 to 50 year age group.  They often 

lack strategic land use planning and emergency planning experience and certainly the 

ability to see ‘patterns’ apparent in people who have emergency experience.  This 

thesis suggests how such beneficial attributes could be simulated in  much younger 

persons while they still possesses the cognitive and processing power that has 

diminished in an older brain.  

The following recommendations are made: 

1. Local governments extend their community engagement programs for 

floodplain management. 

2. Governments review their emergency planning and response processes in 

response to modern psychological research. 

3. Universities provide emergency management courses. 

4. Government agencies need further interaction at all levels of government. 

5. Teams of flood management specialists are developed at state agency level to 

provide advice to local authorities and join local response teams in a flood 

emergency. 

6. Government agencies review and where necessary, update manuals and 

guidelines for floodplain management and emergency planning. 

7. The engineering profession reviews the methodology by which its design flood 
frequencies are determined. 
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PREAMBLE 

This thesis is literature based and takes the form of a discursive philosophic essay. It 

has been written without the support of community surveys or interviews of public 

servants from either state or local government within Queensland or from other states. 

It was decided by members of the Confirmation Seminar review panel that community 

surveys (although originally proposed as part of the research method) should not be 

undertaken due to the political implications prevailing at the time and the ‘observer 

effect’.  It was also decided that matters arising through the thesis should not be 

discussed with emergency managers at Gold Coast City Council, the then State 

Counter Disaster Group or emergency managers in other states. It was also deemed 

inappropriate to discuss flood emergency matters with state public servants due to their 

confidentiality requirements. 

It should also be noted that the writer was Gold Coast City Council’s floodplain 

management specialist for over six years, was a self employed floodplain policy 

advisor, worked on a number of flood risk management projects in several states and 

in China, and is now a senior flood management specialist within a large multi-national 

consultancy. 

Many of the findings in the thesis are derived from observations of floodplain 

management and emergency management practice over the last 20 years where the 

writer has been able to influence policy changes or introduce new practices, tools and 

procedures. These are noted in the text or as footnotes. 

There are a number of improvements that can be made to minimise future misery 

resulting from the adverse effects of flooding and whilst the existing level of exposure 

to flooding is at alarming levels, it should be realised that flooding of developments in 

greenfield sites is largely preventable. Changes in planning standards are required. 
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1 INTRODUCTION 

Flood management is defined as the management of flood risk by integrated measures 

of legislation, economy, administration, structures, technologies and education. 

(Simonovic, 2009). 

The writer contends that flood emergency management is the art of understanding and 

controlling the temporary storage of excess rainfall that has fallen on a catchment to a 

point where existing flood management measures are overwhelmed. 

A flood emergency manager’s role is to protect communities and their assets whilst 

reducing the adverse economic and social consequences of flooding.  

Every nation-state accepts the need for measures to protect and preserve the 

lives and property of its citizens, whether from external threats or internal 

hazards. (COA, 2004a). 

The literature reviews that are embedded in each of the following chapters have led to 

a conceptual framework that is outlined in Chapter 1.4 which results in the research 

question: 

How can the adverse factors that affect decision makers prior to 
and during a flood emergency in South East Queensland be 
diminished? 

1.1 PURPOSE 

This thesis examines the factors that affect decision makers prior to and during a flood 

emergency, with particular reference to coastal communities in South East Queensland 

exposed to the potential for the interaction of both riverine flooding and storm surge.  

By ‘prior to’, the writer includes preparation for a flood and undertaking or influencing 

non-structural flood mitigation measures. 

Response to an imminent flood presents issues relating to management (and 

accompanying institutional arrangements), community response (acceptance and 

willingness to act), and technical knowledge (hydrologic and hydraulic modelling, 
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forecast accuracy, and trusting the information received).  It will be shown that many of 

these issues are a result of poor communications.  

Guidelines and manuals produced by government agencies have been reviewed and 

improvements to communication and education processes will be suggested. Most of 

the published material considers the ‘advice’ to be given to the public from a disaster 

advice centre.  The thesis will demonstrate there are still many subtleties to be 

addressed to determine why flood emergency communication failures occur and how 

the number and adverse consequences can be reduced.  Answers will depend on the 

community’s perception of the data it needs during a flood: defining criteria that will 

trigger appropriate responses. It sets the scope of the information to be delivered 

during a flood. 

Decision makers need to understand how their own biases, conclusions and language 

affect the downstream responses to warnings.  There are potential psychological 

influences and pressures that affect emergency managers’ decision-making processes. 

These need to be established in order to define the subtleties of communication, 

personal biases and processes of decision making and how they impact on the form, 

content and language style of flood warnings. 

Technical advice needs to be provided to decision makers in a form, language, content 

and context that are relevant, triggering appropriate emergency response activities, 

flood warnings and, potentially, decisions that might ultimately lead to evacuation or 

rescue.  Emergency response activities can lead to the destruction of community or 

personal assets or animals, sometimes at significant cost and personal distress.  

It is generally directed to the threats arising from riverine flooding that might also be 

affected by storm surge.  Due to the short time between the onset of rain and runoff, 

flash flooding is generally excluded from formal establishment of a disaster 

management centre.  However when storms are forecast, local authority works depots 

mobilize to clear blocked drains and assist their communities (personal observations of 

several Councils’ operations). The thesis does not discuss the preparation for tsunami 

or cyclones, but some parts of the thesis may be relevant to them. 

1.2 CONTEXT 

A flood emergency will arise when a flood has, or is forecast to, overcome some or all 

of the existing flood mitigation measures in place and might include an evacuation 
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and/or rescue requirement.  Communication plays a vital role in any emergency 

response activity, from the assessment and definition of the problem, to the 

development of forecasts, emergency group responses, the issuing of public warnings, 

and the public’s reaction to the warnings.   

Post disaster media investigations have highlighted several communication failures, 

some of which may be preventable in the future.  In August 2005, Hurricane Katrina 

severely affected New Orleans. News reports suggested disaster response 

organizations were unable to promptly assist over 50,000 people who were not 

evacuated from a flooded city.  An even more disturbing factor is that the British expect 

to reach only 80% of their communities at risk with their warning messages (Handmer, 

2000).   

Without communication, disaster response is likely to be uncoordinated and ineffective, 

and sadly, communities at risk might have little or no information upon which to make 

their decisions, as exemplified by the December 2008 flooding in Hull, UK (Convery et 

al, 2010), Hurricane Katrina (Brenner) and the 7 February 2009 bushfires in Victoria 

(Teague et al, 2010). These examples contrast with the response to the small but 

intense (Category 4) tropical cyclone Larry in Innisfail in 2006 (BOM, 2007) in which no 

lives were lost (EMA database) and also the August 2002 flood in Central Europe 

where flood risk information and communication systems were successfully 

implemented (Socher and Bohme-Korn, 2008) With prior warning, communities can 

reduce their societal and economic losses (p6, Teague et al, 2010). 

The Queensland coast of Australia is vulnerable to heavy rain from thunderstorm 

activity, cyclones, storm surge and low pressures systems with tens of thousands of 

flood prone properties in South East Queensland alone (COA, 2001).  Low lying 

communities close to the coast can also be subject to storm surge which in conjunction 

with heavy rain can exacerbate flooding.  “The vulnerability of South-East Queensland 

to the effects of natural hazards is increasing as a result of population and 

development growth” (COA, 2001). 

Recent climate change research suggest warmer temperatures will change vegetation 

patterns increasing runoff which, combined with higher rainfall intensities, mean that 

flooding will become much more common (Dunlop & Brown 2008, CSIRO & BOM 

2007, Abbs & McInnes, 2004). 
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Sellnow & Seeger (2001) suggest that further research is necessary on 

“communication’s role in advancing the sensitivity to respond to equivocal messages in 

crisis situations”. The Queensland Greenhouse Policy Framework (Qld, 2001b) 

acknowledges 

the growing scientific consensus that the enhanced greenhouse effect is 

changing the world’s climate, and that Queensland will be vulnerable to the 

effects of climate change. 

Even with the existing body of knowledge on the communication of risk, communication 

failures have occurred. The context and objective of this thesis is to determine why 

failures occur and how they can be avoided in the future. This thesis does not dwell on 

the physical infrastructure failure aspect but the level of understanding between people.  

If the factors affecting communication issues are understood, then many of the adverse 

psychological, societal, environmental, physical and economic consequences might be 

avoided.  

1.3 IMPACTS OF FLOODING 

It is important to consider the nature of flooding impacts and how these are classified in 

terms of the social and economic consequences of flooding. 

Queensland’s guidance on damage assessment (QDNRM, 2002) divides them into two 

basic divisions: tangible (being direct and indirect) and intangible costs, which are 

outlined in Figure 1.1 below. Tangible costs are those that can be measured directly in 

monetary terms with the direct cost component being those costs that occur 

immediately and as a direct exposure to floodwater. Indirect costs are consequential. 

Intangible costs are difficult and perhaps impossible to measured in monetary terms.  

Read Sturgess and Associates (2000) have estimated that actual flood damage is 

considerably less than potential flood damage, some estimating reductions of 30% to 

50% depending on the level of flood awareness of communities, their previous 

experiences of flooding, the time available to remove property to safe levels and 

information being provided to them.  The economic impacts of flooding can be severe 

and how these are assessed is considered later.   

Indirect costs are probably the most insidious due to the social disruption. Social 

scientists define hazard as: 
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some aspect of the physical environment that threatens the well-being of 

individuals and their society. (Nigg, 1996) 

These threats can be to social, economic and political systems as well as to the built 

environment.  Nigg also suggests a disaster occurs: 

when the built and social environments are so disrupted that the resources of 

the social system are overwhelmed and the system is unable to meet the 

demands placed on it for goods and services that are routinely expected by its 

citizens. 

Intangible costs are almost impossible to determine as there are no benchmarks 

against which to estimate (BTE, 2001). BTE reported on two studies within the United 

States (Stern, 1976) and cited Allee et al (1980) who, when analysing separate events 

concluded that the intangible costs were about the same as direct damages. Rumi 

(2002) includes as adverse social effects the decrease in earning ability, financial 

hardship in regaining a previous position, occupational displacement and low income 

levels. 

 

Figure 1.1  Outline of disaster cost framework (based on BTE, 2001 p63) 
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The scopes of the consequences of flooding are wide and varied and go beyond the 

demographics of society, its economy and include the cultural, historical and 

psychological states of the communities disadvantaged. 

1.4 CONCEPTUAL FRAMEWORK 

Even with the existing body of knowledge on the communication of risk, communication 

failures have occurred, and research is required to determine why failures occur and 

how they can be avoided.  If the factors affecting communication issues are 

understood, then many of the psychological, societal, environmental, physical and 

economic consequences might diminish.  

The conceptual framework indicated in Figure 1.2 outlines the overall approach of the 

thesis.  In the writer’s view the major factors that affect decision makers during an 

emergency are: 

• statutory and legislative environment 

• community vulnerability and resilience 

• emergency management capacity 

• psychological pressures and self confidence. 

The Figure 1.2 will be expanded in later chapters as they consider the impacts on the 

decision making process and the communities’ reactions to receiving warnings. 

The influence of these four major factors is dependent on the successful completion of 

a flood risk management process that is undertaken in accordance with the Australian 

Risk Management Standard AS/NZS ISO 31000 (SAA, 2009).  

A precursor to the flood risk management process is the development of hydrologic 

and hydraulic models that define the extent, timing and magnitude of the various risk 

profiles. These matters are discussed in Chapter 6. The outcomes of a flood risk 

management process are the development of structural and non-structural mitigation 

measures. 
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Figure 1.2 Factors affecting decision makers1 

1.4.1 Statutory factors 

The legislative environment is set by Queensland’s Disaster Management Act (QDMA, 

2003) and Guidelines (Qld, 2005), its Local Government Act (1993), State Planning 

Policy 1/03 ‘Mitigating the Adverse Impacts of Flood, Bushfire and Landslide” (2003) 

and other government documents. The expectations of the Defence Department’s 

Emergency Management Agency (EMA) set the performance requirements of decision 

makers. EMA’s expectations are built on the body of literature published by 

government agencies, research papers, decisions by the courts and more recently by 

the 2009 Victorian Bushfire Royal Commission (Teague et al, 2010). 

1.4.2 Community vulnerability 

Another factor believed to affect decision makers in the events leading up to and during 

a disastrous flood are their assessments of community vulnerability and their resilience. 

How particular communities, exposed to dramatic conditions, will react and respond will 

                                                 
1 The linkages between the various elements will be discussed in detail later in the thesis. In the above 
figure two arrow heads mean two-way relationship, dotted lines show relationships that are present but the 
respective magnitudes of impacts and burdens are generally determined by non-risk or emergency 
management processes. 



 
 
 
 
 

 Page 8 

Thesis: Floodplain management Introduction 

depend on the resilience of individuals within a community, the resilience of their 

assets and the resilience of their supporting infrastructure. It will be shown that the 

degree of resilience will depend on the information and instruction provided by a local 

authority and how well it engages with the community. There may well be situations 

where communities which are considered to be highly resilient are faced with a threat 

that, if it eventuates, can overwhelm all measures that are in place. 

1.4.3 Emergency management capacity 

The conceptual framework in Chapter 1.4 indicated that emergency management 

capacity was a factor that affected decision makers. Its component factors being flood 

magnitude, logistic capacity, evacuation burden and rescue burden. Obviously the 

larger the flood, the greater the resources needed to combat the flood, provide 

assistance to residents and businesses, and if greater numbers are at much higher 

levels of risk, then the greater the need for evacuation or rescue. 

Logistic capacity is also influenced by the potential impacts of an imminent flood which 

are determined by the hydraulic system. If a decision maker has been able to achieve 

structural flood mitigation works then the potential impacts are likely to be less (other 

things being equal). 

Well founded counter disaster planning and operations centres have the ability to 

respond to imminent threats, and preparatory work can realise effective logistic 

response (Summary Report p9, Teague et al, 2010).  The conceptual framework also 

suggests that input is required from communities through their participation built on a 

sound awareness of the nature and extent of possible flood threat scenarios.  

At the onset of a flood emergency there are some things than can’t be changed such 

as readiness for a response, community vulnerability and resilience, and the flood 

forecasting and warning systems.  If pre-emergency preparation and other mitigation 

systems are sound, then the remaining factors that would influence a decision maker 

are the rate of flood rise and psychological pressures. 

One essential operating document is the local authority’s Counter Disaster Plan.  This 

sets out the requirements for response to a pending flood emergency and multi-agency 

incident management (COA 2004b, Qld 2003 s80) and will be discussed later in 

Chapter 2. Other important factors include time, psychological and political pressures, 
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and the communities’ vulnerability and resilience.  Behind each of these factors is a 

theme that can interconnect with other themes.  

The timing of the response actions can be critical because they depend on the 

catchment response time and number of people, homes and assets that might be 

affected.  Unfortunately there are many catchments where the response effort has to 

be accomplished before there is significant evidence that a potential disaster might 

occur. An example of this was the Nerang River floodplain before the current raising of 

Hinze Dam2. Before the raising of the dam, a 100 year average recurrence interval 

(ARI) 72 hour flood suggested that some evacuation routes would be lost at 42 hours 

and about 20 hours before the flood peaked.  To effect evacuation would mean asking 

people to prepare for flooding and possible evacuation from 32 to 36 hours after the 

commencement of rainfall when less than 40% of the total rain of a design storm would 

have fallen. A difficult decision for evacuation planners is to determine who would have 

to leave their homes before there was any real evidence that a serious flood might 

eventuate. Residents have an even more difficult decision as they have no evidence to 

support the request to evacuate. 

1.4.4 Psychological pressures 

Without the self confidence that is built on knowledge and support, self doubt remains 

and the fear of leadership performance failure is likely to affect management outcomes, 

particularly after the 2009 Victorian Bushfire Royal Commission (Teague et al, 2010) 

investigation concluded that leadership failure contributed to the magnitude of the 

disaster. This thesis will show that such fears are lessened when decision makers have 

political support, a sound knowledge of emergency management, decision making 

skills and understand and have confidence in the information provided to them. 

Decision makers need to understand and trust the information provided to them prior 

to, during and after a flood emergency.  Without that trust, they may delay vital 

decisions, make wrong decisions or just fail to act (Keys & Cawood, 2009). 

Trust in flood forecasts depends on the accuracy of the hydrologic and hydraulic 

models used, not only to make the current predictions but the flood intelligence that 

gives meaning to the forecasts produced, i.e. the provision of local area context. 

                                                 
2 The writer was intimately involved in floodplain planning for this area for over 6 years. 
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1.4.5 Discussion 

Members of a Disaster Management Group (DMG) not only have reactive roles to 

respond to calls for assistance, but have proactive roles, trying to anticipate what will 

happen next, where, when, and taking a more proactive approach to disaster 

management. 

Political members of the DMG who will advise the community have to determine what 

is relevant, how information will be presented and provide the interface between the 

community and the DMG. This requires considerable preparation and a need to 

understand the issues involved. 

Media spokespersons have particularly important roles, not only to convince the media 

managers that air time is required, but give air time and exposure to the political 

members of the DMG as required. They are also information analysers, questioners, 

and have a role to interpret, explain and provide meaning to the information supplied 

from the DMG. Their decision making revolves around the questions they need to ask, 

and how that information is presented. 

Members of the public must make decisions that may affect other communities, their 

neighbours, their families and themselves. In the early stages of a flood, they need to 

determine whether their own factual observations accord with what is being broadcast 

through the media. If not, those members need to provide feedback through a feedback 

hotline, which would provide real time verification of hydraulic modelling and event 

tracking. Their decisions on what to tell or discuss with their own family or neighbours 

can facilitate calm or engender panic. Their decisions to evacuate at the wrong time or 

by the wrong route can contribute to traffic chaos, or require emergency services 

personnel to put their own lives at risk. 

All of the above require thoughtful and calm consideration, trust in every member of the 

disaster information continuum and a psychological preparedness to accept new 

information and react to it. The perception of flood hazard and damage by riparian 

populations and decision makers is often neglected despite its importance for the 

outcome of flood mitigation activities (Krasovskaia et al, 2002).  Also often neglected is 

the personal tragedy that accompanies and follows a disaster in undeveloped or 

developing countries. 
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Acceptance of new information requires a preparedness to build knowledge of the 

potential risk, a willingness to learn about future flood situations and the ability to 

analyse new information, synthesise possible reactive strategies and then act upon 

them.  

These attributes need to be developed by those who choose to, or unwittingly live in 

risky areas whether that risk is bushfire, cyclone or earthquake prone areas. Without 

knowledgeable, proactive, socially responsive and resilient communities, society as a 

whole will be poorer for unprotected communities. It is therefore argued that society as 

a whole has a responsibility to ensure that when catastrophic events do occur, the 

magnitude of human and social tragedy is as low as possible. 

Prevention or minimization of the adverse impacts of a flood disaster is about flood 

mitigation, and mitigation is founded on sound floodplain planning. In the following, 

planning is considered in its ‘widest sense’ from land use planning, emergency 

planning, evacuation, physical mitigation measures, community preparedness, 

education and learning to develop psychological strengths and in many cases, to 

rediscover the ability to learn.  All these are well known, but what is not well known is 

how these can be achieved in the most effective manner possible, given the lack of 

resources applied to mitigation planning. 

1.5 SIGNIFICANCE 

This thesis is directed at examining the factors that affect decision makers prior to and 

during a flood emergency.  There are four principal factors: the legislative and legal 

environment, psychological pressures, community vulnerability and emergency 

management capacity as outlined in Figure 1.2.  Each of these is influenced by other 

elements. 

However, in dealing with these four major themes, the thesis straddles a continuum 

theme which the writer largely defines as ‘communication’. The definition of 

‘communication’ is more subtle and wide ranging.  It relates to the gathering, 

processing and interpretation of data, the transfer of information through several levels 

of increasing intellectual processing which eventually is distilled in its simplest form into 

a series of binary choices for those who receive that information.  For operational 

response teams, the instructions are clear: go there … do this … until that ... For 

residents that could be flooded: stay or go and if go, go when, go where and by which 

route. 
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As will be demonstrated through this thesis, the ability to receive information, interpret 

it, add intellectual value and convey a message is paramount.  Whilst communication 

might seem to dominate some aspects of the thesis, without knowledge of the 

fundamental factors that do influence decision makers, communication can be 

misdirected or meaningless. 

A literature review has indicated that up to about 10 years ago, very little has been 

published in engineering, emergency planning and community consultation literature, 

on the communication that occurs within the technical and disaster management 

components during the onset of a flood crisis. Whilst there have been a number of 

manuals and guidelines published by Emergency Management Australia, and papers 

presented at NSW Floodplain Management Authorities conferences, very little has 

been directed to the South East Queensland context. The European Union has 

concentrated more on the development of best practice for flood control and that 

“acceptance that flood risks are managed” (Samuels, 2008). 

The events surrounding Hurricane Katrina that devastated New Orleans in late August 

2005 (at least 59 dead, Balmforth, 2008) and during the Victorian bushfires of 2007 

(173 dead, Teague et al, 2010), indicate there is still much to be discovered regarding 

communication between technical advisors, disaster managers and community 

leaders.  This review has found that improvements can be made to what is currently 

considered as best practice in Australia.  The effects of improper governance, whilst 

related, are not discussed within this thesis. 

It must be stressed that not all residents are exposed to the same degree of risk, either 

within the same floodplain or in another river system. If land use planning has been 

sound, then flood emergency planning and the roles of decision makers will be 

focussed on those floods that exceed floodplain planning levels. This hard reality 

requires emergency planning for disasters that will affect people who believe 

themselves to be immune from flooding. The classic case in Australia being the 

“Hawkesbury-Nepean dilemma” (Gillespie et al 2002) where the normal water level is 

about 0.8 m above sea level and where the June 1867 flood reached 19.2 m AHD at 

Windsor. This is two metres higher than the current flood planning level. A probable 

maximum flood (PMF) could reach 26.4 m AHD and cover an area of 300 km2. 

Land use planning for development control in Australia now requires developments to 

be generally constructed above the 100 year average recurrence interval (ARI) flood 
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level (such as in Brisbane, Gold Coast, Canberra, Wollongong), but this is considered 

inadequate in many overseas countries (such as USA, UK and The Netherlands).  With 

recent sea level rises now measurable (Bindoff et al, 2007) and climate change now 

viewed as something that has to be considered in planning (CSIRO & BOM 2010, 

Burch et al 2010, IPCC 2007, Bindoff et al 2007, Abbs & McInnes 2004, Betts 2002), it 

is apparent that not only is there considerable residual3 risk, but that further 

anthropogenic influences will worsen the situation.   

Under this worsening situation and the potential for floods that produce flood levels 

greater than the designed flood event, it is imperative that communication is improved 

at all phases of the information transfer process. 

The National Safety Council (USA, 1967) published the 'calculated' risk associated with 

natural hazards based on the data and models that were available at the time, 

estimating there could be 2.5 x 10-10 fatalities / person-hour of exposure to flooding 

(NSC, 1967).  Australia’s fatality / injury ratio is 1 fatality: 10 serious injuries: 30 minor 

injuries with each fatality costing the community $1,400,000 (BTE 2001).  

The total quantity of adverse flood impact in Australia is significant.  Flood damage was 

estimated to cost about $314 million a year (BTE, 2001, Table 3.1) and $420 million in 

2009 terms (COA, 2009a) and it is often assumed that the social costs of flooding are 

50% to 100% of actual direct flood damage (pers. comm. D.I. Smith4).  BTE (2001) also 

note anecdotal evidence that the psychological effects of flooding have been observed 

to last more than 10 years after the event.   

The actual cost of flooding and potential future damage have caused the Federal and 

State Governments to rethink their approach to disaster relief and funding 

arrangements and increase government subsidies for mitigation schemes, disaster 

management and engagement with flood-affected communities (COAG, 2004).  

Parallel effects are also appearing in local government which seek to minimise future 

misery by requiring more stringent development conditions that add to the costs of 

                                                 
3 Residual risk is defined as the risk remaining after all possible flood mitigation measures have been 
exercised. It is discussed in more detail in Chapter 2.1. 
4 David Ingle Smith (now retired) is a recognised expert in flood damage modelling. He was a Research 
Fellow at the Centre for Research and Environmental Studies at the Australian National University, 
Canberra. 
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development. This is occurring in the context of climate change, rising sea levels and 

increasing costs of building flood resilient communities5.   

If, as a result of better communication or better training, just one life is saved, or three 

people avoid serious injury, or flood damage to 100 houses is reduced, then this 

research will have been justified. 

1.6 THESIS OUTLINE 

The preceding elements have set the context of emergency management with respect 

to serious flooding, outlining the nature of some of the unknowns and likely sources of 

pressures on counter disaster managers. 

The next chapter provides additional background to flooding, how a flood emergency is 

managed in Queensland and introduces risk management and decision-making 

processes. This is supported by an outline of the various legislative, policy and court 

decisions that provide the imperatives for decision makers to achieve successful flood 

and emergency management. 

Chapters 3 and 4 examine the means by which community resilience can be improved 

through engagement, the expectations of communities and their preparedness to 

accept and react to flood warnings. They also discuss possible communication 

difficulties within the Disaster Management Group (DMG), and how these might be 

resolved through greater understanding gained through public awareness and public 

education strategies. 

Chapter 5 examines the nature and some limitations in the setting of design floods 

used for floodplain planning and compares floodplain planning criteria.  The thesis 

promotes  the avoidance of future risk through land development practices, the use of 

planning and development control provisions and how changes in land form can 

influence flood behavior.  Gold Coast City’s development and land use planning 

provisions are examined and suggestions are provided for their strengthening.  

Chapter 6 provides technical explanations of the impact of developments, and the 

technical and legal requirements of development hydraulic reports presented as 

supporting evidence for approval by a local authority. The thesis contends that for 

floodplain management to be successful, counter disaster planners not only need to 
                                                 
5 Personal observations from working in local government for over 20 years, and as specialist flood 
management policy adviser to government (locally and overseas). 
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understand the hydraulic aspects of floodplains, but how development can impact on 

the flow rates and timing of floods. The consequences of improper development leads 

to flood damage and social disruption and explanations are provided on how these are 

determined. 

Chapter 7 outlines the development and capabilities of several decision support 

systems designed for flood emergency response, but also recommends their wider use 

for community education and by the community during a flood. The thesis also argues 

that the use of systems upon which life and property depend, must be developed and 

maintained through a quality assurance system designed to Australian and 

international standards. 

Chapter 8 departs from the earlier focus on emergency management, risk planning and 

engineering, with an exploration of how knowledge of psychological processes can 

facilitate decision making and capacity building. The improper use of language can 

have disastrous consequences for warnings. More appropriate use of language, in 

combination with capacity building, can lead to improved response, community 

leadership and the development of a series of ‘lessons learned’. 

The thesis concludes with a summation, applications suggestions and improvements to 

Australia’s flood management for local authorities. 
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2 BACKGROUND 

This Chapter examines the legislative and disaster management environment in 

Queensland, the legislative requirement, knowledge obligations of disaster managers, 

advice provided and the implications for evacuation.  This thesis is directed to flood 

emergencies and by their very nature existing flood management and mitigation 

processes could be overwhelmed and communities might be required to evacuate. 

The conceptual framework outlined in Figure 1.2 shows a statutory theme which is built 

on Queensland’s Disaster Management Act, guidelines and responsibilities prepared 

by government agencies and a disaster manager’s knowledge of emergency 

management. 

 

Figure 1.2 Factors affecting decision makers 

These will be outlined in this Chapter along with the aspects of technical 

communication regarding the provision of flood advice and its implications for 

evacuation.  To a certain extent there is a relationship between the reduction in 

psychological pressures and emergency management capacity. The chapter will 

demonstrate that a sound knowledge of the emergency management environment, the 
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provision of technical information and evacuation limitations will reduce the pressure on 

emergency managers and improve emergency management performance. 

Many aspects of this thesis will refer to flood probability and its use as a relative 

measure against which current floods can be measured. The term Average Recurrence 

Interval (ARI) is used, which denotes the statistical period in years for floods of that 

magnitude. Its inverse is Average Exceedance Probability (AEP) where the magnitude 

of an event of that size occurring is expressed as a probability.  The flood standard for 

building construction in Australia is often the 1% AEP flood, or one having a 100 year 

Average Recurrence Interval (ARI). However the Building Code of Australia (BCA, 

2010) requires stormwater from a 100 year ARI flood not to enter a dwelling but there is 

no stipulation for freeboard6. The necessity for freeboard to cover uncertainties is 

discussed in Chapter 5. 

Some local authorities now require land to be developed at or above the 1% AEP flood 

level (GCCC, 2007b, BCC 2000), but earlier planning schemes set habitable floor 

levels at the preceding flood of record (GCCC, 1997) but also required “freeboard”, a 

nominated height above the design flood level. 

2.1 STATUTORY AND LEGISLATIVE ENVIRONMENT 

One of the principal factors that affect decision makers prior to (and during) a flood 

emergency is the need to ensure that their emergency response systems accord with 

the legislative requirements, and management systems seamlessly integrate with the 

State’s emergency arrangements.  

The emergency management environment encompasses the three levels of 

government through which flood emergencies have to be prepared for and managed 

when they occur. It is a hierarchical arrangement from the federal government down to 

the local level with differing functional responsibilities, but all with the same objective of 

preventing the loss of life, injury and assets and resources.  

This chapter describes the statutory imperatives for counter disaster management; 

outlines the organisational and operational environments for managing flood risk in 

                                                 
6 “Freeboard” had its origins in shipbuilding and is defined as the distance between the waterline and the 
upper deck level measured at the lowest point where water can enter the boat. The amount of freeboard 
required depends upon the sea conditions, the size of the vessel and the value of the cargo.  Drainage and 
flood engineers have almost universally adopted this concept and the usual 300 mm allowance provides a 
margin for error in the calculation of peak flood heights for wind and wave effects, and errors in rainfall 
measurement.   
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Queensland, which are founded on Queensland legislation, the guidelines and 

responsibilities published by government agencies and knowledge of emergency 

management. 

The management of flood risk prior to an emergency must commence with the 

establishment of a working environment and facilities, working arrangements between 

the parties who will be involved in flood combat, providing information, development of 

decision support systems, and as will be discussed later, establishing communication 

arrangements with at-risk communities. 

2.1.1 Emergency management environment 

Australia has developed agencies and groups to respond to emergencies (COA, 2000 

p.3) and these interact with other levels of government, non-government organizations 

(NGOs) and volunteer groups.  Together they have developed an emergency-aware 

culture at a professional level.  However it is unrealistic to expect this competence to 

extend to other branches of government or to the general community who might 

believe they have no part to play in disaster preparedness and management. 

At the highest level of the emergency management structure in Australia is the National 

Emergency Management Coordination Centre. This is a senior inter-departmental 

committee chaired by the Department of the Prime Minister and Cabinet and 

Emergency Management Australia (EMA).  EMA is the Commonwealth agency 

responsible for “reducing the impact of natural and human caused disasters on the 

Australian community” (COA, 2000 p.6).   

The Queensland Disaster Management Act (QDMA, 2003) sets out the management 

framework for managing a disaster in Queensland, and its Disaster Management 

Planning Guidelines (Qld, 2005) provide “a process for local governments to develop a 

local government disaster management plan, and to understand the need for a 

consistent local government approach to disaster planning”. 

At the State level in Queensland, there are 23 Disaster Districts with a District Disaster 

Coordinator and a District Disaster Control Group.  These liaise with 72 local authority 

(Qld, 2008) Counter Disaster Committees which together are responsible for preparing 

a counter-disaster plan for that local authority (QDMA 2003, COA, 2000 p.21). 
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2.1.2 Legislative context 

It is important to understand the legislative hierarchies of Australia.  An Act describes 

how to provide the objectives of the Act and is mandatory.  Regulations are established 

under an Act to set out the general principles and practical steps which should be 

followed, and provide penalties if the Regulations are not followed or the law is broken.  

Codes of practice provide practical guidance, but if a Code is specified in a Regulation, 

the provisions of the Code must be adhered to.  Australian Standards are developed to 

provide minimal levels of performance but if they are specified in the Regulations, they 

also must be complied with. Guidelines are usually generic and should be complied 

with where possible, but their application is flexible, and methods described within 

guidelines may be adapted to local circumstances with general agreement. 

The objectives of the Queensland Disaster Management Act (QDMA), (Qld, 2003) are 

as follows: 

(a) to help communities— 

(i) mitigate the potential adverse effects of an event; and 

(ii) prepare for managing the effects of an event; and 

(iii) effectively respond to, and recover from, a disaster or an emergency 

situation; 

(b) to provide for effective disaster management for the State; 

(c) to establish a framework for the management of the State Emergency Service and 

emergency service units to ensure the effective performance of their functions. 

Chapter 4 of the QDMA seeks to achieve these aims by establishing State, District and 

Local Government Disaster Management Groups. Each of these is required to prepare 

a disaster management plan. The declaration of a disaster is made by the Premier and 

the Minister. Local Governments are required to have disaster response capability, 

provide information to the District Disaster Coordinator, and perform its functions under 

the Local Government Act (Qld, 1993). Figure 1 from those Guidelines outlining 

Queensland’s Disaster Management System is reproduced below. 
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Figure 2.1 Queensland's Disaster Management System 

2.1.3 Administrative arrangements 

The lead combat role depends on the agency normally responsible for disaster type, 

e.g. for fire, the lead agency will be Queensland Fire and rescue, for a flood, the local 

authority can take the lead (Ipswich, 2008). 

Usually the engineering manager or works manager takes on the lead operational flood 

combat role. This is done in concert with the Local Disaster Management Group which 

will have members that include the Mayor, council officers, State Counter Disaster 

Organisation and Queensland Police. Individually or collectively, these are the main 

decision makers in the context of this thesis7. However, as much of the preliminary 

logistic work and technical interpretation of the forecast flood and its impacts resides 

with the engineering disaster manager, his personal influence and responsibilities are 

considerable. This thesis examines the factors that influence all decision makers and in 

particular, the engineering disaster manager. 

Because damaging floods are relatively rare events, flood emergency preparation is 

often given a low priority. If the local authority has developed a risk aware culture then 

preparation for emergency response is more likely. Unfortunately, this region also 

                                                 
7 Individuals within flood prone communities are also considered as decision makers in this thesis. 
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experiences other natural disasters (e.g. bushfire, strong winds) so there are synergies 

in developing working arrangements and an emergency management culture. 

In 1993 the Australian Senate Standing Committee Report on Disaster Management 

(SSC, 1994) advised the Government to adopt a more preventive attitude to disaster 

management. This report suggested that rather than focus on response, it should shift 

the emphasis to “dealing with the effects of a disaster prior to the event” (Zamecka & 

Buchanan, c2000). 

This has lead to disaster mitigation becoming foremost in disaster management 

thinking, with mitigation being a consequence of the identification of hazard typologies, 

their probability, impact and ultimately where effort should be directed to reducing the 

threats to the community. This became the foundation for Australia’s risk management 

processes.   

In river catchments where development on floodplains has a high exposure to flood risk 

and hazard, it is imperative that local authorities have undertaken both structural and 

non-structural flood mitigation measures as part of their risk management process (Qld, 

2005). Structural measures aim to reduce flood impact by reducing the magnitude of 

the arriving flood wave or changing the way flood waters move through the floodplain.  

Non-structural measures include development controls to limit the extent of flood 

exposure, community education, awareness and evacuation preparation programs, risk 

transfer (by flood insurance) and emergency planning (SCARM 2000, NSW 2005). The 

latter is based on the local authority’s disaster management plan and its sub-plans that 

might include setting up the response room, communication facilities, evacuation, 

hospitality evacuation and DMG centres, logistics, business continuity and recovery 

(Ipswich 2008, Maroochy 2003), and the Disaster Management Guide (Qld, 2005). 

It is the author’s view that at the onset of a flood the disaster manager has to determine 

whether a crisis will develop, mobilise the response activities and, if necessary, declare 

an emergency. How the management of the pending flood emergency develops will 

depend on the means, substance and clarity of communications to and from decision 

makers, and the psychological pressures that affect the mental reception and 

understanding of communications. These elements are examined in more detail later. 

2.1.4 Statutory imperatives 

Decision makers not only need to be aware of the responsibilities they face, but these 

imperatives also provide them with a political constituency (Burby, 2001) that can 
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provide an authority to achieve pre-flood tasks necessary for proper responses. The 

imperatives outlined below are in addition to the legislative context described above. 

COAG 

In 2001 the Council of Australian Governments (COAG) commissioned a review of 

Australia’s approach to dealing with natural disasters and mitigation.  This review was 

carried out by a High Level Group (HLG) that included department heads, other 

officials and representatives for all levels of government in Australia. Their report, 

Natural Disasters in Australia: Reforming mitigation, relief and recovery arrangements 

(HLG, 2004) was endorsed by the Acting Prime Minister [the Hon John Anderson MP]. 

Recommendation 5 of the HLG was directed to all levels of government, and local 

governments were asked to endorse the following statements. 

Where Local Government powers exist, Local Governments also have responsibilities, 

in partnership with States and Territories, to contribute to the safety and well being of 

their communities which means they have an important role participating in local 

natural disaster management.   In most circumstances, the principal roles and 

responsibilities of Local Governments are: 

• ensuring all requisite local disaster planning and preparedness measures are 

undertaken  

• ensuring an adequate local disaster response capability is in place, including 

local volunteer resources  

• undertaking cost-effective measures to mitigate the effects of natural disasters 

on local communities, including routinely conducting disaster risk assessments  

• systematically taking proper account of risk assessments in land use planning 

to reduce hazard risk  

• undertaking public education and awareness, and ensuring appropriate local 

disaster warnings are provided  

• ensuring appropriate local resources and arrangements are in place to provide 

disaster relief and recovery services to communities  

• representing community interests in disaster management to other levels of 

government and contributing to decision-making processes, and  

• participating in post-disaster assessment and analysis. 
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Queensland Government 

The State Government has been concerned for a number of years about the cost of 

flooding in Queensland where, under the Natural Disaster Relief Arrangements 

(NDRA), this has averaged $50 million per year between 1989 and 2001, (NRM, 2002).  

The Federal Government also amended its NDRA policy so that future payments 

following a disaster are now conditional upon the respective governments being 

proactive in disaster mitigation.  This led to the formulation and approval of Queensland 

State Planning Policy 1/03 ‘Mitigating the Adverse Impacts of Flood, Bushfire and 

Landslide’, and the issue of a State Flood Risk Management Policy Discussion paper 

(NRM, 2002). 

State Planning Policy 1/03 

State Planning Policy 1/03 has significant implications for the management of floods 

and is triggered when: 

• development applications within a flood hazard mitigation area are assessed 

• planning schemes are made or amended 

• land is designated for community infrastructure. 

SPP1/03 requires flood studies to define land within a “Natural Hazard Management 

Area” and such studies should include the consideration of all floods up to the Defined 

Flood Event (DFE) which is recommended to be at least the 100 year ARI flood. 

Specific outcomes for development in a flood hazard management areas as set out in 

Annex 4 of SPP1/03 are: 

1. Development maintains the safety of people on the development site from all 

floods up to and including the DFE. 

2. Development does not result in adverse impacts on people’s safety or the 

capacity to use land within the floodplain. 

3. Development minimises the potential damage from flooding to property on the 

development site. 

4. Public safety and the environment are not adversely affected by the detrimental 

impacts of floodwater on hazardous materials manufactured or stored in bulk. 

5. Essential services infrastructure (e.g. on-site electricity, gas, water supply, 

sewerage and telecommunications) maintains its function during a DFE. 
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SPP1/03’s accompanying guidelines sets out the conduct of such studies which are to 

be undertaken within the context of the development of a floodplain management plan, 

as set out in Floodplain Management in Australia: Best Practice Principles and 

Guidelines (the Standing Committee on Agriculture and Resource Management 

(SCARM) Report) (CSIRO publishing 2000). 

The Queensland Government has acknowledged that Queensland will be vulnerable to 

the adverse impacts of climate change in “Queensland Greenhouse Policy Framework: 

A Climate of Change”, Queensland Government, September 2001), and requires that 

an increase in rainfall intensities should be considered in defining a Flood Hazard 

Management Area.  

State Flood Risk Management Policy Discussion Paper 

The primary responsibility for achieving ‘effective flood risk management outcomes’ 

(NRM 2002) rests with local government, and as there has been no clear and effective 

guidance from the State, floodplain management policies vary significantly between 

local authorities. This Policy document was released in draft form but was never 

formally adopted. Chapter 5.6.5 elaborates these matters. 

NRM recommended the following key principles to guide the development of flood risk 

management principles: 

• Risks to public health and safety should be managed in accordance with 

ecologically sustainable development principles. 

• Decisions on any proposed floodplain use should be based on a full 

appreciation of the associated risks and benefits. 

• Individuals should be able to make informed choices. 

• There should be a partnership approach between all levels of government 

(recognising that the costs of flood disasters affect all Australians). 

• Proactive prevention should occur in preference to reactive response. 

• The costs associated with flood risk should be identified and funded 

transparently. 

NRM categorised three types of flood risk: 

• Existing risk – the risk to buildings and developments on flood prone lands that 

are exposed to an ‘existing’ flood risk by virtue of their presence and location. 
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• Future risk  – the risk to buildings and developments that will be built on flood 

prone land8 and, therefore, will be exposed to a ‘future’ flood risk (a risk that 

does not materialise until the development occurs). 

• Residual risk  – the risk that remains after management measures are in place. 

Future risk can be minimised by the adoption of more conservative land use planning 

strategies, planning policies, codes and guidelines that reduce as far as practicable, 

the number of assets exposed to future flood events.  The development of floodplains 

must have regard to the magnitude, duration and extent of hazard, public safety, 

potential losses and the exposure to additional adverse impacts caused by any 

changes to flood prone land. 

When a severe flood does occur, emergency management, financial, social and other 

measures are required to assist those affected by flooding. 

Appendix 6 of the SPP1/03 Guidelines provide instruction of the adequacy of flood 

warning times for each development proposal. 

Building Code of Australia, Queensland Building Act (1975) & Standard 
Building Regulations (1993) 

These documents, together with the Building Code of Australia (BCA) (ABCB, 2010), 

which forms part of the State’s Standard Building Regulations (SBR) (Qld, 1993) and ‘is 

to be read as one’ with the building regulations, control building standards in 

Queensland. 

Part 4, Section 53 of the SBR allows local governments to declare land liable to 

flooding and set floor levels of habitable rooms by resolution.  The local government 

must keep a register of the resolutions, the information supporting the resolutions and 

make them available for public inspection. 

The 2010 edition of the BCA requires prevention of floodwaters from a 100 year ARI 

flood event from entering habitable rooms. 

Local Government Finance Standard 1994 

Changes to the Local Government Finance Standard 1994 (Qld, 1994) call for disaster 

mitigation to be considered in the preparation of a local government’s corporate and 

operational plans, (NRM 2002, page 25).  This Standard is called up within the Local 

                                                 
8 Flood prone land is land that would be flooded in a probable maximum flood (SCARM, 2000). 
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Government Act (1993).  The Standard has been modified to strengthen corporate 

governance arrangements for risk management and through this for disaster risk 

management. 

Legal 

The following outline some legal principles and relevant case law to guide the 

formulation of planning principles, objectives, performance criteria and tests for the 

development of floodplain planning policies, codes and management practices of a 

local authority.  Councils have a legal obligation for the good rule and government of its 

area, and are charged with ensuring development is undertaken in a sustainable 

manner that will not put members of the community at risk to life, injury or to loss of 

personal property. 

Common law 

Two fundamental principles of common law appear to be: 

1. A person has a right to enjoy life and the property he/she owns; and 

2. A person shall not do anything that will create such a nuisance that will prevent 

another from enjoying their life or their property. 

A far as a local authority is concerned, it should not grant a statutory approval that 

would adversely impact on another person, and may face potential legal liabilities in 

their management of floodplain development and the conduct of flood management 

activities if not carried out in a responsible manner. 

The following principles are supported by case law: 

• The law protects the right of property, Vincent v Peacock [1973] 1 NSWLR 466 

at 469. 

• Any person who owns or occupies land can sue for private nuisance, 

Khorasandjian v Bush [1993] QB 727. 

• Whoever creates the nuisance can be sued, Fennell v Robson Excavations Pty 

Ltd [1977] 2 NSWLR 486. 

 

Duty of care 

The test as to whether a local authority has exercised a reasonable standard of care 

can be found by examining the following factors: 

• the magnitude of the risk; 

• the degree of probability of occurrence; 
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• financial expense of implementing alleviating measures; 

• difficulty of taking alleviating action; and 

• the constraints imposed on a council, including: 

o financial constraints, 

o size of the municipality, and 

o the nature of the municipality. 

Refer: Wyong Shire Council v Shirt (1980) 146 CLR 40 at 47-48 per Mason J.; and 

Sutherland Shire Council v Heyman (1985) 157 CLR 424 per Mason J. 

It is noted that the first four dot points summarise the intent of the earlier Australian 

Standard: Risk Management (AS/NZS 4360:1999). 

Provision of flood information 

Whilst there seems to be no statutory obligation on a local authority to provide flood 

level information, the fact remains it is probably the only single repository of flood 

information for its locality.  Given that it requires developments to be constructed 

having regard to flood levels, and there are statutory requirements for builders to 

construct dwellings above a designated flood level, flood information has to be made 

available to the public.    A council then has a duty of care when issuing flood 

information to those who might be reasonably expect to rely on it.  

Acting in a manner that a known risk is aggravated 

If, as part of its investigations, Council found that a development already approved in 

principle (such as under the Planning and Environment Act) would aggravate flooding,  

… it would be contrary to the Council’s public duty for it, now being aware of the 

dangers and disadvantages … to permit a developer to create the risk of their 

occurrence.   

Planning and Environment Court, (P&E Appeal No. 2124 of 1997), Tricare 

Australia Limited v Gold Coast City Council, Reasons for Judgment, Skoien 

S.J.D.C. 

Cumulative impact 

There are a number of cases where the courts have determined a requirement to 

consider the cumulative impact of development and these are discussed in Appendix E 

– Cumulative Development Flood Modelling.  
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2.2 DISASTER MANAGEMENT  

Local authorities are required to establish a Disaster Management Group (DMG) 

(QDMA, 2003, s.4) having members with technical, logistic, emergency and community 

expertise, and is usually lead by the Mayor or his delegate.  It is required to follow a 

Local Disaster Management Plan and manage a Disaster Management Centre 

containing operational and support staff.  The DMG might be fortunate enough to be 

supplied information by its own technical flood group as well as receiving information 

from the Commonwealth Bureau of Meteorology (BOM).  The BOM is authorized to 

publish official weather and flood forecasts9 (s.6 COA, 1955) and these take 

precedence over any other group’s meteorological and hydrologic predictions.  

The role of the technical flood group is to interpret the Bureau’s forecasts and advise 

the DMG of the forecast’s implications at a local level.  Keys and Cawood (2009) 

strongly emphasize the importance of this role as it adds meaning to a Bureau forecast 

to inform both the DMG and local residents of local impacts. This advice must include 

information on the nature of the threat, current and forecast flood levels at locations 

meaningful to the community, warnings as to when escape routes might become 

impassable, evacuation arrangements, and sources of more information. 

The DMG is required to make decisions on appropriate emergency actions and to 

provide advice to the community.  The role of each is described in Chapter 3 of EMA’s 

Manual 22 Flood Response (COA, 2009c). The DMG has linkages with Police, State 

Emergency Services (SES), other emergency groups and non-government 

organizations.  

Local authorities are also able to set up their emergency management arrangements 

for combating flood under the Australasian Inter-service Incident Management System 

(AIIMS)10.  This was originally developed as a management framework developed for 

combating severe bushfires but has been adopted by the Australian Council of State 

Emergency Services. It is now a Nationally Accredited system (2022VIC) and requires 

users to undergo formal training  

                                                 
9 These are water level forecasts for a defined location but do not indicate the extent, depth and impact at 
a local level.  Defining the latter is the responsibility of the local authority. 
10 www.knowledgeweb.afac.com.au/training/aiims  
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For the initial purpose of identifying the problem, consider the emergency response 

organization that might be set up in a medium sized or large local authority in 

Queensland, such as displayed in Figure 2.2 below.  This figure highlights the writer’s 

perception of a communication process during a flood emergency based on his 

observations of flood emergency exercises. It not only displays the organizational 

aspects, but the communication flow paths and also depicts to some extent the value-

adding to raw information. 

The green box in Figure 2.2 suggests a scope for a decision support system which is 

discussed in Chapter 7. Hydrologic data is recovered from field water level and rainfall 

recorders through the BOM’s ALERT network and radar sites input to the BOM’s 

hydrologic models.  Their flood forecasts are then disseminated to the respective 

DMGs.  The local authority may also be running its own modelling system which, for 

Gold Coast City for example, polls the BOM’s ALERT network and runs it models as a 

‘chron job’ every two hours, regardless of whether a flood threat exists or not (pers. 

comm. Hamid Mirfenderesk11, September 2010). Information is provided from both 

sources to the DMG with the BOM’s forecasts would be accompanied by additional 

interpretations as to the impact of those forecasts, and what trends might follow.   

Information is passed to trusted community spokespersons who provide advice through 

the media. The community may also return information on current flood levels or the 

flood information through a dedicated telephone response line if individuals believe the 

advice needs updating. This advice is forwarded to the local authority’s flood modelling 

group for verification and adjustment of forecasts, in consultation with the Bureau of 

Meteorology’s hydrologists. 

Communication failures can occur within the DMG when instructions are issued to field 

staff and other emergency services, and as the information is provided to upper 

echelon decision makers. These are discussed by Quarantelli (1988) but he also refers 

to the communications difficulties with the “systems of organizations”.  He suggests 

that organisations have their own “multiple two-way and chain communications 

between different kinds of multi-layered groups” and that communications within an 

organization system can “become quite problematic during a community disaster”. 

Figure 2.2 displays a series of pink arrows that depict potential communication failures 

by inaccurate transfers or misinterpretations of information: between the BOM 

spokesperson and Council’s flood advisor, between the BOM spokesperson and the 

                                                 
11 Hamid Mirfenderesk is Council’s Flood Strategies Sections’s Coordinator 
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DMG, and between the flood advisor and the DMG. EMA’s Manual 17 for Multi-Agency 

Incident Staffing (COA, 1998e) sets out the requirement for the reporting and 

communication structure, but by omission must assume that communication is both 

accurate and is understood. 
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Figure 2.2 - Flood response communication within Queensland Australia 
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Challenges exist in conveying flood advice and warnings to the community as indicated in 

EMA’s Manual 21 on flood warning (COA, 2009b). This manual was first issued in 1999 

as a guideline and has been progressively updated. Many of the recommendations as to 

the text of warnings are similar to those espoused by Keys and Cawood (2009) in 2007. 

(Their 2009 paper was based on their earlier 2007 conference presentation.) This writer 

considers Manual 21 is so important in the Australian context of flood emergency 

management; the key points of each chapter are reproduced in Appendix A. 

Keys and Cawood (2009) also define another type of warning failure as “under-warning” 

and “failure to warn in a timely, effective and communicative manner”. They register their 

concern that not all warning information and ‘flood intelligence’ is provided by restricting 

information that is released to that provided by the Bureau of Meteorology. They suggest 

that in some instances, information released is too conservative and which then affects 

the reception of later more important information. Keys and Cawood recommend the 

inclusion of communities in the development of warnings, to determine what information 

might be required by the affected residents at different times, and then develop standard 

pro-forma messages for release when needed. If these are accompanied by regular pre-

season flood warning educational and awareness programs, the ‘surprise’ element should 

be limited. The timing of a warning or flood advice is critical, as occupiers at risk need 

sufficient decision lead time.  Warnings and advice should also indicate current trends 

and the implications of those future expectations. 

The current flood emergency advice paradigm provided by EMA’s Flood Warning Manual 

21 (COA 2009) is matched by the release of the report of the 2009 Victorian Bushfire 

Royal Commission (Teague et al, 2010) which has reinforced some of the above 

communication principles.  The following comments within the Report Summary can be 

equally applied to flood warnings: 

• The Victorian ‘Prepare, Stay and Defend or Leave Early’ policy (which became 

known as the ‘stay or go’ did not allow for “variations in fire severity that can result 

from different … conditions”.  

• A “safety policy must be capable of dealing with the fact that every fire is different”. 

• “Any policy must encourage people to adopt the lowest level of risk option 

available to them”. 
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Teague et al have reinforced the need for a ‘policy’ approach for warnings in they must 

satisfy, as far as it is possible to do so, the full range of events that are directed to as 

many people and communities as possible, and when a devastating event is occurring, 

redirect resources from combat to rescue. They continued on p8 “even when the right 

policies are in operation, strong and effective leadership is essential”. Strong and effective 

leaders need to recognize that when particular strategies are not coping with the current 

situation, tactics need to change, and preferably, to well known and rehearsed procedures 

prepared for such eventualities.  

It is the author’s contention that for such a change in tactics to be effective, the following 

conditions are essential: decision makers need to know and understand: 

1. the responsibilities of key people within the DMG 

2. hydrologic advice that might be provided to decision makers during a flood 

emergency 

3. the limits and accuracies of the information provided to decision makers 

4. evacuation timelines and the need to establish evacuation triggers 

5. the evacuation burden and how much time is required to effect safe evacuation 

before removal becomes rescue. 

Teague et al consider the managers of the Victorian bushfires failed because they did not 

have an effective system of command and member of the various groups did not 

understand the roles of key people (Point 1). This is discussed below. 

Points 2 and 3 add to the psychological pressures on decision makers, and Points 4 and 

5 relate to emergency management capacity and will be discussed later. The 

communities’ reactions to, and need for flood warnings, are discussed in Chapter 4. 
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Point 1 Responsibilities of key people 

The roles of each of the various groups as outlined in Figure 2.2 is summarised below. It 

is assumed that Roles 1 to 4 below will have been conducted well before a flood 

emergency. 

People Role 

Technical advisors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before a flood: 

1 Undertake a risk analysis to determine the 

• range of threat types 

• magnitude of a range of threats 

• magnitude, severity and locations of likely impacts, their timing 
and implications for residents, occupiers, assets and 
infrastructure 

• possible amelioration options 

• likely impacts on evacuation 

• risks to “lifelines” 

2 Design and conduct flood awareness campaigns based on what they 
already know with the 

• community 

• emergency staff (planners and those assigned emergency roles 
who would otherwise not be aware of the issues). 

• SES groups, emergency volunteers 

3 Prepare flood information materials for review by stakeholders 
(including emergency and land use planners, communities, State 
Government agencies, development industry and residents 

• scenario descriptions, trends, impact statements 

• likely inundation maps 

• discussion materials and explanatory notes 

• participate in the development and conduct of consultation and 
communication processes 

4 Prepare for  flood emergency (this is not an exclusive list, a fuller set 
of instructions and preparatory information should be contained 
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Technical advisors 

(continued) 

 

 

 

  

within a Local Disaster Management Plan) 

• flood inundation maps 

• evacuation scenarios and plans 

• rainfall and flood triggers 

• develop decision support systems 

• develop ‘on the fly’ hydrologic and hydraulic modelling systems 

• develop ‘on the fly’ mapping systems 

• prepare flood warnings that are area specific, relevant 

• prepare generic flood advices 

• building working and professional relationships between 
emergency planners, DMG team members 

• develop recording and information systems 

During a flood: 

5 Determine if there is a flood threat by polling rainfall and river height 
ALERT stations, Bureau forecast, radar and satellite images, and 
inspect catchments to determine likely antecedent wetness. 

6 Run hydrologic and hydraulic models to determine / estimate 

• flood volume 

• rate of rise 

• peak flood levels 

• peak velocities and likely impacts on pedestrian and vehicle 
movements and whether the range and duration of high 
velocities are sufficient to cause house or other structural 
failures 

• when, where 

• nature of threat 

• prepare handouts, reference materials  

• advise emergency managers 

• maintain flood watch and update information as flood progresses 

7 Advise 

• political leaders/decision makers with the objective of advising 
communities 

• emergency planners 
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Emergency Managers Before a flood 

8 Review Local Disaster Management Plan 

• update as necessary 

• conduct training 

• test systems, information to be provided and communications 

9 Logistical arrangements for flood combat activites 

10 Emergency centre 

• Prepare facilities 

• where 

• safety, security of building and staff 

11 External support planning,  

• e.g. police, hospitals, SES 

• staff 

• number needed, plan for rotation, 

• counselling requirements 

During a flood: 

12 Communications 

• receiving advice and instructions  

• giving advice and instructions 

13 Records  

• calls for assistance and responses (effectiveness, timeliness, 
conduct) 

• information provided, by whom, when, context, value 

• track field crews and equipment 

14 Logistics 

After a flood: 

• instigate recovery operations 

• estimate flood damage for disaster recovery funding 

• review the event (lessons learned) 

• modify processes, manuals, instructions, procedures 
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Emergency planners 

 

Learn scope and nature of problem: 

• who, where, what, when, how 

• maps 

• training staff 

Define nature of emergency centre: 

• staffing, food, logistics, support of families engaged in emergency 
work 

• contingency planning 

Evacuation logistics: 

• emergency accommodation 

• return home phase 

Recovery phase: 

• clean up 

Political decision 
makers 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before: 

• learn about the problem 

• lead elected authority 

• ensure disaster relief arrangements are in place 

• ensure emergency planners are prepared 

• ensure that land use planning is appropriate 

• support mitigation funding 

• ensure funding is available for all disaster groups (before, during and 
after) 

During: 

• leadership role for emergency office 

• communicate with community, agencies, State and Federal 
counterparts 

• lead other elected representatives 

After: 

• seek funding for recovery 

• support community  

• support staff and review 

• transmit lessons learned 
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Elected representatives 

 

Before: 

• advise constituents of risks faced in various areas 

• advice potential actions people can take 

During  

• support Mayor, constituents and staff 

After: 

• (on clean up, financial assistance available) 

• support community 

• support Mayor and staff 

Communities Defined as but not exclusively: 

• general public 

• concerned and community activists 

• non government organisations (NGOs) 

• businesses 

• operators of “Lifelines” 

• volunteer organisations (Salvation Army, Lifeline, St Vincent de Paul, 
Anglicare, etc. 

Responsibilities 

• prepare for inevitable 

• accept advice from political leaders in an emergency 

o respond when asked 

o be involved in the political decision making process 

o make choices about own future, and their acceptance of 
exposure to risk and hazard 

 

Volunteer groups Before a flood: 

• prepare 

During: 

• act as directed by safety officers 
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Media 

 

Radio: 

• advice updates on the nature and progress of floods, flood heights, 
distribute warnings 

• provide advice on people movements and messages 

• advertise offers of help by tradesmen (e.g. carpet layers, furniture 
removalists) 

Television: 

• provide news on the advance of the flood, 

• display maps of evacuation routes, roads closed and likely to be 
closed 

• interviews with police, SES, Mayor and City Disaster Manager 

• display pre-prepared animations of likely flood rise given the rainfall 
that has already occurred. 

• news footage to indicate seriousness of current situation 

Newspaper: 

• location of evacuation centres 

• location of car parking area 

• flood maps 

• evacuation routes 

• routes that will be lost during the flood and what stages 

• key flood triggers and corresponding implications 

Internet web site hosts: 

• most of the above 

• information ‘mapping’ systems (not spatial maps, but ‘information 
maps’) 
Use can be made of social networking sites such as MySpace, 
YouTube and Twitter 

Mobile phone emergency systems 

• as planned nationally 
Given the number of tasks and the interactions of the various groups within the disaster 

management system there is a need for more trained people, particularly those lower in 

the organisational structure, who need to know what they can do to support those above. 
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This potential organisational gap needs to be identified, positions filled and people need 

to be trained as discussed in Chapter 8. 

Point 2 Hydrologic advice in a flood emergency 

The flood information to be provided to decision makers by hydrologists needs to be 

considered carefully. Too much information can lead decision makers feeling 

overwhelmed whilst too little information could be disastrous. The important things are to 

provide just enough information at the right time, and to do this when decision makers are 

receptive and have the capacity to receive, understand and take appropriate action. So 

advisors need to ask themselves  

• how can the presentation of rainfall and flooding information be made more 

efficient and effective to improve decision making lead-time and resultant advice to 

the community? 

• how should flood information be structured and presented to emergency 

managers to assist emergency management operations, and making decisions to 

encourage evacuation? 

• what tests should be applied by decision makers when faced with flood 

information that is outside their expectation? 

To a hydrologist the important indicators are: 

• forecasts of heavy rain provided by the Bureau of Meteorology and the 

hydrographs at key gauging stations provided by the Bureau 

• temporal patterns and how these relate to design and historic patterns  

• catchment response to rain: 

o antecedent wetness 

o available flood storage in dams 

o time of concentration 

o rainfall depths 

o rainfall runoff rates 

• recognition of the potential severity of flooding through indicators such as: 

o spatial extents of flooding  

o current water levels 
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o rate of rise of floodwaters 

o critical water levels  

o flood velocities 

o critical durations 

o flood volumes 

This information requires processing time to determine the hydrologic and hydraulic 

parameters from which the impacts can be mapped.  The findings need to be 

communicated to: 

• Disaster Management Group 

• emergency response teams 

• political leaders 

• local communication response centres followed by 

• the public usually by the mass media 

The advice should be accompanied by maps, pictures, key indicators that have meaning 

for residents and descriptions of areas under threat (COA 2009b, Keys and Cawood 

2009).  If authorities are fortunate, the community will respond in an appropriate manner.   

The purpose of generating flood warnings and providing advice, is to seek a reaction from 

those being warned to take defensive measures to protect their loved ones and property, 

and assist others where possible.  How people react to warnings depends on a number of 

factors and the reaction may not be what is intended by the authorities.   

Flood warnings need to be developed that match the community’s needs from the  

1. community perspective of what it thinks is necessary from the emergency experts, 

and  

2. the experts’ perspective of what they think the community needs. 

These expectations may not coincide, and are probably unlikely to coincide unless a 

dialogue is developed between the community and the flood management authority. 

Flood warnings have to be delivered to a community that is generally uninformed (D’Arcy, 

2001).  That particular Gold Coast City study found that although there was intense public 

debate, many residents were generally uninformed about the flood risk they faced.  The 
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study also found that less than half the residents had previous experience of flooding, and 

most residents or businesses were not concerned about being prepared for flooding.  A 

similar finding was made for Queensland’s Maroochy Shire (QRMC, 2004). 

Flood and evacuation warnings are designed to provide advice “so people can take action 

to lessen its negative impacts” (COAb, 2009).  This Guide has recently been revised from 

its 1999 edition and is supported by SCARM (2000), Handmer (2000), NSW (2001) and 

the United Nations (UN, 2004).  Due to the provenance and importance of EMA’s flood 

warning guide, it provides the baseline from which future comparisons can be made. 

The difficulties facing effective communication between flood forecasters and emergency 

managers and then to the community, are the differing vocabularies, and quite often the 

community’s inexperience of flooding (COA, 1998b). This leads to misunderstandings or 

lack of comprehension of warning messages, only receiving messages second or third 

hand, and delaying responses until it too late or unsafe to take meaningful action.  If 

individuals are flood aware, or have had first-hand experience, people react to warning 

messages in a competent manner. 

Generally, without first-hand experience to generate Gestalt12  type reactions, members of 

the community do not understand or readily accept warning messages (Ariely and 

Carmon, 2000).  In such circumstances, flood warning officials and emergency managers 

need to rely on public awareness programs or vicarious experiences of other disasters 

gained through the media. Further research is required to determine how the 

effectiveness of official advice can be improved, and to determine how the disruptions to 

effective communications can be diminished.   

The writer believes that the impact of the flood warning message will be influenced by 

more than just the warning that is issued as suggested in Figure 2.3.  How effective they 

are will depend on prior knowledge, understanding and probably individual and 

community myths and beliefs.  

                                                 
12 “perceived organised whole that is perceived as more than the sum of its parts” (COD,1982). 
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Figure 2.3 - Factors contributing to community actions 

Figure 2.3 indicates the flow of information from a flood warning through a media centre, 

its interpretation of the message, the message provided which leads to a community’s 

reaction to the message, and the actions the received message might engender.  It’s the 

author’s contention that the messages’ effectiveness can be disrupted through community 

dissemination and the community’s expectations of the emergency management system. 

The challenge then arises for emergency managers to improve the effectiveness of the 

warnings through awareness programs that are directed to improving community 

understanding and responses. 

Point 3 Limits and accuracy of information provided 

Decision makers need to understand how quickly a catchment can respond to heavy 

rainfall and heavier rainfall bursts within the storm, how quickly circumstances can change 

and understand the indicators of worsening situations.  

The effectiveness of the outcome of an emergency decision will depend on the capacity 

and capability of both the technical advice teams and the level of community awareness.  

If both have not been provided with sufficient resources well in advance of the emergency 

and been proactive, then their capability will be less than optimal (D'Arcy, 2001).  
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Decision makers also need to trust the accuracy of the hydrographic advice and 

understand how the advice is derived, the fundamental assumptions and the likely margin 

for error.  The degree of error will be largest in the early stages of a flood when the 

catchment conditions are unknown and forecasts of rain can only be modelled as 

forecasts, not as rain that has actually fallen. Keys and Cawood (2009) commented that 

some Bureau of Meteorology forecasts were conservative which could lead to distrust and 

recommended that such forecasts need to be accompanied by additional information to 

provide more meaning to the forecasts. Practitioners must gain the trust of the people 

they wish to influence over a long period of time (Morss et at, 2005) and unless that trust 

is gained, their inputs may be ignored 

Regardless of the accuracy of rainfall forecasts, there will always be some difference 

either between the magnitude and actual measurements and timing of flood rise and flood 

peaks forecast by flood models.  This difference is spoken off as ‘error’; it is a fact of life 

but is not always understood by those outside the business of flood management.  The 

word ‘error’ is emotive and the less emotive words ‘forecasting allowance’ are more 

appropriate.  If differences are not explained, or their impact accounted for in a credible 

manner, then it will affect the confidence of decision makers in the technical advice 

provided and their trust in future advice.  A strategy for dealing with these differences has 

to be developed before the onset of the flood emergency and that strategy must be 

explained to and understood by emergency managers and be included as part of the 

emergency risk management process. 

EMA’s Flood Warning Manual 21 (COA, 2009b) provides its Figure 3 to “illustrate and 

example of the trade-off between warning time and the level of accuracy that can be 

achieved …” 
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Figure 2.4 Trade-off between warning time and accuracy (EMA Manual 21, Figure 3) 

Figure 2.5 depicts the factors that determine the magnitude of error which is the 

difference between predicted, based on hydrologic and hydraulic modeling, and observed 

water levels. The depth of flooding and design freeboard (established ‘a long time ago’) 

determines the number of properties, dwellings and businesses affected by flooding and 

exposure to flood risk. 

Current flood forecasts are directly related to catchment hydrology and response and 

riverine and floodplain hydraulics. ‘Error’ is measured in terms of water levels, flow rates, 

forecast rates of rise and timing of flood peaks. 

With very steep rises in floodwaters, a time shift of one hour may make a difference of 

several hundred millimetres. The public’s and decision makers’ perceptions might be 

based on what happened a long time ago. Figure 2.5 outlines the factors which impact on 

hydraulic modelling accuracy.  The accuracy of a hydraulic model is dependent on the 

numerical representation of channels and structures, hydraulic roughness, and the 

upstream and downstream boundary conditions as represented by hydrologic and storm 

surge process modelling respectively (USACE 1995a,b,c, GCCC 1997).  

The accuracy of a hydraulic model will depend on the accuracy of the hydrologic model 

and forecasts of future rain which become input boundary conditions for a hydraulic 



 
 
 
 

 Page 46 

Thesis: Floodplain management Background 

model.  A reasonably accurate hydraulic model in a wide floodplain in south-east 

Queensland will provide forecast accuracies in the range of 50 mm to 100 mm, 

reasonably forecast rates of rise, but may be inaccurate for the time it suggests these 

peaks will occur.   
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Figure 2.5 - Modelling and forecasting errors 
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Guide 5 (COA, 2004d) does not consider the impact of uncertain advice to disaster 

managers and only makes suggestions regarding communication to the community.  It 

suggests the use of words like “may”, “probably” and “likely” to describe potential 

impacts (p.41).  However these can lead to warnings being ignored (the ‘cry wolf’ 

factor) by people at risk.  Nevertheless, should the potential for severe flood exist, then 

some warning has to be given so that people can prepare.  If the spread of flooding is 

rapid, residents may end up with insufficient warning time.  The majority of flood 

warnings relate to peak flood levels and rate of rise of flood water.  Very few warnings 

seem to relate to rate of spread over floodplains, which might be far more meaningful 

to the population. 

Improvements in modelling and forecasting techniques may change perceptions of 

flood behavior and these perceptions need to be conveyed to the community as soon 

as they can be validated. 

Point 4 Timeline response to evacuation 

Time pressures also affect decision making processes.  A chronology of the evacuation 

process from the first indicators of flooding to inundation was developed in New South 

Wales, which schematically describes the point at which rescue begins if the time 

needed to evacuate is longer than the time available as represented in Figure 2.6.  The 

figure also indicates that time must be provided for prediction error when estimating the 

time needed for evacuation.  These prediction errors can either be hydrologic in nature, 

or for warning delivery and evacuation.  Prediction error becomes part of the risk 

management process and must be considered an integral part of emergency analysis 

and planning. 

In Figure 2.6, initial time to is the point at which the first indicator of flooding is 

apparent.  Time P has to be allowed for calculation and prediction of inundation height.  

Response times R+W are needed by emergency managers to assimilate the 

information, and prepare and deliver warnings.  Time En is required for evacuation until 

time tc.  The gap between tc and tm is the headroom for error (which may be negative).  

If L is the time lost due to a transport route failure, then Ea is the net time available for 

evacuation.  The time between ti and tc is the rescue phase of the operation and Ea is 

less than En. 
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Figure 2.6 Emergency response timeline13 

In the warning delivery period between tw and te residents have to assimilate the 

warning, take whatever actions they can to protect property, prepare for evacuation 

and commence evacuation. As part of this process residents have to decide when it is 

necessary to evacuate their homes which may include for how long, and to what flood 

depth, would they consider remaining in their homes considering ambient climatic 

conditions. 

Parallel considerations by decision makers are under what conditions do flood 

management experts and disaster managers consider it necessary to warn people to 

evacuate voluntarily, and then at what point should evacuation be forced. 

Point 5 Evacuation burden 

Disaster warnings are issued to protect life and property, however in the early stages of 

an emergency, people tend to worry about their property first and the threats to 

personal safety are subjugated. The Victorian Government has a policy to protect 

property from bushfires in Victoria (O’Brien, 2006) by permitting property occupiers to 

stay and protect their property or flee. However in the February 2009 bushfires many 

people perished because they probably underestimated the ferocity of the fires 

(Teague et al 2010).  Probably one of the more complex issues for emergency 
                                                 
13 This figure appears in EMA’s Flood Preparedness Manual 20 as Figure 2 (COA, 2009a) 
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managers is the issue of evacuation advice.  Each decision maker will have their own 

diverse views on what constitutes a need to issue evacuation warnings, but they may 

not necessarily match the public’s view of when to evacuate. 

A disaster manager has a wider perspective than the community, with probably better 

knowledge of the flood situation but also has to schedule flood combat resources.  A 

decision makers’ view might be that evacuation is necessary when: 

• there is a increasing probability of high or medium hazard conditions depending 

on the hazard classifications 

• some or all the members of the community are vulnerable to the assessed risk 

• the duration of the event is such that an occupant would experience difficulties 

in maintaining healthy living conditions, and 

• the environment is likely to deteriorate to the extent such that rescue would be 

necessary in conditions that would pose undue risks for rescuers. 

An ‘evacuation burden has a number of elements: 

• the logistic burden associated with migration to safety (such as the volume of 

traffic, maintaining road and public safety, additional car parking, public order 

and security) 

• the proportion of people who require assistance in leaving their home and 

transport to an evacuation centre 

• the number of people who require and are provided with food, shelter, clothing, 

bedding and amenities for the duration they are away from their homes 

• the quantity of basic necessities, memorabilia, other items and pets brought 

with them 

Many of these can be estimated from demographic statistics using GIS but evacuation 

plans should be supported by community surveys to determine the likely mode of 

evacuation, the need for physical and medical assistance, traffic and transportation 

planning and the resources necessary for logistic support. 

The number of boats located in south-east Queensland also provides additional 

resource opportunities. A dedicated boating response coordinator could be an effective 

part of the SES response effort. 
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2.3 FLOODING FROM A RISK PERSPECTIVE 

The acceptance (or not) of a certain level of risk is inherent in a local authority’s 

established standard development conditions for flooding.  In Australia, the risk 

associated with floods of greater magnitude are handled as part of the emergency 

management process (COA, 1998a, p. 123), SCARM (2000), Handmer & Williams 

(2001). 

This fact is often not understood by communities whose expectations are that they are 

protected against flooding by the local authorities planning schemes and by completed 

publicly funded mitigation projects.   

The major principle of risk management is to reduce the level of risk to as low as 

reasonably possible, (the ALARP Principle) as indicated in Figure 2.7. 

 

Figure 2.7 ALARP Principle 

The Australian Risk Management Standard AS/NZS 4360:2004 has been superseded 

by the Australian Standard for Risk Management Principles and Guidelines AS/NZS 

ISO 31000:2009.  There are subtle changes in some of the definitions which may be 

intended to tighten risk management terminology and provide more focus on risk 

management.  For example, ‘risk’  is defined in ISO 31000:2009 as “the effect of 

uncertainty on objectives” compared to “the chance of something happening that will 

have an impact on objectives” in AS/NZS 4360:2004. The earlier code describes ‘risk’ 
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in terms of probability, whereas the latter refers to the effect of uncertainty, which 

seems a more elegant definition. 

The former Australian New Zealand Risk Management Standard (AS/NZS 4360:2004) 

suggested that risk arises out of uncertainty and the exposure to loss or gain, or 

physical damage, or injury, is a consequence of pursuing or not pursuing a course of 

action.  It has two elements: the likelihood of something happening (frequency) and the 

consequences if it does (magnitude and severity). The need for public inclusiveness is 

depicted on the left side of Figure 2.8, the risk management process. The former 

feedback loop is seen as an essential part of modern governance (Arnstein 1969) and 

should occur long before a flood emergency (D’Arcy 2001). 

 ‘Hazard’ and ‘threat’ (the language used in SCARM and the NSW Floodplain Manual) 

is not defined at all. ‘Hazard’ in AS/NZS 4360:2004 has been replaced by “Risk source: 

in ISO 31000:2009.  The terms “risk owner”, “risk profile” and “control” come to 

prominence in the latest code. 



 
 
 
 

 Page 53 

Thesis: Floodplain management Background 

 

Figure 2.8 Risk management process 

It is impossible to achieve a risk free world and risk management is about the 

identification of risks, deciding how serious they are and allocating resources to 

manage them (Handmer and Williams, 2001).  Risk is rarely eliminated and the 

remaining risk is called the residual risk.  The Standard requires that risk is managed 

and management requires rigorous, proactive and responsive thinking to identify and 

understand the risk, treat its cause and manage the residual risk.  To determine how 

great this residual risk should be, will be a trade-off between the resources available, 

susceptibility and resilience to hazards and the capability of the community.  It is for 

this reason that emergency and evacuation planning is of crucial importance.   
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The standard risk management approach can be adapted to flooding in the following 

manner as shown in Figure 2.9. 

 

Figure 2.9 Flooding from risk perspective 

In the above, once a flood risk has been identified, the three options available are to 

accept the risk, modify the risk or transfer the risk.  

Risk modification has the greatest potential to reduce the adverse impacts of flood 

hazard and damage. Structural measure can reduce the volume of floodwater passing 

through vulnerable areas or improve the conveyance rates. Non-structural measures 

are directed in two ways, through land use planning (behavioral modifications) or 

through emergency planning. Risk transference may not solve the community’s future 

problem unless land use is altered to reduce the exposure to floodwaters. Someone 

will still experience hardship, through higher insurance premiums or perhaps through 

personal loss and reductions in asset values.  

Assets that can be removed or protected within the home will depend on the likely 

depth of inundation, ability of the household to build platforms (strength, ingenuity and 

materials) and the time available. An at-risk householder is faced with a triage decision 

as to what could be removed, what could be protected and what can’t be protected. 
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These decisions have to be made in the context of future physical, emotional and 

financial assets, in both the short and long term.   

The response to minor or catastrophic events will take many forms depending on the 

seriousness, impact and the level and management of the response effort. These can 

be described in the following degrees of severity: 

• whether the event can be dealt with by flood 

routing procedures 

• whether the event can be managed by the 

group by diverting resources within the groups 

• whether the event requires a coordinated 

response from within the organization 

• whether the event requires external resources 

and specialist expertise within the normal 

operational parameters of the Control Agency 

(response agency e.g. police, fire, ambulance 

services) 

• whether the event requires a coordinated 

response at District level 

• whether the event requires a coordinated 

response from specialist resources from other 

States 

• whether the response requires financial and 

other assistance from the Federal 

Government 

• whether the response requires assistance 

from the armed forces 

Emergency Risk Management is defined by EMA (COA, 2004a) as 

a systematic process that produces a range of risk treatments that reduce the 

likelihood and consequences of events 

Emergency risk management can be directed at two levels: 

Disaster Management 
Act 2003 (Qld) 

↓ 

 

Disaster/Event 

 

↓ 

 

Major emergency 
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• events identified “by Emergency Response Managers while assessing risks to 

critical infrastructure as having extreme risk consequences” (COA, 2004c) 

• events of a lesser nature that do not require the declarations of a major incident 

as outlined in Queensland’s Disaster Management Act 2003. 

In the Australian context, the disaster continuum is depicted for the various response 

levels as shown in Figure 2.10. 

 

Figure 2.10 Disaster Continuum Response 

 

2.4 SUMMATION 
The factors that affect decision makers can be reduced if they are fully aware of their 

responsibilities, the legislative context and are knowledgeable about disaster 

management. 

A significant concern to decision makers is that warnings are delivered to communities 

that are generally uninformed.  Uninformed communities seek assistance from public 

services that are often unable to cope with demands. 

Emergency management in Australia conforms to an intergovernmental protocol with a 

hierarchy of control provided by legislation.  Flood warning information is provided by 

the Bureau of Meteorology and internal local government resources, if the local 
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authority is able to do so. Control in a flood emergency rests with a Disaster 

Management Group (DMG). 

There are several vulnerable communication pathways and opportunities for 

misleading information to disrupt organised flood defense activities.  There are barriers 

hindering communication between the different groups involved in the emergency, 

hydrologists and flood modellers, logistic specialists, service personnel, the Disaster 

Management Group, politicians, media and the communities at risk, which themselves 

have many sub-groupings and community networks.  

Communications between emergency managers and community networks should be 

enhanced where possible and any disrupters to effective communications removed or 

their effects diminished. 

What people do not understand they generally distrust, and distrust in one area often 

leads to distrust in other areas. This distrust hinders the acceptance of warning 

messages. 

Decision makers will be affected by time pressures, facts, perceptions of community 

resilience, feelings and their own psychological pressures. 

Decision makers need to be aware that the modelling systems that provide them with 

flood information are prone to error, with flood forecasts in a rapidly changing flood 

situation are unlikely to be accurate.  The degree of inaccuracy places stress on the 

hydrologists who are trying to make sense of potentially confusing numbers. That 

inaccuracy can also diminish the faith of decision makers in the advice they receive. 

Warnings to the community that contain words that reflect uncertainty are less likely to 

be heeded. 
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3 COMMUNITY VULNERABILITY 

This chapter examines the importance of community based involvement strategies to 

reduce risk, vulnerability and the adverse consequences of natural hazards. It pays 

particular attention to the need for effective public involvement and community 

development for emergency management and evacuation planning. It includes the 

elements outlined in red in Figure 1.2 below. 

 

Figure 1.2 Factors that affect decision makers 

Communities need to be aware of the risks they face and be educated in strategies 

they can follow if a serious flood should become threatening. This can only occur if 

local authorities are proactive in their awareness and participation programs. 

Community vulnerability can also be improved if structural and non-structural mitigation 

programs are implemented. The latter should include strengthening land use planning 

schemes, counter disaster planning and establishing operation plans. 

By reducing a community’s vulnerability and increasing its resilience, the flood 

emergency burden is diminished. 
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It needs to be understood that not all occupiers and users of flood prone land are at the 

same level of risk.  Floodplains, terrace landforms and intermediate slopes are affected 

by different flood magnitudes. Historic development patterns can result in varying 

patterns of residential and economic exposure.  

This has implications for the information requirements of different users and occupiers 

of the floodplain.  Those living at higher levels than forecast generally need not be 

concerned with the coming event unless they have a need to travel through 

floodwaters, their livelihoods might be at risk or they have obligations within the areas 

likely to be affected. 

However within populations are risk are diverse groups that reflect their individual 

vulnerabilities and resiliencies based and age, mobility, language, culture, ethnicity, 

awareness of flooding and associated hazards, training, education, relative ability to 

replace assets, cognitive and decision making abilities and the other myriad of 

classifications that can be used to classify the diverse nature of modern South East 

Queensland. 

It is obvious then that those who have the greatest risk of flooding should be provided 

with relevant information as soon as it possible to do so. Information provided must 

take into account not only the information needed regarding the oncoming threat, but 

done so in the context of the diverse nature of the community. 

 

3.1 EMERGENCY PLANNING 

Planning for emergencies involves three broad strategies: 

• to reduce the magnitude of the hazard (e.g. constructing physical barriers) 

• to reduce the exposure to the hazard, (e.g. changing land uses in susceptible 

areas) and 

• to reduce the impact upon those who will be exposed to the hazard, (e.g. by 

developing and implementing evacuation strategies. 

In the writer’s opinion, the last two require behavioural modifications that can best be 

achieved by seeking cooperation.  In essence, a desirable outcome will be a willing and 

effective response to a known and feared hazard.  This thesis postulates that the best 

way to achieve this is through public participation and community development.  
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Individuals need to respond as a community and provide feedback to those giving the 

message, particularly if the message was not understandable, clear or instructive.  This 

implies some sort of organised feedback system with sufficient capacity in the feedback 

loop to avoid congestion in the delivery or in the sorting of messages. (This is 

discussed in Chapter 4.3 with the feedback loop shown in Figure 4.1). Leaders not only 

must be trained and responsive to feedback; but the lines of communication between 

individuals and community leaders, and thence between community leaders and 

disaster managers must operate effectively.  The lines of communication must be both 

upward and downward.   

Dealing with risk can be viewed as a negotiation between a range of priorities, 

important social values and a responsibility to be shared between many stakeholders 

(Handmer & Williams, 2001).   

As stated in the introduction, social scientists consider disasters not only on their 

physical characteristics but on the basis of social disruption and define hazard as: 

some aspect of the physical environment that threatens the well-being of 

individuals and their society. (Nigg, 1996) 

These threats can be to the social, economic and political systems as well as to the 

built environment.   Nigg also suggests a disaster occurs: 

when the built and social environments are so disrupted that the resources of 

the social system are overwhelmed and the system is unable to meet the 

demands placed on it for goods and services that are routinely expected by its 

citizens. 

The perception of flood hazard and damage by riparian populations and decision 

makers is often neglected despite its importance for the outcome of flood mitigation 

activities (Krasovskaia et al 2002).  Also often neglected is the personal tragedy that 

accompanies and follows a disaster in undeveloped or developing countries. The writer 

contends that the social impact of flooding could be as equally important, as well as 

insufficient research being undertaken to quantify the social impacts of flooding into a 

measure (misery index), by which further floodplain management decisions are made.  
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Melbourne Water and the Victorian Government are researching the development of 

decision making framework where flooding is either “tolerable or intolerable”.14 This 

sentiment is matched by Li et al (2007) who state that flood impact assessments 

should include both technical and social assessments considering the resilience of the 

population, acceptable risk limits and the impacts of floods on society. Similarly, 

Recommendation 5 of Twigger-Ross (2005) refers to the examination of the social 

impact of flooding, and then Recommendation 6 is directed to the issues of low 

probability/high consequence flood risk areas and “understanding the values and 

perceptions of people … towards flood risk”. 

Twigger-Ross also found major social impacts were the loss of sentimental items and 

feelings that the home “had been violated”, with older people feeling a greater loss. The 

physical and psychological health effects were found to occur over three time periods:  

• immediate: such as death, injury, over exertion, electrocution, exposure to 

contaminants, event stress 

• medium term: gastrointestinal illness, cardiovascular from over-exertion during 

clean-up, skin injury and contact disease, respiratory and carbon monoxide 

poisoning 

• longer term: mostly psychological. 

Most of these have been found difficult to quantify (DOE UK 2000). 

Twigger-Ross noted people forced to live elsewhere found it difficult to execute repairs 

and maintain normal routines as well as experiencing losses of privacy in shared 

facilities. Workmen with the skills needed become difficult to find. The report also found 

communities could lose cohesion, particularly if the social centre became unusable or 

community leaders were also forced to leave their homes. Similar findings were made 

after 2005 flooding in north west England (Carroll et al, 2010). 

Given the trauma, medical issues, economic impacts, and ongoing post traumatic 

stress disorders of those who have experienced flooding (and future impacts on 

earnings and personal wealth), it is apparent that investments in mitigation works 

based on vicarious experiences of flooding may not be sufficiently meaningful or 

appropriate. If the question of what is ‘tolerable’ and what is ‘intolerable’ is attempted to 

be answered without community engagement, then the judgment may be flawed. 

                                                 
14 Melbourne Water, “Port Phillip and Westernport Region Flood Management and Drainage Strategy” 
downloaded from www.conferenceworld.com.au/resources/other/Bruce%Rush%20paper%201.pdf 
21/10/10. 
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In Australia, flood damage is generally expressed in economic terms (direct and 

indirect costs, BTE 2001); social impacts are noted but not quantified; and 

environmental impacts are generally considered advantageous or benign.  However 

flood mitigation works benefit-cost ratios are based solely on the direct and indirect 

costs of flooding.  If the social impacts were weighted (perhaps equally), the 

investments in flood alleviation are likely to be higher. 

The writer developed a social impact assessment model (Betts et al, 2003, Appendix 

A) for a decision support system to assess the comparative impacts of flooding 

different populated detention basins along the Yangtze River in China. The social 

impacts index procedure was developed using a similar methodology to flood damage 

assessments.  Elements of human activity were listed, demographic ratios developed 

and a subjective ‘social weighting’ applied.  The scores for each basin were totalled to 

achieve a relative impact index that could be compared with other basins.  The ‘social 

weighting’ was based on a subjective assessment of the relative importance to the 

community, and of the various age groups and activities that make up the social fabric 

of those communities.  This assessment considered how each person might feel if a 

family member died or was injured, or if they were evacuated, their homes flooded, or 

jobs lost and relative emotional security based on age.  Although highly subjective, it 

was assumed that if the methodology was applied consistently, then relative social 

indices could be compared. 

3.2 PUBLIC INVOLVEMENT 

Public involvement in risk management occurs when an entity, usually government or 

other organisation (separately or together), is engaged with the community at risk to 

achieve a reduction in vulnerability to a hazard.  It is a fundamental part of the risk 

management process as depicted in Figure 2.8.   

This engagement allows participation and input with the goal of producing a plan that 

represents the collective will and consensus of the community.  There are different 

methods of citizen participation and different levels of involvement as best described by 

Arnstein’s (1969) “A ladder of citizen participation”.   But citizen participation is only 

useful if it will help a community achieve the results it wants (Kelly & Becker, 2000).  

3.2.1 The need for inclusiveness 

Hazard identification work and modern emergency planning in Australia emphasises 

inclusive processes, particularly in NSW.  Work by Gold Coast City Council has 
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recognised the need for inclusiveness and it embarked upon a public participation 

process (Betts 2001, D’Arcy 2001).   Faupal and Kartez (1996) argue that public 

education about hazards must be emphasized in emergency management. The title of 

Chapter 6 of EMA Manual 20 Flood Preparedness (COA 2009) is “Using Education to 

Increase Community Resilience to Flooding”. 

The need for public awareness and consultation programs in disaster planning and 

management is often taken to be axiomatic without evidence that a need exists.  This 

issue was considered at Gold Coast City Council in recent years where flooding has a 

high political profile (Betts, 2001).  Despite this profile, the Gold Coast public’s 

awareness of the risk of flooding (where flooding is infrequent) was thought to be low.  

To prove this point, a survey was undertaken of 503 residents, 403 of whom live in the 

Nerang River’s floodplains and canal estates as well as 51 businesses across the 

entire Nerang River catchment.  The associated media release also generated a 

degree of interest in the project.  A Council report (GCCC C01.1026.003) found that: 

• Approximately half of the respondents have no personal experience of flood at 

all.  Residents’ most recent flood experiences tended to be over five years ago. 

• More than half of the respondents believe their area has no history of flooding 

and almost two thirds believe it is unlikely to flood. 

• Almost half of the respondents have not suggested any actions they could take 

to prepare for a flood as they don’t believe they face the risk of being flooded.  

A further 20% stated they simply do not know what to do. 

• Four in ten residents believe that a major flood would result in excess of 

$40,000 damage and seven in ten believe it would be difficult to financially 

survive a major flood. 

• Two in three respondents are not aware of any action Council has taken to 

address flood hazard and risk.  Awareness was mainly limited to physical 

measures such as drainage and dams, flood studies and planning codes. 

• Respondents would prefer to receive flood information and advice with their 

rates notice or through a newsletter / letterbox drop.” 

• A substantial proportion of respondents would require assistance from 

organizations if faced with a flood emergency and residents would tend to 

contact the SES rather than Council in that instance. 

If this is the situation in a series of suburbs having a well-educated middle class 

population, in a comparatively wealthy city where at the time flooding had a high 
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political profile, then one can but wonder if populations who do not have such 

advantages are similarly aware. 

Training people for emergencies is essentially about encouraging a change in 

behaviour so that when threatening situations arise, people respond in an orderly and 

safe manner.  Enders (2001) writes that when individuals are exposed to emergency 

information they become ‘consumers’ of that information, “exercising a right to choose” 

it or not.  “There are many factors involved in that choice and include the credibility of 

the communication and personal factors such as age, intelligence, gender, self esteem, 

level of active participation and incentives for participation” (Enders quoting Mulilis 

1998). 

3.2.2 Citizen Involvement 

For a community to fully participate, it must not only understand the context of the area 

into which it is drawn, but be able to meaningfully contribute to the engagement.  This 

implies a willingness to be engaged in something it may or not may understand.  That 

understanding will only come with awareness programs, education and mentoring. 

Among the many components of safety is a requirement that individuals and their 

communities become aware of the risks to which they are exposed and can take 

actions or are prepared for those emergencies (Enders 2001, Cottrell 2005)).  The 

objective of preparedness is to reduce the adverse impacts if risks become dangerous 

and an emergency arises.  Enders claims there is comparatively little information on 

awareness and preparedness of communities for emergencies and suggests three 

research questions: 

• How aware is the community of emergency risks? 

• What steps have members of the community taken to maximise their safety? 

• How confident do they feel about emergency actions? 

Enders suggests that collecting data on these questions may lead to an ability to 

predict how people will respond during emergencies.  She also attaches to the paper a 

list of factors and data items that might be used in a questionnaire to determine the 

awareness and preparedness for an emergency. 

Burby states that “by making the right choices about citizen involvement in mitigation 

planning, emergency managers can build an informed constituency for mitigation …”.  

Lowry et al (1997) note a number of barriers to an effective involvement process 
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including resources and suggests that the emphasis should be on problem solving 

rather than education.  This comment might hold in western countries with high levels 

of education and an awareness of participation levels, but may not be able to be 

translated to undeveloped countries. 

Objectives 

Lowry et al (1997) cite Burke (1968) who noted that citizen involvement efforts often fail 

to meet expectations because objectives are not formulated.  He suggested political 

objectives should include: 

1. Complying with state government requirements regarding due process and 

citizen opportunities to voice their opinions about government proposals. (This 

is difficult where no such requirements exist). 

2. Educating and informing citizens about hazards and ways of dealing with 

particular hazard problems. 

3. Tapping citizens’ knowledge of and experience with hazards as a supplement to 

technical studies. 

4. Learning about citizen preferences for courses of action to deal with hazards. 

5. Mobilising an active constituency of citizens who would support programs and 

policies proposed in hazard mitigation plans. 

6. Fostering citizen influence in hazard mitigation decision making through a 

collaborative planning process. 

These objectives are ideal for our own society where there is general support for such 

actions from various sections of government. Secondly, the concept of public 

participation as espoused above may be novel in some communities and needs to be 

dealt with sensitively.   

The next stage is to consider the level at which consultation should be aimed.  The 

level at which direct involvement can take place will depend on the level of 

sophistication of the community about to become involved (Arnstein, 1969).  In 

developed countries, the potential exists to enter the public’s involvement at a higher 

rung. 

In more unsophisticated communities, a successful program may need to start at a 

more basic level and through mentoring, gradually increase the participation rate and 

level of involvement.  However, if the entry level is too low it may be seen as 

paternalistic and lead to resentment.  If the level is too high, the message may not be 
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understood.  Therefore it is important to attain a level of understanding of the social 

structure, its education level, leadership and communication modes.  With that 

understanding, it may be possible to structure a series of messages to ‘develop’ the 

community over time. 

Existing public perception and knowledge may be different.  Perceptions have to be 

changed and knowledge improved through education, training and practice.   It is 

important that the community does not become too reliant on the organization, as it 

may not be able to lift itself to a self sustaining level and cooperative interactive 

engagement with the organisation.  It is my view that when preparing for an emergency 

situation, the teaching of knowledge and practice should be extended to develop 

leaders within the community, who are then able to teach, explain and mentor their own 

people.   

There must be clear beneficial outcomes for the community, together with explanations 

of why the invitation to participate is being made.  These should include the motives of 

the initiating organisation.  For governments and aid agencies, the motive is usually the 

public good, which the public accepts as an outcome of good governance.  The 

motives of companies and private organisations that have determined they are at risk 

are usually those of self-protection: e.g. avoidance or reduction of liability; protection of 

its good name for other markets; generation of good will and advertising to increase 

turnover.  However, this openness can come at a price:  the disclosure that a risk exists 

(which may or may not have been suspected previously).   

It is fundamental in Western democracies that people have a right to participate in their 

development: from the election of people to represent them in parliament; to being able 

to discuss issues with public servants; to coordinate and gather views and concerns 

within local groups and bring those to people who may have sufficient influence to 

make the necessary changes.  However one fundamental challenge is how to reach 

marginalised social or different ethnic groups within modern Australia. 

Given such a scenario, how can Western participative processes be adapted in 

diametrically opposite cultures?  Sandercock, (1998), comments that in some instances 

the processes may be more important than the outcome.  But she also comments that 

it cannot be taken as self evident that public participation is a “good thing”.  

Nevertheless people want to be informed, they want the opportunity to improve their 

situation and importantly, they want both security and in the case of marginalised 

women, a stake in an adopted culture. 
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Once the community understands and considers its options, it is more than likely to 

examine the practices of the government or organisation that initiated the dialogue.  

When this happens, the government or the organisation must be responsive and 

demonstrate its willingness to consider the offered suggestions.  Trust will develop 

when the organisation explains its view on why it can or can’t adopt the suggestion.  If 

the organisation can implement a risk reduction measure within its own jurisdiction, 

everybody benefits. 

There is also an obligation on the organisation that issued the invitation to participate, 

to be willing to provide the initial resources to inform the community of its intentions.  

These intentions should clearly be stated, accompanied by assurances of good faith 

and a willingness to accept contributions and suggestions from the community with 

which it is engaged.  Unless these are clearly stated and continuously reinforced by 

demonstrated acts of openness, it is unlikely that sufficient trust will build. 

The concerns of male members of marginalised societies who might wish to see 

improvement (but fear loss of control, personal power and retribution) also must be 

taken into account.  Participation is not an easy process and unless understandings are 

reached, it will be difficult to implement the participation process, let alone achieve the 

prime objectives of emergency and evacuation planning. 

The report prepared by Grant (1997) outlines the objectives and outcomes of a 

workshop that dealt with the social issues of a flood in the Red River Basin in Canada.  

Many of the conclusions drawn at that workshop are also relevant to undeveloped 

countries and should be considered for inclusion in any awareness program. 

• Forecasting information must be made available to the public (i.e. how the 

public can gain and understand the message). 

• Structures need to be established to determine who needs information and how 

it can be supplied. 

• Information is needed before a flood on how to prepare for and recover from a 

flood. 

• A “trusted voice” is needed to convey information to the public in an emergency. 

• Community leaders should be identified and engaged in activities to assist in 

recovery, resettlement and future disaster planning. 

• Residents must have consistent information regarding evacuation and 

evacuation alerts. 
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• Procedures are needed to help track individuals who have been evacuated, (to 

help restore the sense of community later). 

• Health care and social workers involved in the emergency need debriefing (and 

counselling). 

• Post flood disaster analysis is essential so that lessons might be learned and 

used in future avoidance strategies. 

These understandings have to occur at many levels: those in power have the 

opportunity to build a consensus driven support base (Burby, 2001) and the community 

will reduce its exposure to risk and hazard.  Both the power brokers and community will 

understand the technical nature of their hazard and if they work together, desired 

objectives will become outcomes.  This understanding will only come through trust. 

Trust 

Trust by the community of decision makers and floodplain managers is essential. 

Without trust there can be no meaningful dialogue; and without meaningful dialogue it 

is unlikely there will be results of significant benefit.  The writer believes that people, 

individually and collectively, are generally willing to accept new ideas and challenges, 

providing that they are not confrontational and are presented openly.  If the openness 

does not become apparent early, then individuals will become wary and may refuse the 

invitation and/or challenge. 

Some of the major difficulties that need to be taken into account are the social mores of 

perhaps rigid paternalistic or religious sub-societies within Australian communities, 

where community development for the female population can be barred.  It is also 

possible that power brokers are ruled by tradition and ego and may be reluctant and 

unwilling to accept new ideas or engagement by outsiders.  In such situations, 

development of trust is paramount. 

So as a first step in conducting a public participation process, approval and consent of 

government must be obtained to establish programs at several levels: 

• the community to be advised that a process is about to commence,  

• that the process has the approval and support of government; and that 

• it is intended to gain community insights into measures on how to alleviate the 

adverse consequences of a hazard occurring, how the process might be 

achieved, and when. 
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Those conducting the program, where culturally possible, should represent the 

interests of those who are not adequately represented in the existing structure of power 

and communication within a community.  Participation techniques should be selected to 

encourage the under-represented members of communities to express their views.  

Sandercock (1998) does urge caution, warning that other case studies suggest the 

more sophisticated and complex the techniques, the greater the personal skills needed 

to participate, the less likely the under-represented will be involved.  In other words, 

simple processes and explanations reach a greater audience and are easier to realise. 

One of the primary steps in flood management processes should be not only to define 

the hazard, but also the extent of the vulnerability which has to be transformed into 

different levels of risk (Arambapolo, 2002).  In his paper, the author explains flood 

mitigation procedures adopted in different socio-cultural settings and believes these 

can be implemented across different cultures without much difficulty.  Pilot projects 

took a three-tiered approach: 

• demonstration of appropriate disaster mitigation practices in selected cities; 

• dissemination of information; and 

• enhancing the capacity of stakeholders through training and education. 

The simplicity of this approach exemplifies the methodology by which groups can be 

encouraged and empowered to take on new roles, i.e. 

• show what others have done which implies that if others can, you can; 

• show how it can be done, building trust and confidence; and 

• training and educating how to teach others. 

 

3.3 FLOOD AWARENESS AND PUBLIC EDUCATION 
PROGRAMS 

Traditional methods of coping with the threat of a natural disaster are generally 

grouped under three major headings: control of the event itself, control of human 

settlement patterns and response modification (BTRE 2001 p xiii).  However, further 

emphasis needs to be placed on addressing the aspects of human behaviour during a 

flood emergency,  

Flood awareness and public education programs are required to enhance the ability of 

a community to reduce flood damage during the continuum from the onset of severe 
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weather to the evacuation of affected residents. The most single important aspect in 

reducing overall flood damage and impact is considered to be an informed and 

educated community. Comprehensive community consultation and participation 

processes are a crucial part of the education process, to prepare the community to 

understand warning messages and act responsibly, quickly and efficiently to minimise 

overall losses and the adverse impacts of a flood emergency. 

Communication cannot occur until there is a shared experience or a shared point of 

reference between the community and disaster managers. The community will not 

react unless they understand the language in which warnings are couched and 

paradigms are available or have been created through interaction between the 

community and disaster managers. 

It is postulated that flood damage and the adverse impacts of flooding can be 

minimized, if both the givers of flood warnings and recipients of those warnings are 

aware of the risks faced, and each understands the socio-psychological processes 

faced by the community as a flood emergency develops.  These are examined during 

the emergency continuum from the onset of severe weather to the possible evacuation 

of affected residents.  

Flood warnings are issued on behalf of emergency managers that have to be 

assimilated and acted upon by the community.  If the warnings are not effective, 

resulting flood damage could be much higher than if the community had acted quickly 

and effectively (refer work by Reed-Sturgess in Ch 6.3.)  There are barriers to the 

understanding of flood warnings and many reasons why people don’t respond as 

expected.  These include cognitive processes and the inability of the community to 

understand and logically process the information. 

Strategies need to be prepared for community awareness and public education 

programs that will hopefully prepare the community to understand warning messages 

and act responsibly, quickly and efficiently to minimise overall losses and the adverse 

impacts of flooding. One such model was developed by Gold Coast Council in 2001 

(Figure 3.2) as it was preparing to establish a Community Advisory Committee (Qld 

1993). The Advisory Committee had to consider and recommend which physical flood 

mitigation measures from those investigated were to be recommended to Council for 

construction. The model developed sought to provide information on the mitigation 

options, determine the community’s preferences, assess the impacts on the community 
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(verification that the messages had been understood and that community behaviour 

might be modified, which would then feed back to the Advisory Committee).  

 

Figure 3.2 GCCC Community consultation model (Source GCCC, c. 2002) 

The preferred flood mitigation measure was to raise a water supply dam with improved 

mitigation capability. However, another imperative to the raising of Hinze Dam on the 

Nerang River was water security (during a severe drought).  This complicated the 

debate. There was no question that the dam should be raised, but for what primary 

purpose: water security or flood mitigation?  The dam was raised with flood mitigation 

as a major element of the Environmental Impact Statement based on the social and 

environmental benefits (GCCC, 2007a). 

Development of a flood crisis 

A flood crisis develops in a particular sequence.  Rain falls on a catchment by an 

amount that exceeds a flood condition threshold.  In South-East Queensland 

communities, where the lower part of the catchment is populated and at risk from 

flooding, a flood watch is initiated.  The amount of rain that would cause a flood will 

vary according to the characteristics of the catchment (type and condition of vegetation, 

catchment area and slope, number of watercourses and water content of the 

catchment) and antecedent conditions (rainfall, temperature, humidity and wind).  As a 

river rises, it can reach a “trigger” level at which point a counter disaster centre is 

established.  The key information requirements for the disaster centre decision makers 
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are accurate forecasts of not only rainfall, but the rate of rise of floodwater, likely 

inundation areas and the time that inundation is likely to occur.  Particular attention is 

paid to escape routes and flood control options. 

Predicting inundation locations and the likely time of flooding is difficult due to the 

uncertainties of the imprecise fields of hydrology and river hydraulics.  This poses 

special difficulties for decision makers and those who prepare flood warnings.  The 

lead time before flooding can also vary from as little as one or two hours to several 

months, depending on the distance from and areal extent of the rain, length of the river 

and size of the catchment. 

Phases of Disaster 

SAMHSA (2003) report that community and individual responses change during a 

disaster depending upon which phase of the disaster they are currently in.  These 

phases are: 

• warning or threat phase 

• impact phase 

• rescue or heroic phase 

• remedy or honeymoon phase 

• inventory phase 

• disillusionment phase and  

• reconstruction or recovery phase 

 

Flood damage to contents, fixtures and fittings 

Experience has shown the locations of the contents of one home are remarkably 

similar to others (pers. comm. Doug Whelan, Water Studies 2001).  A summary by 

Blong (Smith &Handmer 2002 pp175-199) indicates that most damage to residential 

property occurs to goods below one metre above floor level in bedrooms, lounge and 

kitchen.  It is these rooms where most valuable are stored.  Within garages many 

valuable items are stored at or near ground level (Water Studies, 1997).  Most likely 

there will be a motor vehicle and motor mower in the garage, although durable tools will 

be mounted on a wall.  Electrical items such as drills, sanders, and other items with 

electric motors will be located in a cupboard – perhaps on a lower shelf due to their 

weight.  The lighter and probably cheaper items will be located on high shelving. 
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How much of this can be saved by removing from site, raising to a higher level or 

otherwise protected against flooding or theft depends on the: 

• warning time 

• rate of flood rise 

• depth of flooding 

• number of people in a house who can help and their physical strength 

• means to transport good to safety 

• availability of materials to construct platforms on which to place possessions; 

and the 

• number of friends that residents can call upon for help. 

The seemingly best scenario is when owners can uplift the contents of a house (which 

can cost $2,000 or more).  It can take two experienced removalists up to one day to 

pack and load a pantechnicon.  Loading itself can take four hours and presupposes 

that removal assistance is available and there is a place to store the contents.  Floor 

coverings, drapes and fittings may be left behind and they and the fabric of the building 

have to suffer the flood.  This also presupposes that an owner is lucky enough to find 

an available removalist and have the lead time to accomplish the uplift.  Such lead 

times (perhaps weeks) are only available in slowly rising streams in large catchments.  

In smaller catchments, it may well be the removalist is busy protecting his own 

property, rather than being available for normal commercial activity. 

Faced with a flood that will inundate their home, people will be faced with decisions of 

what to try and save and what is needed for evacuation, particularly when lead time 

may be as short as an hour or two. 

Householder decisions 

Once a warning has been assimilated and a decision made to act, householders have 

to consider many matters: 

• How to classify and sort their physical, emotional and financial assets: 

o what should be removed from the danger? 

o what can be left within the home but raised to a level that the 

householder believes might be safe from encroaching floodwaters? and 



 
 
 
 

 Page 74 

Thesis: Floodplain management Community 
vulnerability 

o what cannot be saved or protected? 

• If the householder has built up a relationship with a neighbour who might be 

infirm, aged or otherwise unable to take care of their own property, how much 

effort should the householder provide or devote to the neighbour? 

• If the householder has nearby relatives facing the same hazard at the same 

time, how much effort should be provided to relatives, and should assistance be 

given to immediate neighbours or to the relative? 

• If the householder is a member of an emergency organisation, should he/she 

respond to a call from the organisation or see to his/her own affairs first?15 

• If a group of neighbours call seeking assistance to join them to help the aged or 

infirm neighbour, should the householder heed the call? 

These decisions will depend on what is important to that homeowner, whether their 

immediate priority is physical, emotional or financial survival.  The ability to make these 

types of decision can be aided by an awareness and education process.  Once this 

ability is gained, community resilience is enhanced. 

Building community resilience 

Buckle (2000) believes there is a limited understanding in the community of resilience 

and this often constrains the “effective practice of emergency management”.  

Resilience has been defined (EMA), as  

a measure of how quickly a system recovers from failures. 

Buckle further explains resilience as: 

the capacity, in the first place, to prevent or mitigate losses and then, secondly, 

if damage does occur maintain living conditions as far as possible, and thirdly, 

to manage recovery from the impact. 

The paper then lists a series of elements that support resilience: 

• shared community values, aspirations and goals 

• established social infrastructure 

• positive social and economic trends 

• sustainability of social and economic life 

                                                 
15 Standing instructions by previous employers are that those engaged in emergency response activities 
should ensure their own family and property are safe before they respond to their wide community 
obligations.  This takes away much of the emotional burden and potential guilt and allows workers to 
concentrate on the emergency without having the distractions of home and family. 
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• partnerships, (between agencies, community groups, commercial 

enterprises) 

• communities of interest 

• established networks 

• resources and skills. 

The Canadian Government (Hestra et al 2004) came to similar conclusions in which 

they stated that flood losses could be reduced by an investment in building resilience.  

Listed within a number of measures were the promotion of individual and community 

self sufficiency, responsibility and enhancing community livelihood. 

Gissing et al (c2009) expressed their concern that residents usually had little or no 

flood experience and reiterated earlier findings (Gissing et al 2008) that information 

systems were not performing well enough. The Victorian Bushfire Royal Commission 

found community education, preparedness and warning systems were part of a chain 

in the response process (Teague et al 2010). 

3.3.1 Conveying the message 

There is a need to understand the process by which people receive warnings so 

warnings can be prepared, issued and understood in a manner that will effectively 

minimise reaction time, thereby increasing the time available for damage mitigation 

measures.  

Consideration also has to be given to the size of the potentially flood affected 

community, and those who are vulnerable as a consequence of a loss of “lifelines” 

(critical infrastructure). The number of people who need to be given advice will dictate 

the types of communication and detail that can be given in the time available. 

There is greater opportunity in a smaller community of reaching all residents by direct 

contact, such as door to door warning by police, or SES or by an organised community 

flood watch network as was done for Logan City some years ago (pers. comm. L. 

Kaminos, then at Queensland’s Logan City Council). The information can be in more 

detail, pertinent to the recipient, and people with a sense of community will pass 

messages to their neighbours. 

In cities the prime means of communication is the mass media, being mainly radio and 

television.  In fact, at the onset of cyclone emergencies, residents are asked to listen to 

the radio and have battery radio backup. Newspapers can provide expanded 
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information if there is time to do so. Until broadband systems are more advanced and 

the take up of internet is close to universal, internet based warning systems may be 

problematic and will depend on the available bandwidth to servers and the capacity of 

the server software systems. However there is scope to develop a public query website 

where a resident can enter a property address and relevant current flood information 

and instructions are provided. 

Whilst the mass media has the resources to provide large amounts of detailed 

information, there is a great risk that it will not be meaningful to those watching and 

seeking advice for their own personal situation. 

Warning messages themselves must exhibit certain characteristics if they are to be 

understood, accepted and acted upon.  These characteristics (Mileti 1995) include: 

1. The source of information must be credible, reliable and endorsed by a mix of 

professionals and organisations respected in the flood emergency or disaster 

field.  (Personal experience has shown that credibility by flood professionals 

can be compromised if the disaster has been preceded by an acrimonious 

public debate about the severity of a flood problem). 

2. The warning messages must be consistent so that subsequent messages 

reinforce earlier information. 

3. Messages must be accurate.  Inaccurate messages are misleading, beyond 

duty of care requirements and can engender a state of distrust for subsequent 

messages. 

4. They must be worded clearly so they can be easily understood.  People need to 

know what is happening and what they should do about it. 

5. The messages must be certain and delivered in a tone as if the person 

delivering the message believes the message.  If messages are certain, 

decisions to respond are more likely (Mileti 1995). 

6. The public needs sufficient information so that they know what is happening.  

Too much information can lead to information overload.  Insufficient information 

can cause anxiety, confusion and uncertainty. 

7. People need clear guidance and specific information regarding what they 

should do next and when and where to do it.  If the message concerns 

evacuation, it should indicate the route and destination. 

8. Mileti states the number of times the warning message is delivered affects 

hearing, understanding, believing, and deciding and is thus important at most 

stages of response. 
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9. The warning message should clearly state where the risk is coming from, the 

direction it will take, which areas will be at risk and when, so that people can 

determine if the warning applies to them. 

10. Warnings delivered over multiple channels have been shown to enhance 

hearing, understanding, belief and response. 

Research in the UK determined that “people cannot be treated as one target in reality 

as they are made up of many different groups with different perspectives” (Richardson 

et al 2003). Accordingly messages must be targeted to those in immediate need. 

These attributes are similar to those espoused by Keys & Cawood (2009) who added 

the additional dimension of relevance to a local community and what warnings mean in 

a local context.  

Receiving public warnings 

Mileti (1995) also makes the case that effective public warnings must provide for public 

interaction and foster searches for additional information as well as to receive 

warnings.  He points out those low-probability/high consequences disasters, of 

whatever type, cause similar social psychological processes that direct public 

response.  Mileti believes that public warning response is a social process and that 

public reactions to warnings are typically not characterised by stimulus response 

models.  People go through a common process before they take protective action as 

outlined in Mileti’s paper: 

• hearing a warning 

• forming a personal understanding of what was meant by the warning 

• developing a level of belief in the risk information conveyed in the warning 

• personalising the risk or perceiving it to be someone else’s problem and 

• deciding what if anything to do, responding in ways thought to be appropriate 

for the risk personally faced. 

These process stages imply that a corresponding series of public awareness and 

education steps need to be undertaken before a flood emergency event. 

1. Preparing the public for the receipt of warnings by informing them that they live 

in a flood prone area. 

2. Educating the public, so that they will understand any warnings issued without 

doubt as to what the warning will mean, in accordance with a clearly understood 

frame of reference. 
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3. Advising the public that any such warning messages will be real. 

4. Educating the public as to their level of risk so that they will quickly determine 

the relevance of the message to them personally but in a manner that will avoid 

under or over response. 

5. Educating the public on how to prepare contingent response plans. 

The above frames of reference must be local, and education processes must be 

delivered in different forms so that individuals can relate messages to their own 

perceptions and understanding of risk (Richardson et al 2003). 

How people make decisions 

Mileti (1995) also cited a number of authors that had researched the factors that 

influence public response.  These factors include environment (belief that a flood will 

come on a sunny day); social setting (family interaction and discussion); social ties 

(family cohesion increases the likelihood of evacuation); psychological abilities 

(including cognitive, personality, or attitudes); and pre warning perceptions.  The latter 

enables people to filter information to conform to existing views. 

There is a need to understand how people make decisions under stress, not only the 

people who prepare warning messages, but also those who will receive them.  

Twigger-Ross (2005) noted those over 50 and living alone experienced more difficulty 

coping than others as they often lacked opportunities to share concerns. More research 

is needed on how the more vulnerable demographic groups make decisions. 

There is a common theme in each of the above cognitive processes: people reacting to 

stimuli having limited and inadequate knowledge or experience. 

3.3.2 Public education and awareness strategy  

It was postulated earlier that a prepared community is one of the most importance 

factors in minimising flood damage and the adverse impacts of flooding.  The writer 

believes that a community can become prepared even if it has had no direct flood 

exposure or recent flood experience by a public education and awareness strategy that 

attempts to ensure that the community is prepared to receive and understand 

warnings.  This assumes that the responsibly for providing large scale programs is 

accepted by local or state government sponsored organisations for many reasons.  It 

can be argued that governments, whether they are local or state, have a responsibility 

and duty or care to the community, and the improbability of non government 

organisations having the motivation, resources and purview for such a task. 
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Possible Overall Strategy 
In the writer’s view and experience there are several stages in this process.  Many of 

the following were documented on Gold Coast City Council’s website 

http://www.goldcoast.qld.gov.au/t_std2.asp?PID=329. 

1. A community leader or authority figure that the community respects and trusts 

should lead the process.  That person may be an elected or political leader, an 

eminent person (perhaps retired), recognised and noted for his/her respected 

professional background (judge, professor, army general, etc.)   In 2002, Gold 

Coast City Council appointed a former judge as Chair of the Nerang River Flood 

Mitigation Advisory Committee.  

2. Educate and train that person in the process objectives, technical matters of 

relevance, provide administrative support and obtain the authority from the local 

flood authority for the eminent person to make public comments and offer 

opinions.   (This is often difficult due to opposing political positions and the 

history of public arguments, as evidenced by newspaper reports a few years 

ago regarding the Nerang River floodplain debate, and more recently (about 

2005) the Brisbane Courier Mail reports on the design flood flow of the Brisbane 

River). 

3. Build further trust by having that person make pronouncements on the potential 

flood situation that are seen to be accurate, timely and of value to the 

community.  Such statements should be supported where possible by 

comments from adversarial quarters. 

4. The eminent spokesperson, in conjunction with civic leaders, should then 

advise the community that a public education and flood awareness program will 

commence and state the objectives and time-frames.   

5. As part of this program there needs to be a two way dialogue (D’Arcy 2001). 

• Firstly, information gathering to ascertain the communities perceptions, 

views, knowledge and most importantly, determine what the community 

thinks it needs to know about the flood potential, what is happening, and 

how it would like flood warnings issued.   Many of these perceptions will 

be incorrect and need to be considered when tailoring the education 

program.   Also, there will be many questions asked for which the answers 

are not or cannot be known.   

• Secondly, design the education process and program to suit the 

knowledge gaps and correct incorrect perceptions within the community. 
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6. The two-way dialogue must be documented as far as possible within the 

bounds of probity to ensure that questions from members of the public are 

responded to in a clear, logical and affirming approach in a timely manner.  This 

will affirm to the member of the public who asked the question that he/she is 

being taken seriously and the process is seen to be fair and responsible.  This 

affirmation is likely to be conveyed to friends and neighbours who in turn will 

respond favourably to the wider process. 

7. Further research, studies and information gathering will be necessary to answer 

questions from the public and it is necessary to ensure there are adequate time 

and financial budgets for such tasks.  Unfortunately these education and 

awareness programs and public questions can be a drain on a limited budget 

and standard responses should be prepared.  Consistent prompt replies will be 

beneficial to the process. 

8. It is also possible to use community task force workshops, focus groups and 

public meetings as part of the overall community education process as both 

information gathering and information disbursing sessions.  In some cases, to 

obtain sensible responses to questions, the context has to be explained first. 

The above will not suit all situations and each program will have to be tailored to the 

nature of the risk area.  Obviously in smaller, tightly knit communities, less attention 

may be required in the matter of trust and community acceptance of civic leaders.  Also 

the nature of the education program will depend very largely on individual and 

community experience and knowledge of flooding. 

It is important that people have the ability to perceive their vulnerability (OCIPEP, 2001) 

and therefore education and outreach are vital aspects of informing the general public, 

businesses and government officials of their need for flood information.  Householders 

need to know what steps they can take to minimise their own flood damage. 

To respond as a community 

Individuals need to respond as a community and provide feedback to those giving the 

message particularly if the message was not understandable, clear or instructive.  This 

implies a need to establish an organised feedback system having sufficient capacity in 

the feedback loop to avoid congestion in the delivery or in the sorting of messages.  

Leaders not only must be trained and be responsive to feedback; but the lines of 

communication between individuals and community leaders, and thence between 

community leaders and disaster managers must operate effectively.  The lines of 

communication must progress both upward and downward. 
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3.4 SUMMATION 
Community based involvement strategies to reduce risk and vulnerability should also 

be accompanied by strategies to improve resilience. These strategies must be based 

on rigorous emergency plans that follow a methodology embracing inclusiveness. 

Other conclusions drawn from the chapter are set out below. 

• For emergency planning and evacuation to be successful, communities have to 

be aware of potential disaster and be prepared to react promptly to minimise 

their own personal exposure and potential losses. 

• A prepared community is one of the most important factors in minimising flood 

damage and the adverse impacts of flooding. That preparation must arise from 

a willingness to accept and understand messages that have clarity and are 

meaningful. 

• Communication is achieved through shared experience or shared language and 

a common understanding of what might occur together with a knowledge of how 

to react. 

• To provide maximum benefit to those marginal areas it is essential that a 

thorough and accurate vulnerability assessment is conducted. This is best done 

by obtaining detailed knowledge from those who know the area intimately, i.e. 

by those living in the area.  Further it is generally believed that by including 

them in disaster planning, better decision making will result. 

• What can be saved or protected from a flood will largely depend on the effective 

warning time available: that time between understanding the implications of a 

warning and the moment of evacuation.  People who do not understand 

warnings will not react quickly to take actions to protect their property. 

• The ability to understand warnings implies a flood aware community, one that is 

educated to readily comprehend warning information, make decisions and 

trained to act. 

• Householder’s decisions will depend upon what is considered important by the 

householder, based on their perceptions, experiences and knowledge.  These 

can be changed by exposure to awareness and education programs. 

• Public reactions to warnings are typically not characterised by stimulus–

response models, but reactions can be modified and accelerated through a 

series of steps in a public awareness and education program. 



 
 
 
 

 Page 82 

Thesis: Floodplain management Community 
vulnerability 

• The lines of communication between individuals and community leaders, and 

between community leaders and counter disaster managers before and during 

a flood event must have sufficient capacity, be kept open and facilitate two-way 

communication. 

• Informed and participatory communities are better endowed to respond safely 

to threats than those that are not.   

• As people perceive and understand risk in different ways, education programs 

need to present flood risk issues appropriate to the different perceptions. It is 

vital that further research is undertaken that will link different perceptions of risk 

with effective flood risk education and empowerment programs. 

• Without appropriate knowledge within the community, flood emergency 

managers have to be very clear and very specific in their warnings in providing 

guidance to the community.  The amount of information to be provided is 

considerable.  Added to this burden, is the preparatory work of removing goods, 

preparing the home for flooding and ensuring the safety of family members and 

pets.  These burdens are not encouraging for those in the community less able 

to care or fend for themselves. 

• Emergency and evacuation action plans must be maintained and updated 

regularly.  This can only be effective if the local community feels it has 

ownership of the process.  Ownership will not occur unless the community has 

been involved and participates.  Participation is not possible unless capacity 

building has been undertaken in the community. 

• The process of involvement and perhaps limited empowerment not only 

educates and avoids loss but it can permit the creation of better living 

conditions.  In doing so, communities can draw together in a synergistic fashion, 

strengthening their own sense of community. 

• Full intellectual empowerment comes when those being trained have the ability 

to train others, thereby replicating themselves and building a motivated self 

sustaining group. “Champions are needed within the community as well. 

• The responsiveness of a community during times of crisis is dependent upon its 

willingness to receive and understand warnings, to act upon them, provide 

feedback and help one another to prepare for the coming crisis. 

For the above to be effective there are a number of knowledge gaps that should be 

addressed. 
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• Sociologic examinations of potentially affected communities are required to 

determine the levels of experience and understanding of flooding that will inform 

future engagement processes. 

• The transfer of information from government to communities has generally been 

undertaken by the engineering and emergency services fraternity and most 

likely without the benefit of advice from psychologists.  The writer believes such 

advice is needed to enhance not only community awareness programs but the 

nature of warning systems and the building of resilience.  

• Similar comments are applicable to advice from sociologists. 
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4 COMMUNITY EXPECTATIONS 

In Chapter 2, the statutory and legislative requirements of Queensland were 

introduced. However the expectations of community members can vary in a number of 

ways: participation in government (Arnstein, 1969); involvement in floodplain 

development planning (Betts 2001); expectation of self destiny in the hazard mitigation 

planning (Burby 2001), expectations of risk communication (prior to a flood) and crisis 

communication (during a flood) (Reynolds and Seeger 2005), which are underpinned 

by the emergency management precept that people have a right to know (COA, 

2004a). This chapter builds on the conceptual frameworks outlined earlier with respect 

to the expectations of communities of the disaster managers and the information 

provided to them (refer Figure 1.2 reproduced below).  The matters discussed in this 

chapter are outlined in red. 

 

Figure 1.2 Conceptual framework 

In researching this section, the writer found great difficulty finding non-government 

directed literature regarding community expectations of flooding. In fact most of the 
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government literature takes a ‘top-down’ approach advising what it thought the 

community needed, rather than reporting what the community said it needed. 

This is a major research gap and should be investigated.  Much of the non-government 

literature is more than 15 years old and from other readings, it is apparent that the 

expectations of communities have changed. Communities do expect more from their 

governments and the government literature reinforced that view. So is the government 

literature self fulfilling, or do communities expect something else? Unless they become 

involved in the decision making process and become aware of the nature of flood risks, 

how can communities advise governments on what they (the communities) need or 

expect? There are two sources of community disaster information needs which are 

important as much data was unsolicited and not prompted at the time it was gathered.  

Two major disasters in Australia: the Victorian Bushfires of 2009 and the Queensland 

floods of 2011 both resulted in the establishment of a Royal Commission in Victoria 

and a Commission of Inquiry in Queensland.  The public were invited to make 

submissions to both investigations and initial readings of some of these submissions 

indicate that they will partially satisfy that research gap. Once an initial examination is 

made, it should be possible to further investigate communication trends that become 

apparent in the submissions. 

Not only should each set of disaster submissions be investigated, but the findings 

should be compared to determine whether there are different responses for flood and 

bushfire that will inform updates of Emergency Management Australia’s manuals and 

guidelines. 

The chapter will from a risk manager’s perception: 

• discuss a community’s expectation of communication 

• expand on the conceptual framework for advice during a flood emergency 

• consider the communities’ preparedness to receive adverse advice 

• their reactions to warnings 

• compare these with current communication paradigms and 

• state how these should be reflected within the emergency management 

structure’s communication plan. 
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It is a precept that communities have the right to participate in floodplain management 

decisions that affect the ability of a floodplain and its river system to safety convey 

potentially damaging floodwaters to a safe discharge point (Abers 1998). A recent trend 

is becoming apparent in the UK where some of the responsibility for flood management 

is being transferred (by government) to residents (Johnson & Priest, 2008).  This 

sharing of responsibility will only be effective is there is an acknowledgement by the 

community that there is a flood risk, that it is in the interest of individuals to participate 

and the community is empowered to participate. This presupposes that residents are 

informed and engagement is encouraged. This also requires the government to 

determine the information that community needs, which it can be argued should be 

done by first seeking advice from the community. Johnson and Priest suggest this 

movement raises the issue of accountability.  It must be concluded that accountability 

has to be accepted and this is unlikely to occur without suitable engagement 

processes. 

In a community consultation process conducted in 1996, the Gold Coast City Council’s 

Nerang River Advisory Committee determined that residents first needed to know 

whether their property was at risk from flooding, then whether they needed to be 

concerned with current events, and when their critical escape routes were likely to 

become impassable (GCCC, 1997).  Ideally the first of these should be advised before 

the emergency and then estimates of spatial extents of flooding and critical times 

communicated as early as possible during the flood emergency. 

Older people have additional concerns regarding personal safety and security (Knight, 

2001) that adds to the complexity of the delivered information and suggests different 

sectors have different information needs. Takara (2008) found that the elderly were 

particularly vulnerable with 15 fatalities in the Niigata (Japan) July 2004 flood with 

several drowning with only a metre of flood water in their homes. 

Another precept is that communities have a right to information (COA, 2004b). The 

context of the reference was the post-emergency recovery process so that their 

members can participate in their own recovery. However, this precept also holds for the 

provision of flood warning information. People from non-English speaking backgrounds 

must have access to this information and such information must be provided “in an 

appropriate range of languages” (COA, 2007).  

The community also expects that the information it provides to authorities in an 

emergency will be taken into account in its decision making processes (COA, 2003b, p. 
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144).  This is particularly important when providing advice on individual exposure to risk 

and providing data that would validate or modify flood forecasts. 

However flood warnings are supplied, they must be clearly understood by as many 

people as possible. Burby (2001) claims that the greatest improvements in 

communication will come from public participation in flood warning, suggesting such 

community involvement “builds a political constituency” which can assist emergency 

managers in ensuring support at a political level.  

The difficulties associated with meaningful public participation revolve around 

’sociocultural‘ or public realm barriers (Burch et al, 2010). The sociocultural barriers to 

which Burch et al refer are the methods by which people make decisions: “individuals 

are more often guided by values than by formal rules or rational choices” (Burch et al 

citing Peters 1999).16 The risk may be that resulting decisions that do not conform to 

the institutional rationalization of problems may not be deemed acceptable by 

authorities. Burch et al suggest that a solution may be found in the “development of 

consent-producing mechanisms” to overcome this barrier. Arnstein (1969) suggested 

these may be overcome by devolving power and the Gold Coast City Council 

empowerment of its floodplain advisory committees demonstrates that authorities 

would have difficulty not accepting the results from an empowered community (GCCC 

C01.1026.003).  

 

4.1 PARTICIPATION 

Arnstein considered that citizens have a right to participate in government but that right 

was limited by the permissions granted by the level of government involved. However if 

citizens are not involved in the planning process (either land use planning or hazard 

mitigation planning) then there must be an obligation and expectation that government 

will look after their needs.  Burby contends hazard unaware political leaders will be 

unlikely to be proactive unless there is a political constituency that favours community 

involvement.  The extents of involvement are discussed by Arnstein.  

Meaningful involvement is not possible unless communities are aware of the nature of 

the risk, the hazards they face, the impacts of those hazards and the constraints faced 

by government (Betts, 2001). Until risk is communicated the community is effectively 

                                                 
16 Peters, B.G. (1999), “Institutional theory in political science: the new institutionalism”, London, Pinter, 
1999. 
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‘blind’ and disasters can be potentially worse than they would have if risk was not 

communicated. This is supported by Kretzmann & Knight (1993) who state that local 

communities only increase their capacity when they are committed to investing in 

themselves and allocate their resources accordingly. 

In a report to the United Nations, (Affeltranger, 2001) stated that “public participation is 

an essential added-value to the decision proves of mitigation-related issues”. A 

“bottom-up approach” provided a platform upon which emergency managers could 

base their decisions but cautions the need for “endogenous feedback” to assess the 

quality of public participation. 

Melbourne Water, which manages waterways in that city, has a continuing community 

engagement program and found that participants found a “need for clarifying roles and 

responsibilities of MW while building trust between parties” (Melbourne Water, c2007). 

The community stated its need for more effective partnerships and collaboration, and a 

need to build community knowledge about flooding. 

Grear (2010) has observed that three steps much be achieved if change is to be 

accepted by a community: 

• that the change must be understood 

• that individuals must believe it is good for them 

• that individuals must believe it is good for the community. 

The above are effectively summarized by Victoria’s Royal Commission into its February 

2009 bushfires (Teague et al, 2010).  Their recommendation 1 includes admonitions 

(which can be applied equally to flooding) to: 

• enhance the role of warnings 

• recognize that the heightened risk on the worst days demands a different 

response 

• ensure that local solutions are tailored and known to communities through local 

bushfire planning. 

Therefore it is important to understand the emergency management culture at the 

‘official’ level (government manuals and guidelines) and contrast that with the 

expectations of the community reported in papers and in research reports. The 
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government publications reflect current official advice within Australia regarding flood 

and crisis management, and where possible are supported by overseas literature.   

4.2 RISK AND CRISIS COMMUNICATION 

The foundation of risk communication has two basic elements, the nature of the risk 

and how those vulnerable perceive that risk.  Johnson (1993) has expanded that 

paradigm and examined how experts view hazards and dismissing lay concerns as 

non-expert. He observes that when a group of people observe “facts” individuals report 

different perspectives depending on the mental model used by a person, thus 

challenging feedback mechanisms used in verification by experts, and the “accuracy 

and completeness of the expert conceptual structure”. 

This has significant implications for the choice of medium used to convey risk by 

emergency planners to communities who need to consider the ‘emotional power’ of 

direct experience rather than vicarious knowledge. This latter also applies to ‘experts’ 

who may be operating as disaster managers without having been directly exposed to 

flooding. Johnson (1993) concludes “the ways that we create, discover and respond to 

hazards are far more varied that “risk perception” implies” and needs to be considered 

on the local context. 

Correia et al (1998) concluded that the willingness to participate in flood control 

activities was related to previous exposure to flooding, their cultural adaptation to 

flooding and their perceptions of whether flood mitigation activities and projects would 

be effective. Those frequently exposed to flooding seemed to have a “cognitive 

adjustment in order to reduce the perception of risk”.  

Reynolds & Seeger (2005) have proposed an ‘integrative model’ of risk and crisis 

communication and highlighted differences between them. Communication of risk to 

communities is to essentially explain their level of exposure to a future threat 

(awareness) and educate individuals and their social groups how to safeguard 

themselves and their assets. In many cases this involves seeking behavioural changes 

by the community (SCARM 2000) but can equally be applied to political leaders and 

governments which may have abrogated their responsibilities by not being ‘on top’ of 

their emergency management arrangements. 

Reynolds & Seeger distinguishes between the two in the following manner. Risk 

messages refer to “known probabilities of negative consequences”, “principally 

persuasive”, “frequent and routine”, over a longer period and “controlled and 
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structured”; while crisis messages are in the context of greater uncertainty, advise as to 

the current situation, response-like and “spontaneous‘.  

In emergency situations unless message formats have been structured and prepared 

beforehand (Keys & Cawood (2009), they will be less polished and likely to be 

ambiguous. The writer considers that warning messages prepared beforehand of the 

type detailed by EMA (COA, 2009b) should be circulated to the community during the 

risk communication phase with the inclusion of a local context pertinent to the 

recipients. 

To summarise, risk communication seeks to change behavior, crisis communication 

seeks to provide understanding so that residents and occupiers can make sense of the 

emerging situation.  

A further element is the development of the internet and the changes in society through 

viral communications and social networking sites. Gonzalez-Herrero & Smith (2010) 

have noted that communication specialists who are confident in a ‘real’ world have 

difficulties in a ‘virtual’ world where digital systems provide opportunities for web sites, 

interactive chats, and real-time video and audio files. They draw attention to earlier 

times when the formal media determined what was credible and published and what 

the authors called a “one-to-many’ communication model. The internet has caused this 

to change and now “many-to-many” communication is possible.   

This has severe implications for disaster managers and their communication experts. 

Relatives or friends distant from the crisis may be following the events by internet, 

accessing unreliable sources and conveying advice to those at risk, particularly if they 

do not have local knowledge. A more insidious possibility is that malicious advice or 

attacks may be promoted virally with little opportunity for crisis communicators or 

authorities to respond. Gonzales-Herrero and Smith comment that once information is 

virtual it is almost impossible to remove from the internet. 

4.3 EXPANDED FRAMEWORK 

Figure 1.2 proposed a conceptual framework for the factors that affect decision 

makers. The following Figure 4.1 extends that framework beyond the decision making 

process by members of the DMG to the decisions that have to be made by community 

members and the factors that influence their decision.  It will be shown that these 

factors are primarily about communication.  
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The figure is essentially a flow chart from where rainfall and flood forecasts are 

provided to the DMG for their decision making process and how that information is 

conveyed to the communities.  The decision making process is affected by the factors 

outlined in Figure 1.2 (the prime conceptual framework) and the communications within 

the DMG where potential sources of communication failure are depicted in Figure 2.2.  

At some point a decision will be made and the community will be advised. Overarching 

the decision and the advice provided are the current communication paradigms which 

are set in the context of EMA’s Flood Warning Manual 21 (COA 2009b) and more 

recently by Teague et al (2010). 

 

Figure 4.1 Expanded framework 

Two questions are asked in the Figure 4.1: 

• does a feedback loop exist that will change community communication 

paradigms once the community accepts new information? and 

• would examination of this feedback loop demonstrate the ‘observer effect’? 

The answer to the first question is probably yes. EMA’s Manual 21 (p6, COA, 2009b) 

suggests that feedback is required to ensure that the lessons learned from previous 

flooding are integrated back into the warning system. Communication paradigms that 
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exist in the community at any given time are expected to change if a community 

awareness and education program is successful. Such success will influence the 

community’s willingness to accept further flood warnings. Observations to tests 

community willingness will probably impact on the measuring process. The question: 

“Does it matter if it does?” is irrelevant as long as community perception and 

willingness to accept communications is enhanced. 

Tapsell et al (2005) found that effective communications are paramount in the delivery 

of flood warnings, and that barriers such as the modes of delivery (adaptation by 

communities to new technology), institutional contexts (local governance, local opinion 

leaders) and local societal compositions all contribute to communication failure. 

However, there is a conundrum in that recent research (Gissing, 2009) has found 

problems with flood warning systems and that more needs to be done to improve 

community understanding of flood warnings, to improve the understanding of who 

needs to be warned, to improve the response to warnings and improve media 

understanding of warnings. 

There are a number of communication paradigms that seem to influence decision 

making processes and the construction of flood warnings and advice provided to the 

community.  Manual 21 states that effective flood warning systems are those which 

meet the needs of the affected communities, are part of formal emergency 

management arrangements, both the providers of information and the communities 

affected need to be part of the process, roles are defined, flood warnings need to be 

incorporated as part of a wider floodplain management system and the responsible 

organization must be effective. 

Communications within the Disaster Management Group are affected by language and 

vocabulary.  The factors affecting decision-making include possible inaccuracies in 

flood information, time and psychological pressures. 

In Figure 4.1, the box “Advise Community” requires the use of a trusted community 

spokesperson to convey warning messages as indicated in Figure 4.2. 
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Figure 4.2 Advise community 

What do not seem to be apparent (or readily available in literature) are the influences 

on official decision makers from the community; and the community’s expectations and 

preparedness to accept matters beyond its control. It is postulated this preparedness is 

likely to influence communication paradigms, which in turn affect decision-making 

processes.  These are examined below. 

 

4.4 COMMUNITY PREPAREDNESS TO RECEIVE ADVERSE 
ADVICE  

The community now expects to receive flood warnings and if the warning brings dire 

news, then the sooner the information can be provided the longer the lead-time 

available for the community.  To provide sufficient lead-time can be difficult.  Many 

streams exhibit flash flooding and warning times are less than the 6 hour period 

between start of rain and flood-wave arrival that defines a flash flood. During flash 

floods, accurate and effective warnings are virtually impossible to deliver to those who 

need the warnings.  

In longer duration floods where the DMG is able to provide advice and individuals have 

a reasonable time to react, warning recipients must go through a number of 

psychological processes. The time this takes can be reduced if the community is 

prepared to receive warnings. This process is outlined in Figure 4.3. 
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Figure 4.3 Factors affecting willingness to act 

Mileti (1995) makes the case that effective public warnings must provide for public 

interaction and foster searches for additional information, as well as to received 

warnings. When faced with a dilemma (“do I accept the advice I’ve just heard?”), the 

message should be perceived by the intended listener, as personal and relevant to the 

listener (Handmer, 2000). 

In a study of decision strategy, Dhar (1996) stated “the decision to defer choice is 

sensitive to the uncertainty of choosing the most preferred option from a set of 

alternative provided.”   The implications for the preparation of flood warnings is that the 

more choices that are provided, the greater the chance that potential evacuees will 

decide not to make a choice and defer any decision to act.  Dhar’s second finding was 

that the more simply a choice was presented, the greater the chance that a decision 

maker would make a selection from the choices offered. 

EMA’s manual Recovery (COA, 2004e) discusses the “myths of disaster” and 

comments that people: 

• “behave quite rationally and responsibly … 

• generally care for each other … 

• respond appropriately to sound information from a reliable source …” and 

• suffer stress but very few “crack up” 

• “emergency workers are also victims of disaster-related stress …” 
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In a study of tornado warnings, Sherman-Morris (2005) noted that television viewers 

who had developed a relationship with the local forecaster, trusted forecasts and 

warnings from that forecaster. 

 

4.5 COMMUNITY REACTIONS TO WARNINGS 

Community reactions to flood warnings vary considerably and subsequent decisions to 

protect property, family members, and ultimately to decide whether to evacuate or not.  

Initial decisions seem to be based on quick mental shortcuts that classify information 

and set the scene for more thorough decision making processes. The important 

question is how can flood warnings be made more meaningful? 

Mileti (1995) points out that low-probability / high consequences disasters, of whatever 

type, cause similar social psychological processes that direct public response.  He 

believes that response to public warnings is a social process and that “public reactions 

to warnings are typically not characterised by stimulus response models”. Under 

normal circumstances, people generally heed warnings. However if the consequences 

are not easily understood, or have potentially severe consequences, people will 

undertake a common mental process before they take protective action. This process 

is outlined by Mileti who considers that people will 

1. hear a warning; 

2. form a personal understanding of what was meant by the warning; 

3. develop a level of belief in the risk information conveyed in the warning; 

4. personalise the risk or perceiving it to be someone else’s problem; and 

5. decide what if anything to do and respond in ways thought to be appropriate for 
the risk personally faced. 

 

4.5.1 Classifying information 

Faced with media stimuli, information and pressures from other group members who 

might have offered their own views, individuals have to classify and sort this 

information in order to come to a decision.  Bennett (2000) believes that people who 

are under stress are likely to make decisions in accordance with one or more of 

heuristics, paradigms or social schemas. 

Heuristic 
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A heuristic is a mental shortcut that condenses too much or complex data into a 

quantity that can be assimilated (Bennett 2000, p2, p35).  People make 

decisions on the information most readily available to them (Rachlin, 1989, 

p.35) which Rachlin called the “heuristics of availability”.  There are dangers if 

people only use the information available to them: specifically decisions made 

on perhaps limited, or missing crucial information.  Similarly, risks are incurred if 

people rely on a previous experience to make a judgment of the current 

situation, particularly when the current and previous situations are dissimilar.  

With flooding, no two situations are alike making heuristics dangerous. 

Paradigm  

A paradigm is a set of assumptions, concepts, values and practices that 

constitutes a way of viewing reality for the community that shares them, 

especially in an intellectual discipline. Kuhn (1962) commented that scientific 

problems “are often framed in predetermined ways: and solved with a ‘tool kit’ 

of ideas and methods familiar to the scientist.  Bennett (2000, p.37) states there 

is a risk that information that is different from what is expected, will be discarded 

thereby generating inaccurate and potentially dangerous risk assessments. 

Schema 

Augoustinos et al (2006) defined a schema as a cognitive ‘short cut’ that is 

informed and sustained by personal experience.  They state they are useful 

when situations generally conform to expectations and knowledge, but if 

preconceptions are rigid and knowledge limited, then novel situations cannot be 

handled by schemas. 

Augoustinos et al cited Moscovic (1984, p.26, (in French)) who stated “the images, 

ideas and language shared by a given group always seems to dictate the initial 

direction and expedient by which the groups tries to come to terms with the unfamiliar”. 

Augustinos et al (2006, p.39) built on that and suggested that people refer to what they 

know and what is familiar, in order to make sense of the new situation. 

The term “sensemaking” is used by Sellnow & Seeger (2001) to describe how people 

seek evidence to confirm their understanding of an event.  If the event does not 

proceed as expected it is likely that people will feel “that the universe is no longer a 

rational, orderly system”.  What makes such an incident so shattering is that both the 

sense of what is occurring and the means to rebuild that sense collapse together 
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(Weick & Roberts, 1993)”. Weick & Roberts raise the proposition of the “collective 

mind” – “as a pattern of heedful interpretations of actions in a social system” where 

people devise their own potential actions but adapt those to the collective actions of 

others. 

4.5.2 Community networks and communication patterns 

It is also important to understand community networks and communication patterns 

(COA, 2002). There are four major communication processes to be considered (COA, 

2004b): the gathering of information; processing (evaluating and integrating 

information); disseminating the information; and feedback to the source so its 

relevance can be evaluated. These four lead to further gathering as indicated in Figure 

4.4 below.   

GATHERING

PROCESSING FEEDBACK

DISSEMINATING

CONTEXT

 

Figure 4.4 – The Information Communication Process    (reprinted from Fig 9.1 of COA 
1996) 

The authors note: 

When a warning is received, the existing bonds form the communication 

pathways that are activated.  Research shows people tend to seek confirmation 

of the warning and guidance about what to do from those they are familiar with 

in preference to those with the expertise. 

Individuals who do seek confirmation from their familiar community support system 

may find that one or more of their support persons cannot be contacted.  This occurs 

when the supporter might have already left the area at risk being more informed, able 

to comprehend and act and who would normally be part of the information pathway.  

The confirmation seeker could then feel abandoned which together with a loss of 

contact, could initiate a process of debonding.  Chapter 3 of COA (1996) suggests the 



 
 
 
 

 Page 98 

Thesis: Floodplain management Community 
expectations 

process of debonding occurs as “survival oriented activity”, and takes precedence over 

normal individual and community activities and interaction.  Survival activity may mean 

seeking help from those proximate regardless of prior extent of social interaction. 

This suggests that there is a need for a review of the sociology of flooding that will 

include an evaluation of existing paradigms and lead to the development of new 

techniques to inform community expectations. 

 

4.5.3 Psychological processes of evacuation decision 
making 

Ahmad and Simonovic (2001) considered the psychological factors associated with 

making a decision to evacuate by a community member, developing the following 

model (Figure 4.5) following study of the Red River (North Dakota, U.S.A.) flood in 

1997. 

Initial Factors
Psychological Factors

Concern Rate
Social Factors

Disaster experience
Awareness of risk
Information on
disasters

External factors
Rain
Inundation
Evacuation orders

↓

Danger Recognition rate

↓

Evacuation Decision

Age
Children
Length of stay
Behaviour of others
Warning
   consistency
   clarity
   dissemination mode

Coherence of the community
Experience with disaster
claims
Damage in other
communitities

Inundation of routes

Knowledge of refuge
places Destination

Ahmad and Simonvic (2001)  

Figure 4.5 - Decision process model for evacuation 

The most fundamental factor is for an individual to register enough concern to 

recognise there is sufficient danger to require an evacuation.  In the absence of 

obvious indicators of flooding, concern will only be registered through communication.  

Ahmad’s and Simonovic’s initial proposition was the importance of understanding 
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human behaviour in an emergency situation. This was developed into a model of family 

behaviour which leads to the steps necessary for an evacuation decision.   

The above figure indicates that individuals need to be aware of the potential for 

flooding within the local area, that they understand that a serious flood is imminent and 

that upon receiving an evacuation instruction they know where to go.  These messages 

have to be issued on behalf of the disaster management group. 

The normal risk – benefit paradigm assumes a positive relationship between risk and 

benefit, generally the higher the risk from an activity, the greater the benefit of that 

activity.  However Finucane et al (2000) suggest that in some instances the inverse is 

true in emergency situations.  Alhakami and Slovic (1994) suggested perception of risk 

and benefit influenced judgement and action, depending on whether the consequent 

action was “liked” or “disliked”.  If the activity was liked, the perceived risk was low. 

4.5.4 Employees’ response to disaster 

There have been many individual studies of employee’s responses to disasters 

(Drabek, 2001).  The choice facing employees at the onset of a disaster is the choice 

between work and home.  In the Australian public service environment, the message is 

quite clear: home and family always have priority.  However, this may be different in 

other countries. 

Drabek examined employee choices between family and work and the series of 

compromises necessary because of family expectations. His work involved the analysis 

of seven disaster events in 12 communities through a comparative case study 

supplemented by field and telephone interviews.  

His initial proposition was that when people are confronted with danger they will form 

“emergent perceptions of risk”.  Employees’ reactions are based on the choices they 

perceive available to them and which may be less than the number of choices actually 

available.  Employees’ choices are limited by their preceding experiences. 

Drabek’s study found that many employees’ first response was threat-denial regardless 

of the information source.  Most then sought confirmation and the most frequent topics 

discussed were the potential severity of the threat, where to go, when to go, and the 

continued safety of both work and home locations.  New information was often 

inconsistent, decisions having to be made about work and family “within the context of 

uncertainty and ambiguity.” 
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He concluded the reason over two thirds remained at work depended on employee’s 

self perceptions of status and importance. Those in managerial roles focused on 

providing information to employees.  The ‘remain at work’ rate also depended much on 

the owner’s perception of the importance of the business remaining open during the 

emergency. 

4.5.5 Implications 

These process stages imply that a corresponding series of public awareness and 

education steps need to be undertaken before a flood emergency event, such as: 

a) preparing the public for the receipt of warnings by informing them that they live 
in a flood prone area; 

b) educating the public so that they will understand any warnings issued without 
doubt as to what the warning will mean in accordance with a clearly understood 
frame of reference; 

c) advising the public that any such warning messages will be real; 

d) educating the public as to their level of risk so that they will quickly determine 
the relevance of the message to them personally but in a manner that will avoid 
under or over response; and 

e) educating the public on how to prepare contingent response plans. 

Communities also expect to be involved in the design of warning and evacuation 

advices and will respond more favourably to such warnings.   

What is not apparent from the literature is how best to achieve this community 

engagement and avoid some of the disrupters to the effectiveness of ‘official’ advice 

(Figure 2.3). 

In formulating strategies for encouraging appropriate public responses in a flood 

emergency it is important to understand how people react to potential threats and their 

need for information.  This applies not only within the Disaster Management Centre but 

also by every person in the communication chain. 
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4.6 CURRENT COMMUNICATION PARADIGMS  

4.6.1 Government Guidelines 

A starting point for understanding emergency communication with the wider community 

is to evaluate the level of knowledge in Australia is the Australian Emergency 

Management (EMA) series of manuals and guidelines published by the Federal 

Government. These documents should be considered best practice for Australian 

conditions. The EMA website17 allows these manuals to be downloaded. 

When Emergency Management Australia published its Guide 5 “Flood Warning” 

Second Edition in 1999 (COA, 1999a), its Preface stated: 

The document describes a set of “best practices” to guide flood warning activity 

in Australia.  In doing so it focuses on the tasks of flood warning and promotes 

a consultative community-incorporating approach to the definition of flood 

warning issues, problems and solutions. 

In terms of flood context, the primary focus is riverine flooding, rather than 

localised “flash flooding” …  Nevertheless the principles apply across a range of 

flood types. 

The Guide is to be used by all people and agencies with roles to play in 

developing and operating flood warning systems including flood forecasters, 

emergency managers, police, members of emergency services organizations 

and members of flood prone communities (18) .” 

This Guide has since been republished as Manual 21 (COA, 2009b), whilst there has 

been considerable examination of crisis communication Worldwide, Manual 21 remains 

the main authority in Australia.  Some of the messages contained in Guide 5 were 

reinforced in Australia’s Best Practice Guidelines for Floodplain Management (SCARM, 

2000) and also in the NSW Floodplain Manual (NSW, 2001).  It should be noted that 

after the first edition of the Guide was published in 1995, the EMA found it necessary to 

develop a Glossary (COA, 1998a) and a Thesaurus (COA, 1998b). 

                                                 
17 EMA website http://www.ema.gov.au/agd/EMA/emaInternet.nsf/Page/Publications 
18 The EMA Glossary describes “flood prone” as land susceptible to inundation by the Probable 
Maximum Flood (PMF).  PMF is the theoretically largest possible flood and depending on the magnitude 
of the downstream risk can mean a flood having an annual exceedence probability (AEP) of 1 in 
1,000,000. 
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The flood warning guide also discussed the communication requirements between 

emergency managers and the community in general terms of how to use language, 

providing guidelines on how to construct messages. 

Guide 5 did not provide with any clarity, guidance on the level of detail required by 

emergency managers to construct the warning messages. Nor did it provide 

information of how emergency managers should convey that information to political 

leaders. The level of guidance to flood warning officers in the provision of information to 

emergency managers also seems inadequate. These shortcomings have been 

corrected by advice published by Keys and Cawood (2009) and which is now 

incorporated into Manual 21. 

At the commencement of each chapter in Manual 21 are statements that summarise 

that chapter.  They provide a baseline for best practice in flood warning as required in 

Australia.  Deviations from these practices are likely to be examined in court should an 

action be brought against an emergency management decision of a local authority.   

Chapter 5 of the Manual refers to the need for high quality flood warnings and urges 

less media aware emergency managers to seek professional guidance.  It suggests 

that warning messages should be constructed in advance and particular messages 

need to be developed for groups having special needs such as language or location.  

In particular, the message content “should describe the flood; say what is happening 

currently; what is expected and when it will occur; and indicate how people should act” 

(p.39).  If this foresight is needed for the community, then surely a similar approach 

should be considered by the specialist flood warning group to the Disaster 

Management Centre. 

Warning messages themselves must exhibit certain characteristics if they are to be 

understood, accepted and acted upon.  Mileti (1995) identified the following key 

characteristics: credible sources of information, consistent, accurate, worded clearly, 

certain and delivered believably, sufficient information provided, clear and specific 

guidance provided and repetitive. Warning messages should also clearly state from 

where the risk is coming, the direction it will take, which areas will be at risk and when, 

so that people can determine if the warning applies to them. Warnings delivered over 

multiple channels have been shown to enhance hearing, understanding, belief and 

response.  The use of social media by Queensland Police during the January 2011 

floods and Cyclone Yazi has been commended by the media and emergency 

management practitioners. 
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4.6.2 Why flood warnings are ignored 

One of the difficulties for effective communication between flood forecasters and 

emergency managers to the community, is often the community’s inexperience of 

flooding.  In such circumstances, flood warning officials and emergency managers 

need to rely on public awareness programs or vicarious experiences of other disasters 

gained through the media. 

EMA’s Manual 21 cites Handmer (1988) whose study of the impacts of Sydney flooding 

showed that there were instances where people did not understand the meaning of 

warnings, nor did not know how to react to a warning, or that the warning itself was 

unclear. Understanding is affected by education, comprehension, and influences that 

affect concentration as suggested in Figure 4.6. 

 

Figure 4.6 Factors affecting understanding 

However, Handmer (2000) casts doubt on the value of flood warnings basing his 

conclusion of analysis of events in Australia and Europe:  

1. methodological and definitional issues 

2. meshing the warnings with those at risk - or put another way, neglecting to 

establish shared meaning between the different groups involved, and  

3. the macro issues of warning system design and operation, such as cooperation 

between the various groups involved in the warning process. 
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He states that it is inevitable that warnings will not reach all people, and uses the 

British Environment Agency as an example with its “target of reaching 80 percent of the 

population at risk.”  He suggests it is difficult to reconcile this with the general societal 

expectation of perfect practice by emergency managers; the community is often 

disparaging of a “miss rate” that approaches the 20% mark.   

The basic premise of issuing warnings, is that people will respond and take effective 

action to minimise their exposure to risk and hazard.  Warning messages must have 

clear meaning.   

Handmer suggests:  

A starting question for those designing and delivering warning messages is 

what do those at risk need to know to reduce damages and improve their 

safety; and what is the best way of ensuring access to that information? 

This poses real difficulties for those who draft warning messages and how to make the 

messages relevant in the context of the local situation, particularly in a large 

community.  Handmer suggests the best way to achieve this is through discussion with 

local communities and perhaps as a “negotiation” process, and states a “fully shared 

meaning cannot be achieved without a thorough understanding of the population at 

risk.” 

Obviously this means the commencement of dialogue with the community at risk is 

probably best done through a community awareness and consultation process.  There 

are a number of other problems with flood warnings associated with the priorities of 

those at risk, their understanding and ability to take effective action.  Handmer further 

comments that, “shared meaning may exist but is of limited value” and is therefore 

“difficult to achieve”.  Some people might understand the risk but “are not risk averse”.  

Others people who refuse to accept authority are unable to respond, or just get 

confused signals from neighbours.  Also populations are not homogeneous and there 

are different levels of education, understanding and language skills. 

These pose real problems to emergency communicators and then possibly those who 

might have to put themselves at risk during rescue attempts.  Handmer suggests that 

further research is needed for the following: 

• processes are needed to assist with implementation at the local level of new 

policies and procedures;  
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• research into the impacts of the rapid social and technological evolution on 

the ability of warning systems to perform; and  

• closely related to this is the need for an enquiry into the contemporary 

validity of past research findings. This would be useful even if it simply 

confirmed that the material was still relevant.  

Parker and Handmer (1998) also suggest: 

that research is skewed towards the technocratic side and highly skewed 

towards official networks - rather than the informal communication channels 

used everyday by everyone. 

Handmer’s paper of 2000 was published about the same time that EMA published its 

Guide 5 “Flood Warning” for which a summary of the key points is provided at the end 

of this thesis in Appendix A.  When comparing Handmer with each chapter of EMA’s 

Manual 21 the writer notes:  

• In Chapter 2 of Manual 21 the components and issues are similar but 

Handmer is concerned that the reality of issuing and understanding 

warnings will never meet the objectives, and does not provide guidance for 

a complete solution.  This has to be expected in a short paper but Handmer 

appears to have identified gaps in knowledge. 

• Chapter 5 of Manual 21 focuses on the needs of the community threatened 

by flooding in the design of the warning message and convincing people to 

take action, and Chapter 6 on how the warnings might be transmitted to the 

community.  What is does not express so well is the need for examination of 

how messages are received.  The language used is effectively aimed at a 

top-down approach, rather than examining how information might be 

received and then determine the best way to meet the communities’ 

information needs. 

4.6.3 Improving delivery of warnings 

Assuming that the U.K. Environment Agency’s assessment that the number of people 

that actually receive warnings is 80%, it would seem incumbent on emergency 

management organizations to determine how best to increase that percentage.  Other 

research of major overseas disasters concluded: 

• the most effective means of communication was amplitude modulation (AM) 

radio.  People were away from their homes on emergency work and did not 
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have access to newspapers (Sellnow & Seeger 2000 researching the Red 

River flood); and 

• power losses affected telephone and other communication systems 

• in the Kobe earthquake, as in the earthquakes of Mexico City (1985) and 

San Francisco (1989), Los Angeles (1994), it was concluded that “telephone 

networks are not so much destroyed as congested into uselessness” (Noam 

& Sato, 1996).  This effect was also reported during the 1 in 500 year ARI 

downpour at Nerang Gold Coast when the mobile telephone network was so 

congested that it became ineffective. 

• Noam & Sato also found that television presenters over-sensationalized the 

coverage rather than provide the details that people needed.   

These authors concluded that “the usual approach of disaster communications, which 

traditionally depends on military style public safety agencies that operate in a top-down 

manner and share information with “civilians” largely on a “need to know” basis, should 

be replaced.  Instead there should be open-access emergency systems open to inputs 

from a wide variety of public and private participants, and open to access by them.”  

Further research to improve warning reception seems warranted. 

4.6.4 Citizen participation 

The issue of warning reception is taken up by Burby (2001) who claims that the 

greatest improvements will come from citizen participation in flood warning.  If the 

community is involved in the process of developing warning strategies, it “builds a 

political constituency”, which can assist emergency planners in ensuring the 

engagement with local communities continues and is also supported at a political level.  

Burby also recommends that consultative processes should have clear objectives that 

include statutory requirements, educate and inform citizens and engage fully in two-

way participative processes.  

Burby sees the prime objectives for citizen involvement are due process and 

opportunities for input, educating and informing, mining local knowledge and learning 

community preferences for hazard mitigation. 

This theme is followed in the United Nations recommendations for reducing flood 

losses (United Nations, 2004 p.43, 44).  Their summary, drawn essentially from the 

United States experience, concurs that input must be made from all political levels 

(including the community) into emergency response preparation.  However the 
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recommendations stipulate “clear lines of authority” must be held during an emergency.  

Their recommendations state that “the community and individuals must have a good 

understanding of what is expected of them” and use evacuation routes as an example.  

A critical comment is made:   

The response to an extreme flood forecast should be immediate, and with no 

uncertainty as to what actions and activities should be taken.  

This unequivocal statement contrasts markedly with post disaster studies (Donner 

2006, Fearn-Banks, 2007) of the New Orleans community response to warnings of 

Hurricane Katrina, where official warnings were often ignored and the needs of the 

poor, infirm and immobile seemed to have been forgotten or not planned for effectively 

by the authorities.  Handmer’s remarks above on the ability of the community to ignore 

warnings, take risks or otherwise not understand the significance of warning messages, 

or know what to do, now seem somewhat prophetic.  The USA model as outlined in  

UN (2004) seems to be based on a top-down organisational mind set having a 

compliant community whereas the Australian – UK approach is moving from ‘top-down’ 

to ‘partnership’.  The most telling aspect of US thinking (United Nations 2004 p.69 and 

70) is a series of recommendations of how to set up an integrated flood warning 

system.  All but one relates to the technical development of forecasts and emergency 

operations; the sole recommendation relating to the community reads:  “Establish 

response strategies with communities, emergency services and civil protectorate 

organizations.”  The lack of prominence given to such a statement in the context of the 

book would seem to indicate an organisational expectation of a compliant, willing and 

educated community.  The text gives no such indication of how to achieve an aware 

and prepared community. 

Sellnow et al (2001) commented that “residents need the best information available 

and quickly so that they can react effectively. Weick (1995) noted "the costs of being 

indecisive frequently outweigh the costs of being wrong" (p. 153) and "time pressures 

encourage people to seek confirmation of expectancies, to cling to their initial 

hypotheses, and to prefer a narrative model of thought to one that is paradigmatic and 

more data driven" (p. 153). 
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4.7 COMMUNICATION WITHIN THE EMERGENCY 
MANAGEMENT STRUCTURE  

Much of the literature examined focuses on the behaviour of the community when 

faced with a potential crisis, and their attempts to understand the meaning of warnings.  

The behaviour of decision makers and how they might interpret information also has to 

be considered. 

Figure 2.2 (reproduced below) depicts pink coloured arrows that indicate 

communication links that might fail. 

 

Figure 2.2 – Flood response communication within Queensland Australia 

In Chapter 2.2 of this thesis, reference is made to the need for hydrologists and flood 

warning experts to understand the language used by other members of the Disaster 

Management Group. There are at least three major conversation themes used within 

each of the three major groups: technical, emergency and societal language.  There 

will be an overlap in language in much the same manner as the overlap of three 

intersecting circles.   

The aim of emergency planners, political leaders and the community should be to 

maximise the shaded area of circle intersections in Figure 4.7. This introduces an 

overlap of these ‘conversation themes’, a language structure, vocabulary and jargon 
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used by specialist and communities in which specialist knowledge and vocabulary used 

by hydrologists might not be understood by the community or emergency planners and 

managers.  

Emergency
theme

Hydrologic
technical
theme

Community Theme

Common
understanding

 
Figure 4.7  Conversational theme overlap 

Because of Australia’s geographic diversity, the range of natural and human disasters 

that have occurred (and are possible) and differing definitions and word usage, the 

EMA published its Manual 3, “Australian Emergency Management Glossary” (19) (COA, 

1998a).  It also published its Manual 4, “Australian Emergency Management Terms 

Thesaurus” (COA, 1998b).  The Thesaurus was produced to encourage “common 

understanding of definitions and relationships between terms and act as a focus for 

exchange of ideas and further development of a consensus nomenclature” (p. ix).  

Given that the emergency management experts and the EMA thought it necessary to 

develop both a Glossary and a Thesaurus it is not surprising there is confusion for 

those outside this communication circle. 

Olson and Budescu (1997) and Tavana et al (1997) cite studies into the means of 

interpersonal communication and the uses of either linguistic or numerical probability.  

Using both expressions of probability creates uncertainty which although expressed 

clearly can, by the nature of words used, give rise to conflicting messages.  This is 

particularly true when probabilities of an event are included in warning messages.  

Probability of a single event can be expressed numerically (as a percentage or 

odds/probability) or linguistically (‘might happen’ or ‘remote chance that’ or ‘almost 
                                                 
19 All terms used in the thesis  have been checked for correct usage and context against the National 
Glossary and Thesaurus. 
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certain’) and produce quite different reactions.  Whilst the various authors might have 

differing views in detail, they found overall that “communicators switched to verbal or 

numerical modes of expression depending on which was more rewarding.”   

Budescu and Wallsten (1995) suggested that in two-way communications some form of 

congruence occurs, in which an initial representation in numerical terms might move to 

the linguistic, and thence to a form that is understood by both parties, which may or 

may not involve several reversals of communication mode.  They concluded if the 

nature and impacts of the coming threat was uncertain, then vague (verbal) rather than 

precise (numerical) forecasts were preferable. 

Tavana et al (1997) noted that the preference was to use verbal expressions of 

probability when imparting information, but the converse when receiving.  However 

they also found that when the sender’s verbal expressions used positive language, 

then the recipients were more likely to respond to the message.  

 

4.8 SUMMATION 

This and earlier chapters have considered three major themes outlined in the 

conceptual framework: 

• the community’s preparedness to expect, accept and react to flood warning 

messages 

• factors affecting the Disaster Management Group’s decision making processes, 

and 

• current communication paradigms. 

Conclusions drawn from this chapter follow. 

• An emergency communication precept is that the community has a right to 

information. 

• A community expects that the information it provides to authorities in an 

emergency will be taken into account in its decision making processes. 

• The more choices that are provided, the greater the chance that potential 

evacuees will decide not to make a choice and defer any decision to act. 
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Conversely, the more simply presented a choice, the greater the chance that a 

decision maker would make a selection from the choices offered. 

• People are prepared to accept flood warnings and are more likely to heed and 

act upon the warnings if they are clear, meaningful and perceived as personal 

to the hearer, and come from a trusted source. 

• Faced with an emergency situation, people at risk either revert to the basic 

instincts of fight, flight, rescue and attachment (COA, 1996, p.8) or seek new 

sources of information, bonding with others whom they might not otherwise deal 

with in ordinary life.  The resultant structure after forming new bonds is not the 

normal one as survival is the key issue. It may be indiscriminate, but can result 

in intense comradeship and high morale. 

• Finucane et al (2000) proposed a more analytical thinking process occurred 

based on ‘net riskiness’ or ‘net benefit’ and concluded the ‘affect’ heuristic is 

more applicable and results in quicker decision making.   

• The community needs to be informed of the risks it faces to react favourably to 

warnings. 

• Communications in an emergency should be open and available to all members 

of the community and be capable of receiving community input that is also 

made available. 

• The prime objectives for citizen involvement are due process and opportunities 

for input, educating and informing, mining local knowledge and learning 

community preferences for hazard mitigation. 

• It is appropriate to use verbal modes of communication when applied to flood 

warnings early in a flood event and then as the true nature of the event unfolds, 

the numerical modes should be used. 

• There is a need for a societal linguistic investigation on ways to enlarge the 

common understanding of flooding and its implications. 

There are two significant issues: 

The first issue is that no evidence was found that decision makers had actually sought 

the opinion of the community as to the content of warning messages. Communication 
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seems to have been “top-down” rather than meaningful information flow and interaction 

through participative consultation. This does not mean that such interaction has not 

occurred, but that if it has, it has not been reported, and there is no evidence that it has 

been carried through to the official manuals and guidelines. This would seem a 

fundamental part of any flood emergency planning strategy. 

The second issue relates to the influences of the community on decision makers.  

Communities are prepared to accept force majeure situations but they expect to 

receive advice and warnings,  Figure 4.1 suggests that a feedback loop may exist and 

if it does, could that influence the decision making process?  It may well be that the 

feedback loop could influence decision makers, but only if a successful community 

education and awareness program has not been undertaken prior to the flood. 

Further searches of literature might satisfy the following questions.  Many of these 

questions are also pertinent to the issuing and composition of flood warnings. 

1. How can warning information be classified or graded in terms of imperative and 

made relevant to those in greatest need? 

2. Is there an upper limit to the amount of information that should be provided in flood 

warning and if so, what is it? 

3. How can warnings be so phrased to reduce community members’ need to search 

for more information? 

4. How can the formulation of flood warning messages be improved, given individual 

and community psychological processes of receiving and acting upon public 

warnings? 

5. How can the community’s social engagement be enhanced to facilitate public 

responses to flood warnings?  

6. In what way can flood-warning officers improve the advice given to the Disaster 

Management Group? 

7. How should emergency managers convey flood information to political leaders? 

8. Are there any gaps in published advice on the issuing of flood warnings that would 

reduce the incidence of the warnings being ignored? 

9. How can the technological delivery of warning messages be improved? 

10. How, within a community education process, can continuing interest and 

enthusiasm for flood preparedness be engendered? 



 
 
 
 

 Page 113 

Thesis: Floodplain management Community 
expectations 

11. What levels of understanding are achieved by education and awareness programs 

for various population demographics?  

12. In what ways can the individual linguistic preferences of members of the Disaster 

Management Group when discussing probability and risk, be ascertained to 

improve communications within the DMG? 

13. How much information is necessary for a decision maker, regarding the potential for 

severe flooding, to make a decision to recommend evacuation to a flood liable 

community? 

14. How can a larger number of people be reached by flood warnings? 
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5 RISK BASED APPROACH TO FLOODPLAIN 
PLANNING 

One of the four major factors that affect decision makers is community vulnerability and 

by extension the resilience of communities. These are influenced by a number of 

factors which include: the quantum of exposure to flooding, the degree to which 

communities are exposed, personal mobility and safety, intelligence, awareness of 

flooding and education. 

However the major influences are the number of people and the degree of exposure to 

serious flooding. For people, their assets and businesses to be exposed means that 

floodplain managers and land use planners have been subject to historic 

circumstances, or are basing their decisions on faulty paradigms, or have not had the 

opportunity or support to be effective, or have been ineffective.  

5.1 PURPOSE 

The purpose of this chapter is to demonstrate that community vulnerability can be 

lessened by improving land use planning in floodplains. 

This chapter considers the assumptions and methodologies adopted by governments 

in determining design floods outlining the historical perspectives of flooding in South 

East Queensland.  

The chapter will also consider 

• the assumption of stationarity which Westra et al (2010) define as “the 

assumption that flood risk in a future climate will reflect historical flood risk as 

represented by the instrumental record” 

• the likely impacts of climate change on the depth of intense rainfall bursts 

• how adaptation processes might be applied to cover the resulting uncertainties 

• how the now much greater residual flood risk might be managed by including 

land use planning provisions that would assist emergency management 

• how a future planning scheme might be formulated. 

This is done through an examination of Gold Coast City’s Planning Scheme Flood 

Affected Areas Code as a case study, and proposes amendments to flood codes that 

take into account the existing and future flood problems. 
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It is contended that the current perceptions of planning flood levels understate the likely 

extent of damage and that the residual risk from current planning strategies needs to 

be examined. The current 1% annual exceedance probable (AEP) flood level used by 

most flood prone communities in Australia will result from a storm having a higher 

frequency than currently perceived. 

In such a scenario, the total annual damage of an exposed community must be higher 

and therefore understate community vulnerability.  Accordingly, to reassess the 

resources needed for both non-structural and structural mitigation measures, the writer 

believes that it is incumbent upon the disaster manager to review the flood risk 

management paradigms, and seek variations to the local planning scheme to avoid 

future flooding misery. 

 

5.2 INTRODUCTION 

An underlying factor of community vulnerability is the degree of exposure to flooding as 

proposed in Figure 1.2.  Where people choose to live is their own decision however, 

they may not be aware of the flood risk and hazard to which they are exposed. Many 

residential areas were developed before rigorous floodplain planning laws were 

introduced, or before the authorities were aware of the potential for flooding. Planning 

schemes are a key element to prevent increasing the number of people, business and 

assets exposed to flooding from events less than the design flood event. 

Land use planning is a key element of the prevention component of flood mitigation. 

While emergency managers generally concentrate their activities on planning for, and 

dealing with emergencies, they also have a role in shaping or influencing the 

preventative aspects of disasters, i.e. taking a more proactive approach to land use 

planning, understanding why and how floods occur and increasing the effectiveness of 

disaster mitigation.  

The level of protection provided by planning schemes should be a consequence of an 

analysis of the risks and consequences of flooding and the opportunities provided by 

sustainable land uses.  
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Figure 1.2 Factors affecting decision makers 

Local authorities in all states are caught between the competing needs of encouraging 

development and maintaining a minimum liability position before a flood emergency 

occurs.  Local authorities need not only to ensure that their planning and development 

policies are at best practice standards, but also ensure that the other equally vital 

aspects of flood mitigation such as disaster planning, emergency management and 

structural measures are not forgotten. 
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Figure 5.1 Factors affecting a local authority’s selection of flood planning levels 

Floodplain management encompasses more than the setting of development levels 

and allocating appropriate land uses. The scope and thrust of floodplain planning will 

depend on the degree of confidence with which the city can provide the complementary 

aspects of flood mitigation (physical, emergency management, and public education 

and awareness measures). 

Sustainable land use planning aims to reasonably minimise the adverse consequences 

of future flooding and, where alternate strategies are available, some of the more 

stringent land use planning measures may be relaxed. 

Land development has increased dramatically in South East Queensland since the 

1967 and 1974 floods but it was not until later that design flood levels were set at the 

1% AEP level. The following questions need to be considered given the scale of 

development: 

1. Is the 1% AEP flood still an appropriate reference for land development? 

2. Are the assumptions and methodologies used to derive the current 1% AEP 

flood levels still appropriate? 

3. Are the margins of safety (freeboard) still appropriate? 

Whatever flood exceedance probabilities are chosen by local authorities there will 

always be a ‘residual flood problem’. In a major flood, residents have to decide whether 
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to remain in place or evacuate. For those more exposed, or where sensible evacuation 

would be impossible, and rescue could be dangerous if the flood developed into a more 

serious event, early evacuation is the only solution. 

The first components of the ‘residual’ problem are those communities or individuals 

who are exposed to flooding more frequently than the design flood. Given the extent of 

terraced development in reclaimed floodplains in areas such as Gold Coast City and 

other urban areas with canal estates, their levels of exposure will vary depending on 

the anticipated flood depths and available warning time before a flood arrives. 

The second component of residual risk is those communities (and suburbs) that are 

exposed to flooding above the design flood level. There are likely to be localities where 

under changed hydrological perceptions or circumstances, design flood levels might be 

raised and those communities would be relegated to the first component. 

Whatever the design flood level, the writer contends that each local authority has to 

determine the value of future exposure to flooding from all flood magnitudes, and then 

determine the future financial burden that it can afford, and then set revised flood 

planning levels. The writer is of the view that the 1% AEP flood ‘standard’ has been 

adopted without analysis of the full costs and implications of flooding. 

 

5.3 DESIGN FLOODS 

Flooding is a complex matter to analyse as essentially there are relatively few 

accurately known facts or data.  So the analysis of a series of “facts” is based on 

probabilities that they might be “right” or “wrong”, or probability that they will recur and 

sooner rather than later.  It is a relatively “young” discipline and rational methodologies 

have only been developed to account for natural variability in the last 50 to 70 years. 

The art of hydraulics has been known for millennia, but scientific practice (engineering) 

as applied to hydraulics is about 150 years old.  This historical aspect has meant that 

scientific observation and measurement has been practised for even less time, and 

there lies the conundrum for hydrologists.  They have to extrapolate perhaps 20 to 80 

years of record into 1 in 100 year, 1 in 200 year, 1 in 500 year and 1 in 1000 year 

statistical probable events, in a country where written history is a little more than 200 

years. 
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Stationarity 

The basic premise of “stationarity” is the “idea that natural systems fluctuate within an 

unchanging enveloper of variability” (Milly et al, 2008) and “that statistical properties 

(e.g. mean, variance and skewness, etc.) are all assumed to be constant over time” 

(Hirschboek, 2009). Put more simply, stationarity assumes the period of record upon 

which intensity-frequency- duration rainfall statistics were derived will continue for the 

foreseeable future and perhaps beyond the current long term planning horizon.   

Questions that need to be considered are: 

1. is the duration of record sufficient to capture the cyclical variation in climate? 

2. was the full sequence of instrumental and proxy record used in the analysis? 

The first question assumes climate is stationary and the second refers to the partial 

selection of data.  

Flood risk management must consider that the older paradigms associated with 

stationarity are no longer valid (Jain & Lall 2000, Nott 2003, Milley et al 2008, Westra et 

al 2010) and floodplain managers now have a greater level of uncertainty with which to 

contend. This is also accompanied by a greater obligation to not increase the existing 

burden.  Simply we do not know what the 1% AEP flood level will be in the future and 

so the “precautionary principle”20 must be followed, i.e. set a 1% AEP flood level based 

on what we now know, increasing the magnitude of the freeboard from that currently 

applied.  The difficulty in determining the amount of freeboard is discussed later in this 

chapter. 

Franks and Kuczera (2002) examined the annual flood peaks of rivers in NSW to test 

whether annual maximum floods were independent and identically distributed. In their 

analysis, the El Nino Southern Oscillation modes were considered in concert with 

Interdecadal Pacific Oscillation (IPO) and concluded that “anomalies in regional climate 

persist over multi-decadal timescales”.  They also found shifts in the flood flows 

occurred about 1945 with lower flood peaks occurring in the period 1915 to 1945.  The 

preceding 60 years to 1945 had higher peak flow rates. This trend seems to be 

mimicked by the Brisbane River where there were many higher peak flow rates prior to 

1900. 

                                                 
20 “Where there are threats of serious or irreversible damage, lack of full scientific certainty shall not be 
used as a reason for postponing cost-effective measures to prevent environmental degradation”, Principle 
15 of the Rio Declaration on Environment and Development , downloaded from 
http://www.envirolaw.org.au/articles/precautionary_principle 2 October 2010. 
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In a shorter time-frame, plots of the aggregated SOI and average annual rainfall show 

signs of change over the last 100 years as does the frequency of major floods in the 

Brisbane River (refer Figures 5.2 and 5.3 respectively). 

 

Figure 5.2 – SOI and average annual rainfall21 

 

Figure 5.3 – Brisbane River floods22 

                                                 
21 Downloaded from http://www.bom.gov.au/info/climate/change/gallery/21.shtml  29 September 2010 
22 Downloaded from http://www.bom.gov.au/hydro/flood/qld/fld_history/brisbane_history.shtml 30 
September 2010 
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Both graphs suggest that the flood regime upon which the current perceptions of flood 

probability recurrence understate the position, and we would have different perceptions 

if the whole length of the historic record was used to assess flood frequency. The 

current review of Australian Rainfall and Runoff, “At-Site Flood Frequency Analysis” 

(www.arr.org.au) describes how this can be achieved. 

The perceptions of the magnitude of design floods for the Nerang River are based on 

the length of record at the Glenhurst gauge at Nerang (c.1926). Longer term rainfall 

records dating from 1888 are available for Mount Tambourine.23 However most flood 

frequency studies are based on rainfall and flooding observations that were not 

recorded systematically until after World War 1. That has meant that much of the 

historic anecdotal, newspaper reports and hydro-palaeontologic techniques have not 

been applied to recent flood estimates.  

GCCC (1997) comments:  

In the Merrimac/Carrara Floodplain Taskforce - Background and Issues Paper 

(November 1995) it was reported that severe flooding occurred in 1863, 1864, 

1867, 1870, 1873, 1887, 1889, 1890, 1893, 1898, 1908, 1928, 1931, 1941, 

1947, 1950, 1954, 1964, 1966, 1967 and 1974.   

Newspaper reports indicate that some of the 19th Century floods were greater than the 

1974 Australia Day flood. It should be noted that 12 days before, a flood having a peak 

flow 39% greater was recorded at the same gauge, but the flood volume was 

comparatively small and it did not result in severe flooding (GCCC, 1997).  

Nott (2003) has examined paleo-evidence in Queensland and other parts of Australia 

and noted a series of greater climatic events dating back several hundred years.  He 

also noted even large events at the millennia time scale, and some even more ancient. 

He suggests that these are parts of various cyclical regimes that discount the current 

assumption of stationarity.  

The Bureau of Meteorology (BOM, 2006) now recommends that flood managers should 

assume recurrence of floods larger than those recorded citing South Australia’s flood 

records that exist from 1836 for one part in South Australia. They suggest that so called 

pre-historic floods be investigated by examining stranded river sediments, debris, and 

                                                 
23 Bureau of Meteorology website 
http://www.bom.gov.au/climate/averages/tables/ca_qld_names.shtml  
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trees that germinate at maximum flood levels. The River Murray has a line of black box 

(Eucalyptus largiflorens) trees that germinate at the flood fringe. Two such lines exist, 

one at the 1956 flood level and another about 2 metres above the 1956 flood level 

which radio-carbon dating puts its age at year 1760. A line of red gum tree trunks along 

the banks of MacDonnell Creek in the Flinders Ranges is another indication of major 

flooding. Other evidence is provided for a series of large palaeontologic floods and 

cites debris, cave erosion, and botanical evidence. Such evidence should not be 

discounted and if evidence is found of many floods pre-European history and their 

magnitudes estimated, it is necessary to revisit the flood frequency estimates. 

The above would suggest that the answers to the foregoing questions are: climate 

does have cyclical variations; the duration of accurately recorded information is 

insufficient to capture the cyclical variation in climate; and the full sequence of 

information available was not used to derive current flood probabilities. 

There are two issues here: whether the 100 year ARI event is the correct probability for 

land use planning, and whether the assumed level of residual exposure that the 

community faces is correct. 

With more paleo-hydrologic assessments, hydrologists may find that the magnitude of 

the 200 year, 500 year and 1000 year events are much larger than currently assessed, 

which would skew the magnitude of the residual flood damage estimates. If this is so, 

then the community needs to determine whether the current 100 year planning 

threshold is sufficient, based on what is each community considers is an acceptable 

level of risk. A process to determine an acceptable level of risk is discussed later.  

Climatic cycles 

Nott (2003) examined paleo-flood records and noted evidence of much larger floods 

during the Holocene Climatic Optimum about 5000 years ago when floods were 5 times 

larger than floods over the last 4000-5000 years. 

More recently Westra et at (2010) have used a Monte Carlo type analysis to 

demonstrate the impacts of shorter and longer frequency cyclical regimes, and rising 

and stepped regimes on future flood risk.  They then examined the “natural”: [their 

emphasis] modes of climate variability, and concluded the stationarity principle upon 

which Australian Rainfall and Runoff (ARR 1998) is based is no longer valid. This 

means that the current perceptions of flood risk and floodplain management 

approaches are no longer valid (Milly 2008) and further contributes to the degree of 
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uncertainty that now surrounds floodplain management. Adaptive strategies will be 

required until these uncertainties are resolved (Hirschboeck, 2009). 

Callagan24 has examined 24 and 48 hours rainfall depths at various locations in 

Queensland and found south-east Queensland (SEQ) has the greatest propensity to 

achieve daily rainfall totals over 500 mm and noted that the last 35 years have been 

relatively benign for flooding in SEQ. He observed the current cycle is tending to a 

strong La Nina and that the highest La Nina conditions coincided with major Brisbane 

River floods. 

Anthropogenic change 

The mean monthly CO2 level measured at Mauna Loa Observatory Hawaii during 

August 201025 is 388.15 ppm. These NOAA readings are matched by those at Cape 

Grim, Tasmania (CSIRO & BOM, 2010). Atmospheric CO2 has risen sharply in the last 

100 years, from a long term average of 280 ppm to over 380 ppm. This is larger than 

the atmospheric concentrations of CO2 obtained from the Vostoc Ice Core (refer Figure 

5.4) for the last 400,000 years. Figure 5.4 shows both the CO2 concentrations and 

temperature departures. Temperature tends to mimic CO2 concentrations but with an 

indicative temperature lag of about 200 years. 

  

Figure 5.4 Temperature and atmospheric CO2 concentration 

                                                 
24 Callagan, J. (ret. Director Bureau of Meteorology, Queensland) was a presenter at the Inland Flood 
Study methodology Workshop in Brisbane conducted by the Local Government Association of 
Queensland and the Queensland Climate Change Centre of Excellence on the 27 September 2010 
25 Downloaded from http://www.esrl.noaa.gov/gmd/ccgg/trends/#mlo_data 2 October 2010. 
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Atmospheric temperature increases are also followed by increases in sea water 

temperature and sea surface temperatures (Abbs & McInness 2004). The increase in 

ocean temperature is accompanied by a thermal expansion, increases in ice melt and 

an increase in the frequency and severity of tropical cyclones all of which increase the 

potential for flood damage (CSIRO & BOM, 2007). 

Increased sea levels can be incorporated into estuarine flood models as a downstream 

sensitivity.  The difficulty that faces coastal local authorities at the moment is the 

potential interactions between storm surges and flooding (pers. comm. H. 

Mirfenderesk, September 2010, Gold Cast City Council). Gold Coast is currently 

contemplating a Monte Carlo type analysis26 in an attempt to provide some guidance 

on this matter. 

There are still a number of unknowns regarding the impacts of climate change on 

including length of storm durations, rainfall temporal patterns, and the impacts of 

vegetation change on catchment response times. These impacts will become clearer 

as the science advances. 

Climate change adaptation strategies 

Queensland’s climate is changing (IPCC 2007, CSIRO & BOM 2007) and it is likely that 

damaging floods will not only be more frequent but the impact of extreme events will be 

much greater. The issue for designers is how to respond to the increased design loads 

that are increasing over time.  Connor et al (1990, 2010) proposed a number of 

options: 

• providing for the load that would be expected at the end of a design life 

• providing for effectively an “average” load over the expected life (actually 

targeted at the same average risk level over the expected life) 

• providing for an increase in design loading and adapting the asset during its life 

to accommodate further increases in loading 

• providing for an increase in load now, in the expectation that the asset will have 

to be modified or rebuilt. 

As to which strategy is chosen will depend on the risks associated with the 

development over its design life, the respective economics of each strategy, the 

purpose of the structure and the social and environmental impacts of future disruption if 

upgrading takes place. 
                                                 
26 Stochastic analysis of computational algorithms using random sampling to generate results. 
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When applying this to floodplain management there are few options: 

• selecting the level of land to which development platforms are built 

• providing (additional) flood storage volume as a future flood mitigation measure 

(either upstream or within the vulnerable areas) 

• making provision for the demolition of vulnerable properties and relocating their 

inhabitants 

• making provision in the building structure to allow the addition of high level 

living areas while making the vulnerable lower level more resistant to flooding 

• flood-proofing the housing stock. 

In terms of land use planning, it is probably easier and more economic to construct 

building platforms at a higher level (Connor’s first adaptation strategy). The cost of 

placing an additional 300 mm to 1000 mm of fill when constructing new developments 

is relatively less expensive and less disruptive that the other options.In an Inland Flood 

Study methodology Workshop in Brisbane conducted by the Local Government 

Association of Queensland and the Queensland Climate Change Centre of Excellence 

on the 27 September 2010 (which the writer attended), a possible climate adaptation 

strategy was outlined. The strategy is based on the assumption that a warmer climate 

will allow more moisture to be held in the atmosphere in coastal environments. Local 

authorities are now required to increase design rainfall intensities by 5% per degree C 

(%/K) rise in global warming for storm durations greater than 3 hours (Qld, 2010) for 50 

and 100 year ARI events.  

5.4 PROPOSED METHODOLOGIES 

The writer proposes that the first steps should be to incorporate historic non-

instrumental records (such as newspaper reports, etc.) into flood frequency analyses. 

To these should be added botanic evidence (tree and coral growth rings) to see 

whether the adjusted frequency distributions of European data fit within the total 

biological and indigenous (if available) record. 

The next phase would be to derive the potential rainfall intensity-frequency-duration 

(IFD) curves and apply these to current hydrologic, hydraulic and flood damage 

models. 

Further, increase the IFD data by 7%/K rise in temperature for planning horizons of 

2050 and 2100. 
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Yet to be discussed is how floodplain planning levels should be set. The usual 

Australian approach is to adopt the 1% AEP flood, a level above which all dwellings 

should be constructed (plus a provision for freeboard). The 1% AEP event statistically 

has a 50% change of occurring once every 70 years, about the average life expectancy 

when it was set as the development standard in about 1937 (pers. comm. G. Galloway, 

University of Maryland).   

The 1% AEP event represents a community expectation of a factor of safety of two.  

The writer considers this factor of safety should be adjusted given future adjustments to 

flood severities arising from the proxy records and likely increases in rainfall intensities. 

The United States is taking a risk based approach to the design on New Orleans’ flood 

defence systems following their failure during Hurricane Katrina (Jonkman et al 2009). 

In their explanation, (refer Figure 5.5) the existing level of risk was plotted against 

various proposed dyke heights each representing a particular failure frequency (red 

line). Also plotted on the same graph were the proportionate costs of raising levees 

(blue line). 

 

Figure 5.5 New Orleans flood protection (from Jonkman et al) 

In practice, Jonkman et al discounted the yearly risk of dyke rings overtopping for each 

return period, plotting investment in mitigation works, risk and total costs against the 

event return period. 
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Morita (2008) used an almost identical approach for a Japanese study but included 

mitigation construction lead time sensitivities. He noted that when the capital cost curve 

did not intersect the risk cost reduction curve, there would be no effective flood 

mitigation measures. 

In the above figure, the yellow line is the sum of both the red and blue lines and the 

lowest point represents the optimum level of protection. In the New Orleans context, 

this represents level of protection of 1000 to 5000 year recurrence intervals, depending 

on the location within the City.  

The approach taken some years ago for the Tallebudgera and Currumbin Creeks at 

Gold Coast was to plot the likely flood damage time flood probability against probability 

to derive a suitable planning scenario (Betts 2002). 

Analyses such as these should be undertaken once revised IFD charts have been 

determined and temperature increase sensitivities applied. As far as Gold Coast is 

concerned, there are further opportunities to construct flood mitigation works, but they 

should not be undertaken until thorough hydrologic, hydraulic and flood damage 

analyses are completed and the levels of flood risk are determined. 

One remaining consideration is the quantum of residual risk once flood planning levels 

have been determined. 

Given the likelihood that residual risk will be higher than currently perceived; all 

opportunities to reduce the emergency burden should be taken.  Applications for new 

developments should be examined on the basis whether they will contribute to, or 

reduce, the future emergency management burden. 

5.5 FLOODPLAIN PLANNING 

Historic perspectives 
The history of urban development can have major implications for emergency 

management and particularly evacuation, the urban canal estates surrounding the 

Nerang River in Gold Coast City being a prime example27. 

This area began to develop rapidly in the post Second World War era during the 1950’s 

wool boom, when initially the residents of Brisbane and then the southern states 

commenced a migration to recently filled and developed marshy ground.  At that time, 

                                                 
27 The writer was Gold Coast City’s Coordinator Flood Strategies (1996 – 2002) when the development 
history was explained to residents concerned about flooding, and during the period when evacuation 
sequences were developed. 
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the only flood of record was the significant 1954 flood after which building platforms 

were reclaimed to that flood level.  This ignored the very large floods in South East 

Queensland of the mid and late 19th Century that were larger than any recorded in the 

20th Century (AGSO, 2001). 

At this point it should be realised that western knowledge of hydrological processes 

was in its infancy.  Computers were not readily available and certainly sophisticated 

hydrologic and hydraulic models had not been developed (pers. comm. Mr Bruce Rose 

former System Development Engineer and hydrologist for Tasmania’s Hydro-Electric 

Commission (Tasmania) c.1964-1978?)28.  

Following the much larger Nerang River flood in 1967, many of the homes built in the 

1950s and 1960s were inundated and it was deemed that new construction should be 

above 1967 flood levels.  By 1970, the Australian Capital Territory (ACT) adopted the 1 

in 100 year average recurrence interval (ARI) flood as it minimum development level, 

but this was not taken up by other States until much later (SCARM, 2000). 

In 1974 there was a larger flood in the Nerang River system. It was about a 1 in 70 

year ARI event and some houses built post-1967 were flooded.  It wasn’t until the late 

1980s that the Albert Shire Planning Scheme required all development to be above the 

1 in 100 year ARI flood level (ASC, 1995). 

The implications of these successively larger floods have meant that canal estates 

were built as a series of reclaimed platforms at differing elevations.  With a rising flood, 

estate inundation occurs in a series of approximately 50 to 200 or so lot increments, 

which has serious implications for warning to evacuate and the evacuation process 

itself.  This problem will be compounded by the loss of some roads that were 

constructed early in the development process. 

The difficulty here is that if a flood slightly larger than the 1 in 100 year ARI event 

occurs, massive damage is experienced (Galloway, 1995). 

Floodplain planning criteria comparisons 

Floodplain planning measures adopted in other jurisdictions have common themes:  

(sources ACT 1995, ACT 2000, BCC 2000, CSC803, CCC 2004, DOE UK 2000, 

GCCC 2007, VPP 2000, ICC 2004, LCC 6 1998, MW 2004, NSC 2001, NSW 2001, 

PRSC T4, SPP 1/03, TCC 2003, USACE 1996). 

                                                 
28 The writer was employed in the Commission’s Hydrology Section 1964 – 1970 and worked with Mr 
Rose. 
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Nearly all jurisdictions have adopted the 1 in 100 year ARI flood (plus freeboard in most 

cases) as the basic benchmark for residential floor levels.  

The type of floodplain planning criteria adopted within each jurisdiction is generally 

appropriate for the physical flood conditions likely to be experienced by the people in 

that jurisdiction.  For example: 

a. Townsville is a flat city, and its main drainage systems are wide, reasonably 

shallow with flat hydraulic grades and there might be little difference in flood 

level between the 1 in 50 year and 1 in 100 year ARI flood levels.   

b. Gold Coast City’s floodplain planning criteria were developed in response to 

the high potential for over-floor flooding that commenced with a 1 in 20 year 

ARI flood event.  The flood stage–damage curve is very flat, and the 

incremental cost of flood damage in the Nerang River system can approach 

$250,000 per millimetre rise in floodwater for extreme flood events29.  In this 

context, the floodplain can no longer sustain any further encroachment into 

floodways or loss of flood storage.  At the time of planning policy 

formulation, a high proportion of residents of the canal estates had retired, 

were considered vulnerable and their ability to undertake damage 

minimisation tasks were not considered favourable.  In these circumstances, 

planning criteria included provisions for not adding to the emergency 

response burden. 

c. Queensland’s Noosa development potential has been capped and most 

development areas are now outside the floodplain.  Flood storage is not a 

great issue, and most developers are willing to accept development 

conditions that ensure floor levels are not only above the 1 in 100 year ARI 

flood event, but above probable wave height and sea level rise from 

enhanced ‘Greenhouse’ conditions. 

d. Flooding in Victoria results from moderately intense rainfall falling on large 

rural catchments or on highly developed urban catchments.  Depth, rather 

than velocity is the main issue for dwelling construction. 

e. NSW’s flooding history and the potential for loss of life and extreme flood 

damage has resulted in the adoption of several broad strategies for 

floodplain management.  Most notably NSW has: 

• established a common floodplain management policy state wide 
                                                 
29  This figure was determined in 1997 when the 1% AEP flood was thought to inundate approximately 
8,000 dwellings. This figure was revised to about 3,500 dwellings as the basin for additional flood 
mitigation benefit of the  Hinze Dam. Post dam-raising reduces this to about 1,700 dwellings  (Qld, 
2007). 
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• issued floodplain management guidelines and provided legislation 

that supports local government’s floodplain management at the local 

level 

• been extremely proactive and successful in gaining funding for 

physical mitigation works 

• an advanced emergency planning team that has developed 

response plans, and supported this by an extensive network of 

emergency service providers and 

• provided legislative tools for its public servants that support most 

aspects of flood mitigation. 

The type of flooding experienced in NSW can vary from slow moving, shallow depth 

flooding, to medium depth fast moving, extremely deep flooding, to extreme flash 

flooding. Planning and building strategies have been designed to accommodate these 

wherever possible, and complemented by emergency management plans. 

The differences in two areas are marked. The difference in 1% and 0.5% AEP flood 

levels in Nyngan is not great. However in the Hawkesbury – Nepean River, the 

difference in comparable flood level is huge and the risks to life and property are 

immense (pers. comm. Wilton Boyd30, Steve Opper). 

Table 5.1 below compares flood immunity provisions of various authorities but it should 

be noted that some councils are still reviewing their planning schemes following local 

authority amalgamations and the introduction of the Sustainable Planning Act 2009 that 

superseded Queensland’s Integrated Planning Act 1997. 

Land uses identify whether the premises would become a ‘lifeline’ during an 

emergency, or whether they should be protected because of cultural significance.  The 

highlighted cells indicate the highest flood immunity.  The column with ‘SPP 1/03’ 

indicates the minimum requirement of the State’s Planning Policy SPP 1/03 for 

essential community infrastructure.  These requirements also apply to other local 

authorities in Queensland but have been omitted for clarity. Overall Gold Coast City 

has the highest immunity requirements, followed by Victoria for residential and NSW for 

other uses. 

                                                 
30 Wilton Boyd is a former floodplain manager in NSW and held positions in the NSW Floodplain 
Management Authorities Association. 
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Table 5.1 shows a disparity between the various planning provisions and risk, and 

given likely increases in residual risk, many local authority scheme land use planning 

provisions do not meet the requirements of SPP 1/03.  
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Table 5.1 Statutory flood immunity provisions (c.2004 part 1) 
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Table 5.1 Statutory flood immunity provisions (c. 2004 part 2) 
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5.6 FLOODPLAIN PLANNING GOLD COAST CITY  

This section considers as a case study, the origins and floodplain planning polices of 

Gold Coast City Council which has one of the more rigorous sets of planning provisions 

in Australia.  Gold Coast City is in the unenviable position of having seven major 

streams within its boundary, six of those with significant exposure to residential over-

floor flooding31.   

 

Figure 5.6 Gold Coast rivers and floodplains 

For the design flood (being the 1%AEP flood event for residential property), one river 

system alone provides one of the more serious risks of residential flooding in Australia.  

Because each river behaves differently and has been developed in a different manner, 

the floodplain management approach for each river system also has to be different.  

                                                 
31 Personal knowledge of Gold Coast as its former Flood Strategies Coordinator (1996-2002) 
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The Council has revised its floodplain planning policies for their incorporation into its 

Planning Scheme (GCCC, 2007).  

Planning provisions must consider the risk and damage exposure to existing residents, 

industry and businesses, and consider the potential of exposure to flood risk and 

hazard of individuals within new facilities during a flood emergency.  The Gold Coast 

flood strategy builds upon SCARM (2000) and develops relationships between flood 

hazard, land usage appropriate to the degree of hazard, and risk management criteria 

for various types of facilities. 

The current use of “freeboard” for most cities in Australia is considered inappropriate 

and questionable, as fixed heights ignore uncertainties and the hydraulic 

characteristics of streams. A revised approach is suggested based on probabilistic 

methods.  

In the Coomera and Nerang River systems (where significant over-floor flooding of 

dwellings will occur during a major flood event), any proposed development that will 

increase the rate of run off, or increase flood levels in areas of existing urbanisation 

where overflow flooding will occur, is not permitted.  Over-floor flooding was found 

likely in parts of canal estates of Tallebudgera and Currumbin Creeks and development 

restrictions more severe than those applying in the Nerang and Coomera River 

systems were adopted (Betts, 2002). 

5.6.1 Planning context 

The approach taken in the former Albert Shire Strategic Plan (ASC, 1995) was to 

permit development in flood prone areas in a way that would not disadvantage other 

properties, or state or local government assets.  The Strategic Plan required all 

residential, industrial and commercial development to be above the 1% AEP flood level 

with 150 mm freeboard.  Access to residential areas also was required to be flood free. 

Development was considered possible if land could be filled in a hydraulically sensitive 

manner.  This was to be accomplished by Applications to Change the Level of Ground 

as specified within the Strategic Plan.  Such applications were generally required to be 

accompanied by a hydraulic study.  In many instances land was rezoned for a 

particular use or combination of uses but the development was to be subject to 
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satisfactory hydraulic performance.  In many instances it was been found that 

development as was envisaged at the time of rezoning was not possible32. 

Given a major potential flood damage scenario, with probably more large streams than 

any other area of the country, the City Council has in more recent times, attempted to 

ensure that development occurs in a flood safe manner.  This can only be done if 

development is coordinated as much as possible and that floodplain management is 

done in accordance with best practice.   

For Gold Coast to achieve its major aspirations of sound economic growth in an 

environmentally and effective manner, it has adopted a low physical risk development 

strategy to provide surety to its inhabitants (GCCC, 2003).  This strategy complements 

the position of the national disaster planning bodies and the direction of the federal 

government to ensure that pro-active planning by both state and local government 

agencies minimizes future flood problems (HLG, 2004). 

Development in the City of Gold Coast is intended to be in accordance with sustainable 

development principles as outlined in the Corporate Plan. Accordingly, new 

development is aimed: 

• to not increase, and preferably reduce any reasonable expectation of flood risk, 

flood damage and flood hazard to existing properties 

• to not place their occupants or users at undue risk of flood damage or hazard 

• to not adversely affect flooding so as to reduce the development potential of 

other landowners within the floodplain 

• to not impose any additional burden on, and if possible improve, the City’s 

counter disaster response efforts during a flood emergency. 

5.6.2 Approach 

Section 5.1.2 of the former Integrated Planning Act 1997 defined the “desired standard 

of service” for a network of development infrastructure items.  This concept was carried 

through by the approach adopted for flooding.  The “desired standard of service” for 

development in flood prone areas is defined by the desired degree of flood hazard a 

person might experience during a flood emergency. 

                                                 
32 e.g. proposed Tricare development at Mermaid Waters 
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The approach taken in this document is to:  

• define flood hazard in terms of the safety of the user by the mode of travel having 

regard to depth and velocities of floodwater, evacuation distance and evacuation 

time 

• for each of these relative flood hazards, consider the land use appropriate to 

various degrees of hazard 

• apply a sustainable risk management strategy for each likely land use in a 

floodplain.  This will include a two-fold consideration of annual flood probability and 

required freeboard. 

Factors that affect flood hazard are predominantly related to accessibility.  They 

include: 

• flood behaviour - severity, depth, velocity, rate of rise and duration 

• topography - evacuation routes, islands 

• population at risk - number, fitness and mobility of people, number of 

developments, type of land use, flood awareness 

• emergency management - flood forecasting, warning, defence plans, evacuation 

plans and recovery plans. 

In accordance with best practice, appropriate land uses can be categorised by the 

hazard that a reasonable person would experience during a flood.  There is an over-

riding proviso, those ultimate users of the land or facilities should reasonably expect to 

be able to evacuate to a place of refuge appropriate to the time of day and weather 

conditions. 

Until the current scheme, “freeboard” as it is used in floodplain management has been 

selected as a nominal amount – usually 300 mm for setting the floor levels of 

residential buildings as indicated in Australian Rainfall and Runoff (ARR, 1997).  Other 

freeboards have been used for more important public facilities such as hospitals, 

ambulance, police and fire stations etc.  The setting of freeboard is usually without 

regard to the different catchment or river system characteristics. This is not logical if 

freeboard is intended to provide a specific measure of additional protection.  300mm of 

freeboard offers very little extra protection in a rapidly rising stream where increasing 
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flow translates rapidly to increasing flood level, compared to say tens of kilometres of 

floodplains in some of Queensland’s northern delta systems. 

Floodplain managers sometimes forget the nautical origins and purpose of freeboard, 

and to a certain extent, forget risk management principles and appropriate factors of 

safety.  

Taking the nautical analogy further, decision makers can ask the ship owners for a 

bigger boat if the weather doesn’t look good, or if some of the passengers need special 

care, or if the cargo is valuable or potentially nasty.  It might be possible to increase 

flood storage, or set higher development standards for vulnerable communities or 

assets such as telephone exchanges, hospitals, places of refuge, and emergency 

services. 

Ship owners should be able to choose the cargo that would not be affected by water or 

have the owners use another ship to take their cargo.  In floodplain terms that would 

mean assigning hazardous materials to land that would not be affected, or less likely to 

be affected, by flooding.  

Decision makers can educate their communities and potential buyers about the risks 

they face, what they can do to minimize their potential losses, and ‘lifeboat’ procedures. 

Decision makers have been taught how to get good weather information, but may not 

have been taught how to determine the implications: how quickly waters can rise, how 

many people to evacuate, and what sustenance and shelter are required. 

Finally, having taken all these precautions, addressed planning and development 

control mechanisms, undertaken mitigation works and set emergency management 

measures in place, decision makers and the communities they serve, need to ask 

themselves, have they done enough?   

That question must be answered with a resounding NO.  There will always be a bigger 

flood, people are always moving, goods are always shifting and awareness of risks 

always fades over time.  Disasters of whatever form will strike a community sometime 

and we must consider the ultimate aim of any emergency manager, to build the 

resilience of the community and the capacity of its social and economic systems. 

If it is considered that an appropriate factor of safety for flooding is 2, then for a desired 

level of protection against overfloor flooding for habitable rooms of 1% AEP, floor levels 

should be set at the 0.5% AEP design flood level (Betts 1999).  Freeboard is then the 
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difference between the 0.5% and 1% AEP design flood levels.  Where this still does not 

give a comfortable margin (having regard to wind and vehicle bow-wave action etc.) 

then the freeboard recommended would be the higher of column C or D in Table 5.2 

suggested below. 

Reclamation levels are set for each land use type based on the peak flood level of a 

nominated flood severity; each local authority will set a flood standard appropriate to its 

conditions and magnitude of its over-floor damage exposure.  The Table 6.3 below 

contains a list of uses in Column A with corresponding reclamation levels in Column B.   

However, the amount of “freeboard” required should not be a nominated absolute 

amount (as Column D would indicate) but the greater of a nominated amount or a peak 

flood level of a lower probability flood (Column C) in accordance with risk based 

management. The height requirements of Column D will depend on the type of stream 

(whether a slow moving floodplain, or a steeper creek where debris blockages and/or 

loadings can affect peak flood levels). 

What has not been considered in the above are the impacts of further development, 

both inside and outside the development. Development outside the floodplain under 

consideration can increase run-off rates (impervious areas, reduced travel times, etc), 

unless accompanied by mitigations strategies that can reduce run-off to 

predevelopment flow rates or temporarily or permanently retain runoff.  Development 

within floodplains can have the same effect and can encroach on the freeboard 

provisions. These mitigation provisions are now common in most NSW and southern 

Queensland local authorities. 

It should be noted that some land uses in the following table do not completely accord 

with State Planning Policy (SPP 1/03). Some of the uses in Table 5.3 below have 

levels of protection that are higher than specified in Appendix 9 of the Guidelines to 

State Planning Policy 1/03 (SPPG, 2003).  The main differences are marked by an 

asterisk. The SPP Guideline does not have stringent freeboard requirements as 

recommended below. The main differences are that the writer believes water treatment 

plants should be given a higher level of protection, and archives and infrastructure 

repositories should be above the PMF (refer Table 5.4)  
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Table 5.2 – Reclamation and freeboard requirement (based on Gold Coast Planning 
Scheme) 

Column A Column B Column C Column D 

 

 

LAND USE 

 

SPECIFIED MINIMUM 
FLOOD ANNUAL 
EXCEEDANCE 

PROBABILITY (AEP) of 
RECLAMATION 

PLATFORM 

SPECIFIED MINIMUM 
FLOOD ANNUAL 
EXCEEDANCE 

PROBABILITY (AEP) of 
FLOOR LEVEL 

 

MINIMUM DESIGN 
FREEBOARD ABOVE 

SPECIFIED FLOOD TO 
FLOOR LEVEL (mm)

Disaster management 
facilities 

Fire and Rescue, 
ambulance 

0.2% AEP 0.1% AEP 500 mm 

Hospitals 0.2% AEP 0.1% AEP 500 mm 

Major Electrical 
Switchyards, Power 
Stations, Water 
treatment plants* 

0.2% AEP 0.1% AEP 500 mm 

Police stations 0.5% AEP 0.2% AEP 400 mm 

Places of refuge 
(including educational 
dormitories) 

0.5% AEP 0.2% AEP 400 mm 

Electricity Substations 0.5% AEP 0.2% AEP 400 mm 

Sewage Treatment 
Plants 

0.5% AEP 0.2% AEP 400 mm 

Homes for the aged, 
Hospice 

0.5% AEP Habitable floor level 

0.2% AEP 

400 mm 

Regional fuel storage 0.5% AEP 0.2% AEP 400 mm 

Food storage 
warehouses 

0.5% AEP 0.2% AEP 400 mm 

Hotel residential 
(including lift motors) 

1.0% AEP Habitable floor level  

0.5% AEP 

300 mm 

Educational facilities 
(except if emergency 
shelters) 

1.0% AEP 0.5% AEP 300 mm 

Residential dwellings  1.0% AEP Habitable floor level  300 mm 
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Column A Column B Column C Column D 

 

 

LAND USE 

 

SPECIFIED MINIMUM 
FLOOD ANNUAL 
EXCEEDANCE 

PROBABILITY (AEP) of 
RECLAMATION 

PLATFORM 

SPECIFIED MINIMUM 
FLOOD ANNUAL 
EXCEEDANCE 

PROBABILITY (AEP) of 
FLOOR LEVEL 

 

MINIMUM DESIGN 
FREEBOARD ABOVE 

SPECIFIED FLOOD TO 
FLOOR LEVEL (mm)

0.5% AEP 

Camping grounds, 
Caravan parks and 
Relocatable homes 
reclamation levels 

1.0% AEP Not specified Not specified 

Commercial 1.0% AEP Not specified Not specified 

Light Industrial / 
Warehousing 

1.0% AEP Not specified Not specified 

Theme parks Not specified, but ancillary 
structures and public 

access areas are subject to 
appropriate hazard 

considerations 

Not specified Not specified 

Clubs/non habitable 
buildings associated 
with the enjoyment of 
public open space 

Not specified, but ancillary 
structures are subject to 

appropriate hazard 
considerations 

Not specified Not specified 

Car parking (open 
space and below 
buildings) 

Not specified, but ancillary 
structures and public 

access areas are subject to 
appropriate hazard 

considerations 

Not specified Not specified 

Open space Not specified, but ancillary 
structures are subject to 

appropriate hazard 
considerations 

Not specified Not specified 

Rural Not specified  Not specified 

These provisions are supplemented by additional requirements as set out below. 

5.6.3 Planning for emergencies 

A further development is proposed that considers the use or burden to which a facility 

might be endowed during a flood emergency. 

Emergency use codes (EM1 to EM6) provide a means of classifying various types of 

uses and their probable function in a flood emergency and are used to distinguish 
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different functional requirements for what might otherwise be considered an identical 

land use. 

EM1 Uses essential for the city’s future that should not be located on flood prone 

land. 

EM2 Uses that would provide ‘lifelines’ during a flood emergency. 

EM3 Uses that support the cultural identity of the city. 

EM4 Uses that would support flood emergency and recovery operations. 

EM5 Uses that would add to the overall operational burden during a flood 

emergency. 

EM6 Other development which may add to the operational burden if the flood 

magnitude is above the defined flood. 

In the following table 5.4: 

Column 1 lists the emergency use code. 

Column 2 lists the types of development grouped in accordance with the planning 

scheme’s standard list of purposes. 

Column 3 specifies the defined flood (DF) for the land use in terms of average 

recurrence interval (ARI) in years. 

Column 4 specifies the minimum level of the land upon which development is to occur.  

On larger lots where a considerable area of the land is below the defined 

flood level, it may be necessary to construct filling platforms upon which the 

development is constructed to the levels specified in Table 6.4.  In such 

cases the Assessment Manager may approve the balance of the land 

remaining at a lower level. 

Column 5 specifies the first of two alternate methods for determining the minimum 

floor levels for development.  It is based on the traditional method of 

providing freeboard above a specified flood level.   

Column 6 specifies the second alternate method for determining the minimum floor 

level of development, and uses a factor of safety approach based on flood 

probability.  For example, if the required factor of safety for a development is 

2, and the defined flood has a recurrence interval of 100 years, then the 

floor level is to be constructed above the 1 in 200 year ARI flood. 
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The minimum floor level shall be the higher of that calculated by Method 1 or Method 2. 

Where land does not or can not be developed to meet the specified requirements, and 

in the opinion of the Assessment Manager, no other land is reasonably available. The 

symbols # and @ in the following table have meanings as follows: 

# indicates the specified floor level can be relaxed where no other suitable land is 

reasonably available, providing essential working or storage areas are above 

the PMF level.  In such cases the filling level must remain above the 1 in 500 

year ARI flood level. 

@ indicates that the specified floor levels can be relaxed if there are similar 

facilities sufficiently proximate that can take over the proposed role in a flood 

emergency, providing the subject development’s main storage areas or 

functional or business sections are located above the defined flood. 
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These can be applied to the Gold Coast City planning scheme in the following manner: 

Table 5.3 Recommended floodplain planning levels 

Column 

1 

Column 

2 

Column 

3 

Column 

4 

Column 

5 

Column 

6 

 
 
 

EM Code 

 
 
 
Types of development  

 
Defined 

Flood (DF) 
(ARI years) 

 
 

Filling 
level 

Design 
Floor Level 
Method 1 

(DF + 
Freeboard) 

Design 
Floor Level 
(Method 2) 
(Factor of 

safety) 

Community Facilities 
EM1 1 Telephone exchanges  

2 Infrastructure plan repositories # 
3 Archival storage facilities  # 
4 Government buildings # 
5 Prisons and remand centres 
6 Power stations 

Above PMF 
 

Above 
PMF 

Above PMF 
 

Above PMF 

EM2 7 Television and radio broadcasting 
facilities @ 

8 Places designated as emergency 
refuges in the Counter Disaster Plan @ 

9 University or college residence halls 
10 Food and fuel storage facilities 

500 years DF +  
300 mm  

 

DF +  
500 mm 

1000 years 

EM3 11 Museums # 
12 Art galleries # 
13 Concert halls 
14 Convention facilities 

500 years DF + 
300 mm 

Above PMF Above PMF 

EM4 15 Police ‘shop-front’ and community 
support facilities @ 

16 Charitable facilities @ 
17 Churches @ 
18 Community halls @ 

200 years DF +  
300 mm 

DF +  
500 mm 

500 years 

EM5 19 Lending libraries  
20 Child care facilities 

200 years DF +  
300 mm 

DF +  
500 mm 

500 years 

EM6 21 Swimming pools 
 

50 years DF +  
300 mm 

Not specified Not specified 

Educational purposes 
EM2 1) University research facilities allied to 

counter disaster management 
2) Classrooms, lecture theatres, gymnasia 

identified as places of refuge during a 
flood emergency 

500 years DF +  
300 mm  

 

DF +  
500 mm 

1000 years 

EM3 3) Historical artefacts, records of cultural 
significance 

500 years DF +  
300 mm  

DF +  
0.5 m 

1000 years 

EM4 4) Administration and support  sections of 
the institution * 

5) Classrooms (to reduce the number of 
unsupervised children during the 
recovery phase following a flood) 

100 years DF +  
300 mm 

DF +  
500 mm 

200 years 

EM5 6) Libraries 200 years DF +  
300 mm 

DF +  
500 mm 

500 years 

EM6 7) Sporting facilities 
8) Storage areas 
9) Associated open spaces 
10) Car parking 

20 years DF +  
100 mm 

Not specified but exposed 
persons should not 

experience any more than 
medium hazard flood 

conditions 

Emergency Purposes  



 
 
 
 

 Page 145 

Thesis: Floodplain management Floodplain 
planning 

Column 

1 

Column 

2 

Column 

3 

Column 

4 

Column 

5 

Column 

6 

 
 
 

EM Code 

 
 
 
Types of development  

 
Defined 

Flood (DF) 
(ARI years) 

 
 

Filling 
level 

Design 
Floor Level 
Method 1 

(DF + 
Freeboard) 

Design 
Floor Level 
(Method 2) 
(Factor of 

safety) 
EM1 1) Police headquarters # 

2) SES headquarters # 
3) Ambulance headquarters # 
4) ‘000’ call centres # 

Above PMF 
 

Above 
PMF 

Above PMF 
 

Above PMF 

EM2 5) Ambulance stations @ 
6) Fire stations @ 
7) SES local bases, support and storage 

facilities @ 
8) District police facilities @ 

500 years DF +  
300mm 

DF +  
500 mm 

1000 years 

EM4 9) Car parking 100 years DF +  
100 mm 

DF +  
100 mm 

DF +  
100 mm 

Health care purposes  

EM2 1) Hospitals 
2) X-Ray and medical imaging facilities 
3) Drug and pharmaceutical storage  
4) Medical research facilities 

500 years DF +  
300 mm 

DF +  
500 mm 

1000 years 

EM4 5) Medical centres and doctors surgeries 
6) Dental surgeries 
7) Chemist 
8) Surgical appliances centres and storage 

100 years DF +  
300 mm 

DF +  
500 mm 

200 years 

EM5 9) Hospice 
10) Nursing homes 
11) Personal medical records  

500 years DF +  
300 mm 

DF +  
500 mm 

1000 years 

EM6 12) Car parking 100 years DF DF DF 

Railway activities  

EM2 1) Railway tracks 
2) Stations 
3) Workshops 
4) Railway traffic control facilities 
5) Administration facilities 

100 years DF + 
200 mm 

Not specified, but risk 
management provisions 

apply 

EM6 6) Car parking 100 years DF DF DF 

Utility installations  

EM2 1) Water supply headworks 
2) Major electrical switchyards 

500 years DF +  
200 mm 

DF +  
500 mm 

1000 years 

EM4 3) Water pumping stations  
4) Stormwater pumping stations 
5) Sewage treatment stations 

100 years  DF +  
500 mm 

200 years 

EM5 6) Domestic gas distribution facilities 100 years DF +  
200 mm 

DF +  
500 mm 

200 years 

EM6 7) Car parking 100 years DF  DF DF 

Commercial facilities 

EM4 1) Food distribution facilities 
2) Food markets 

100 years DF +  
200 mm 

DF +  
500 mm 

200 years 

EM5 3) Petrol stations 100 years DF + 
200 mm 

Not specified, commercial 
risk provision apply 

EM6 4) Offices 
5) Retail facilities 
6) General commercial 
7) Club buildings associated with sporting 

fields 

100 years DF + 
200 mm 

Not specified, commercial 
risk provision apply 
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Column 

1 

Column 

2 

Column 

3 

Column 

4 

Column 

5 

Column 

6 

 
 
 

EM Code 

 
 
 
Types of development  

 
Defined 

Flood (DF) 
(ARI years) 

 
 

Filling 
level 

Design 
Floor Level 
Method 1 

(DF + 
Freeboard) 

Design 
Floor Level 
(Method 2) 
(Factor of 

safety) 

Industrial facilities 

EM4 1) Food processing facilities 
2) Food markets 

100 years DF +  
200 mm 

DF +  
500 mm 

200 years 

EM5 3) Bulk fuel storage 
4) Hazardous chemicals 

100 years DF +  
200 mm 

DF +  
500 mm 

200 years 

EM6 5) Offices 
6) Shop-front  facilities 

100 years DF + 
200  mm 

Not specified, commercial 
risk provision apply 

Residential facilities  

EM4 1) Hotels, motels 200 years DF +  
300mm 

DF +  
500 mm 

500 years 

EM5 2) Aged care facilities 200 years DF +  
300 

DF +  
500 mm 

500 years 

EM6 3) Dwellings 
4) Unit and apartment blocks 
5) Hotels, motels 
6) Hostels 
7) Dormitories 

100 years DF +  
300 mm 

DF +  
500 mm 

200 years 

Open spaces 

EM6 1) Parks, playgrounds and associated 
facilities 

2) Sporting fields and ovals 
3) Car parks serving open space uses 
4) Swimming pools 
5) Car parking 

 
 

Not specified but exposed persons should not experience 
any more than medium hazard flood conditions 

The above criteria accord with the format and requirements of Queensland’s former 

Integrated Planning Act (1997) and its SPP1/03. 

Floodplain planning by local and state governments would become more sophisticated 

if duty-of-care obligations are to be met.  This aspect of governance appears to have 

lagged in urban and regional planning with the unfortunate consequence of a 

sometimes uninformed development industry. 

It is considered that higher development standards are required if future misery is not 

to be ‘built into’ urban settlement.  Failure to do so in an increasingly litigious 

community will result in governance resources being diverted from pro-active planning 

to legal defences and the heartache that accompanies the aftermath of a flood. 

If this scenario ensues floodplain planners would need to establish their obligations 

with their legal advisors and undertake floodplain master planning as a matter of 

course.  They would also be encouraged to look at the development standards and 
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take on board new approaches to matters such as freeboard as has been suggested 

above. Whether this can occur efficiently across the planning industry is an issue that 

should be addressed at state level, perhaps by means of a State Flood Risk 

Management Policy as discussed in Chapter 5.7. 

5.6.4 Impact of flood mitigation on planning 

With the raising of Hinze Dam on the Nerang River nearing completion and the flood 

mitigation components of the design achieved, peak outflow rates and peak flood levels 

will drop for the range of flood probabilities. 

Under Gold Coast City’s Guragunbah Hydraulic Masterplan (GCCC, 1997), there is a 

need to consider how much of the ‘benefit’ from reduced flood levels should be 

assigned to future floodplain development or assigned to the community.  Lower peak 

flood levels reduce the cost of ‘balanced cut and fill’ earthworks (refer Appendix C.3).  

Lower peak flood levels also improve the level of immunity from flooding for existing 

residents, businesses and landowners. This matter was hotly debated during Advisory 

Committee meetings in 1997. The actual requirement of the hydraulic master plan 

follows. 

Allocation of Benefit From Further Schemes 

It is recommended that the allocation flood mitigation benefit from further 
schemes be directed primarily to properties at risk from over-floor flooding.  As 
a consequence of such schemes, peak flood levels will reduce in the Merrimac / 
Carrara Floodplain.  Landowners within the floodplain will receive benefits by 
having land that was formerly flood prone being freed from that restriction and 
when undertaking compensated filling calculations also experience changes to 
the nature of stage - storage relationships on their properties. 

Hydraulic Provision 13.1.1 foreshadows some losses in flood storage and 
consequent loss of some of the potential benefit of a flood mitigation scheme 
where Council or Government is unable or otherwise not prepared to fully fund 
all necessary works.  In such instances, Council may decide to instigate a 
“developer flood mitigation scheme arrangement”. 

The current provisions of Part 6 Local Area Plans, Chapter 14 Guragunbah (GCCC, 

2007) do not mention the Hydraulic Masterplan, and so its relevance today needs to be 

reviewed by Council. 

The next question to be considered by Council is whether this Section of the GHMP is 

still appropriate from a risk management perspective. Since the GHMP was first 

formulated, there have been considerable advances in the understanding of risk 
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management processes, also whether the Council and the community should change 

its design flood from a 1% AEP event to 0.5% or event 0.2%, given the cumulative 

adverse impacts of flooding. It is not so much a matter of whether a community can 

‘afford’ a flood that is higher than the flood standard, but whether the societal and other 

consequences are manageable and affordable. 

This matter could be referred to a new Community Advisory Committee (Qld, 1993), 

given the prior history and success of Advisory Committees at Gold Coast, for 

consideration and thence its recommendations to Council. 

Factors that should be considered include: 

• value of further development 

• increased critical mass to support local communities, businesses, employment 

facilities and transport networks 

• whether it is possible to sustain a no-adverse impact development regime given 

the smaller active flood storage volume in the floodplain 

• future flood damages for the range of flood probabilities 

• future damage multiplied by probability for the range of flood probabilities 

• numbers of people, dwellings and demographic profiles of those at risk for the 

full range of flood probabilities, considering their vulnerability, activity, 

resilience, language and cultural backgrounds 

• loss of open space and passive recreation opportunities 

• additional transport and infrastructure loads during both normal operations and 

during storm caused outages 

• pressures on existing facilities that would be attractors to new communities and 

increased populations within the floodplain 

5.7 PROPOSED IMPROVEMENTS TO STATE POLICIES 

5.7.1 State Flood Risk Management Policy 

The writer believes a state Flood Risk Management Policy is required to engender 

greater consistency in policy application through our three levels of government. Its 

absence poses a limitation of the management of flooding and flood risk in 

Queensland. The extent of flooding is generally predictable and floodplain managers 

and planners have to weigh the consequences of flooding with the benefits of 

floodplain use.  With guidance from the state, the adverse consequences of flooding 

could be limited or reduced over time and the best use of flood prone land planned 
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accordingly. (Flood prone land is defined as land that would be inundated during the 

maximum possible flood). 

The state government has devolved floodplain planning policy to local government with 

guidance being provided through State Planning Policy to Mitigate the Adverse Impacts 

of Bushfire, Flooding and Landslide (SPP 1/03), the Queensland Urban Drainage 

Manual (QUDM) and Emergency Management Queensland (EMQ). SPP 1/03 outlines 

matters that are to be included in town planning decisions, QUDM describes the 

technical methods for drainage, and EMQ guidance is directed to planning for flood 

response. 

Such a policy could build on these, the Total Management Plan concepts (c1993), the 

document Floodplain Management in Australia - Best Practice Guidelines in which 

Queensland was represented on the working group and more recent changes to the 

State’s Disaster Management Act. 

A State Flood Risk Management Policy would: 

• define local and state government roles 

• provide minimum standards for local authority planning schemes for the 

allocation of flood prone land to development and the setting of minimum 

floodplain development standards 

• facilitate floodplain management implementation and encourage consistency 

between local government areas 

• provide guidance for consistent assessment criteria for flood mitigation 

proposals 

• provide guidance in flood immunity levels for various transport related 

infrastructure 

• provide standardised levels of service for uses in flood prone land 

• provide guidance on the levels of immunity to be provided for community and 

government assets 

• provide guidance to developers and their consultants regarding matters that 

need to be considered in hydraulic reports presented in support of development 

applications, thereby reducing much wasted intellectual effort 

• establish a framework for determining the degree of residual risk that the state 

is prepared to accept 

• facilitate linkages to flood emergency planning 
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• provide for specialist hydrologists and flood emergency planners to work with 

local governments 

• define linkages between land uses and emergency risk management activities 

• provide the impetus to improve resilience measures within communities and the 

structures built in vulnerable areas 

• provide for the joint consideration of hazards (e.g. cyclone followed by flooding, 

storm surge / riverine flooding, bushfire followed by flooding) 

• establish a framework for ‘recording’ flood information that should include 

planning permissions/decisions linked to a library of flood studies with the 

primary database key being a cadastral land description 

• limit the potential liability of councils in the provision of flood information as used 

to be practised under the NSW Local Government Act 

• provide separation of policy and implementation by the allocation of roles and 

responsibilities between government departments (through the Department of 

the Premier) and local authorities as major implementation agencies 

• describe how the above could be implemented 

• articulate climate change adaptation strategies as they affect flooding 

• develop consistency across local government areas on how flood information is 

presented to the public in a crisis 

• facilitate community involvement in floodplain decision making. 

5.7.2 Modernisation of State Planning Policy SPP 1/03 

A fundamental precept of SPP 1/03 is to avoid or minimise the risks to life, injury and 

property from a flood hazard.  

Flood management is defined as the management of flood risk by integrated 

measures of legislation, economy, administration, structures, technologies and 

education (Simonovic, 2009). 

Making space for water 

The United Kingdom in the last few years has changed its flood management strategy 

under its Making Space for Water Programme (DEFRA, 2004). This title has been 

chosen to recognise that flood flows are a natural phenomenon, require designated 

flow paths and sufficient space to temporally store floodwater. The comprehensive 

strategy includes risk mapping, identification of barriers and incentives to delivery, risk 
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management guidance, stakeholder involvement in decision processes and resilience 

pilot programs.  

In the writer’s opinion, Local authority planning schemes in Queensland do not reflect 

this strategy to the same level and rely on building/development lines that are intended 

to match a planning scheme’s defined flood event and maintain flood storage.  Some 

flood maps upon which the schemes rely are outdated and do not identify safe 

evacuation routes. Some local authority planning schemes have extensive planning 

codes but rarely do they take into consideration the magnitude of residual risk (the 

consequence of floods greater than the “design event”). 

Governance integration 

Land use planning is a matter for state governments, which set the legislative 

framework and overall planning policies. The Queensland government, like many 

others in Australia has devolved the management of development to local authorities. If 

local authority strategies are not appropriate for local hydrologic conditions and 

development applications, and assessment processes are not done well, more frequent 

than planned flood emergencies will arise. Emergency responses by both council and 

state government agencies occur and, in severe floods, financial and other assistance 

will be provided under the federal government’s Natural Disaster Relief Arrangements 

with the states. 

To minimise the adverse consequences of flooding, the federal government’s 

Emergency Management Australia has published a series of manuals and guidelines 

that focus on disaster management, community engagement and emergency 

response. Earlier state and local government land use policies have provided a legacy 

of high levels of residual risk in many areas.  Residual risk is defined by the national 

best practice guidelines as the exposure to flooding when all other flood management 

measures have failed. SPP 1/03 seeks to minimise the future risk, i.e. to minimise 

future development on flood prone land and existing communities that do not have 

adequate resilience programs in place. 

Whilst the emergency and disaster management arrangements are integrated through 

the three levels of government, there is no seamless integration with respect to land 

use planning. Hazard management areas defined in planning schemes are to be 

managed by codes, but there are few formal policy linkages that require councils to 

integrate community education and resilience building programs and emergency 

management with their land development strategies. 
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The Queensland Government is currently conducting a review of SPP 1/03 which 

provides an opportunity to develop a seamless planning policy framework for flooding 

for all levels of government that integrates land use planning, development and 

accompanying resilience programs for newly created vulnerable communities. These 

new communities have no voice in the governance structure except through the 

participants within the development framework. 

The revised SPP could require the implementation of resilience programs that would be 

conducted in accordance with Emergency Management Australia’s (EMA) manuals and 

guidelines. 

Floodplain planning objectives 

Land use planning is but one flood hazard reduction measure and needs to be 

accompanied by complementary programs to increase resilience and improve 

response efforts. Exposure to flood risk is spatially restricted to flood-prone land where 

‘flood-prone’ means land that will be inundated during the probable maximum flood. 

The benefits of land use management as a tool in flood mitigation has been well 

documented. 

The community and government have recognised that it is not practical to prohibit all 

development on flood prone land and permit development only above a defined flood 

event (SPP 1/03). The current United Kingdom approach allows for different levels of 

immunity in different areas. 

The key objectives for floodplain planning must aim to: 

• not increase, and preferably reduce any reasonable expectation of flood risk, 

flood damage and flood hazard to existing properties 

• not place floodplain occupants or users at unreasonable risk of flood damage or 

hazard 

• not adversely affect flooding so as to reduce the development potential of other 

landowners within the floodplain 

• not impose any additional burden on, and if possible improve, the local 

authority’s counter disaster response efforts during a flood emergency. 

Duty of care 

The writer considers there are two fundamental principles missing in planning policy 

application:  
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• Developers that propose and/or construct developments, and the authority that 

approves development, have an obligation to ensure that future residents are 

not exposed to unreasonable risks. 

• Such developers and the approving authority have a duty of care to inform 

future residents of the risks they face. 

This requires significant interaction between planning codes and other forms of 

preventative mitigation that should be determined at the time of development approval, 

preferably during a Material Change in Use application. Developers should comply with 

the modern approach of building resilience in communities and integrating emergency 

planning with development. 

The development industry and local governments do not generally realise that during 

the development design and assessment process, the people involved in the process 

are the only people involved and have a responsibility to the future occupiers of the 

land. 

Whilst there seems to be no statutory obligation on a local authority to provide flood 

level information, the fact remains it is probably the only entity able to hold a single 

repository of flood information for its locality. Given that it requires developments to be 

constructed having regard to flood levels, and because there are few statutory 

requirements for builders to construct dwellings above a designated flood level, flood 

information has to be made available to the public. A local authority then has a duty of 

care when issuing flood information to those who might reasonably expect to rely on it.  

Cumulative impact of development 

It is considered a revision of the SPP should make recommendations regarding the 

implications of approving a series of smaller developments without consideration of the 

cumulative impacts of development on a wider catchment. This was a matter 

considered by the Planning and Environment Court in 1996.  The Court stated that 

where extensive areas of urbanisation are already at risk from flooding, a conservative 

approach is essential and in such cases any increase in peak flood levels for one 

contributing development would be unacceptable. 

It is the intent of the Sustainable Planning Act (2009) that an application for a Material 

Change of Use should consider the regional context and how a new 

development would relate to areas outside the development footprint. This can be 
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interpreted as requiring answers to the following questions that would be asked in the 

development assessment process. 

• What is the impact of individual developments over a wider catchment area?  

• What is the impact of implementing similar development strategies over a wider 

catchments area?  

In floodplains, the first stage of development should be overly conservative in mitigating 

any adverse impacts so that future stages of the development are not compromised. It 

is not appropriate to approve an early stage without any study of the wider impacts, as 

subsequent stages may not occur, in which case the cumulative effect of a number of 

independent spatially disparate early development stages would not be known. 

Hazard and resilience 

The SPP 1/03 assumes that local authorities have undertaken a risk management 

process to define hazard management areas in accordance with a Defined Flood Event 

(DFE). As far as the state’s interest is concerned, a DFE hazard area corresponds to 

the area of inundation from a 100 year ARI flood. This level of immunity is considered 

inadequate for many types of development which will be discussed in the next section. 

Some local authorities have required different levels of immunity for different asset 

types, e.g. 500 year ARI immunity plus freeboard for hospitals. 

The DFE approach is but one part of a community resilience continuum that must span 

from vulnerability to as high a level of resilience as possible. Local government will 

need guidance from the State and Commonwealth governments as to a desirable level 

of resilience to formulate their resilience planning and implementation. At the local 

government level, we believe additional resilience measures should be identified and 

provided at the Material Change of Use (MCU) stage of a development application. 

These must be sufficiently adequate to support a defined level of protection that needs 

to be set in collaboration with the community, as a level of protection above the 

nominated flood recurrence interval that is the DFE.  

To paraphrase Arnstein’s “Ladder of citizen participation” (Arnstein, 1969), land use 

and emergency planners require a ‘ladder of community resilience’ particularly with 

respect to flooding. Each rung of the ladder is an incremental improvement in 

resilience. Defining flood planning levels for a “green fields” development and 

nominating flood evacuation routes should be considered as the bottom rungs of the 

ladder. The next ladder rung is incorporating water and flood resistant dwellings. 
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Educating communities and training them how to respond to a flood warning would be 

the next step.  

Further steps would include developing intra-community mutual assistance programs, 

involvement in community consultation programs, and at the highest rung (a measure 

of last resort), the need to seek outside assistance (rescue and recovery). Each rung 

also needs its own supporting attributes: the level of the development platform, housing 

codes, evacuation by which route to where, how safe is “where”, who will feed, clothe, 

and keep evacuees safe, etc, to ultimately who will rescue and how safe is rescue. 

The above requires a fundamental cultural change to floodplain management but it can 

be initiated within the parameters of a revised state planning policy. 

For larger developments, as a first step, developers could be required to present the 

flood resilience measures proposed for the development, how they intend to ensure 

those resilience measures are to be achieved (including financial support), and how 

they are to be executed in a manner that refer to and accord with specific provisions 

within the manuals and guidelines published by Emergency Management Australia. 

5.8 SUMMATION 

Emergency managers have a role in shaping and influencing the preventative aspects 

of disaster mitigation. That influence for flooding can be directed to floodplain 

development applications, particularly evacuation and physical mitigation measures. 

Their imprimatur can also assist in the development consultation process. 

Development control specifications of planning schemes should not only consider flood 

immunity, but the methodology, complexity and scope of the level of detail and 

administrative arrangements local authorities need available together with its floodplain 

development applications. 

Development planning criteria and development application controls in South-East 

Queensland should be strengthened, particularly in relation to the function and 

performance of a development during a flood emergency as to whether it will support or 

hinder the counter disaster effort. 

There would seem to be a need to review development standards that consider both 

the quantum of potential flood damage and respective flood probabilities, and then 

determine whether the community can afford the consequences of less frequent 

events. 
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Flood emergency planners need to engage with the community and inform them of 

their hazard potential; the steps individual householders can take to reduce the amount 

of flood damage, what information to seek, where to find that information and then how 

to act upon it. 

The hydrology of design floods should be reviewed on a regional basis taking into 

account reports of anecdotal evidence of 19th Century floods, biological and 

paleontological evidence and sensitivity tests of possible future climate change 

impacts. 

Sea level rises are expected to continue and with the increased intensity in tropical 

cyclone behaviour resulting from climate change, an improved method of determining 

the potential joint probabilities of storm surge and heavy rainfall is imperative. 

A major gap in government flood risk policy is the setting of defined flood events, 

particularly in a changing climate. What is not done at present is to determine the cost 

of flooding that the community can sustain and then compare that to a governance 

area flood probability damage curve. This would determine acceptable flood planning 

probabilities and define the magnitude of the residual risk. 
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6 FLOOD BEHAVIOUR 

Decision makers need a basic understanding of flood behaviour to successfully defend 

a community during a flood emergency. They need to understand the impacts of rainfall 

patterns on hydrology, how inflow hydrographs and boundary conditions affect 

hydraulic modelling and the forecasts that are produced.  The technical theme matters 

discussed in this chapter are outlined in red in Figure 1.2.  This theme includes a ‘trust’ 

element, whereby both decision makers within the Disaster Management Group (DMG) 

and the community ultimately need to rely on the validation and accuracy of flood 

forecast produced by modelling processes. 

 

Figure 1.2 Factors affecting decision makers 

6.1 HYDROLOGY 

Flood magnitude and behaviour depends upon a variety of factors. Successful 

simulation of the behaviour of potential future floods will depend on the accuracy of a 

number of assumptions:  
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• the pattern in which a given quantity of rain will fall (temporal33 and spatial 

distribution of rainfall over a catchment) 

• the development of design floods based on the frequency of rainfall depths over 

a series of standard time durations, which are then distributed through a 

catchment both spatially and temporally, which then have to be routed to a 

nominated discharge point, and calibrated to historical floods which are 

sometimes attributed an annual exceedance probability (AEP) 

• the behaviour of floods and consequent impacts 

• the means by which local authorities consider the impacts of flooding and their 

reliance on hydraulic reports 

• flood damage analysis. 

The distribution of rainfall through a catchment is based on existing geography and 

topography, the routing method and calibration constants used. Hydrological modelling 

processes are well known among professionals and therefore will not be discussed 

here. 

6.1.1 Temporal patterns 

Another element in successful hydrological modelling is the reliance on the time 

distribution of rainfall (temporal pattern), which will have a significant influence on 

perceived run-off rates. In the real world, temporal patterns are also affected by the 

direction and speed of the storm as it passes over a catchment, which is particularly 

important for short rivers if the storm tracks ahead of the flood wave. However this is 

usually ignored in modelling, as it is assumed that standard temporal patterns reflect 

the higher intensity rainfall events. It is commonly expressed as a percentage of total 

rain per time increment or as a mass curve. Temporal patterns are developed by 

analysing many individual storms over a long period to derive a ‘typical’ temporal 

pattern.  This is used to develop synthetic hydrographs for individual storm types. 

Southern Queensland is influenced by three different types of weather: thunderstorms, 

“East Coast low pressure systems” and remnant tropical cyclones that follow the coast 

southwards.  Thunderstorms are short duration events that usually do not precipitate 

sufficient rainfall to fill river systems and floodplains.  They cause nuisance flooding 

from overloaded stormwater drainage systems. 

                                                 
33 A rainfall temporal pattern is the collective time distribution of a series of rainfall bursts within a 
particular rainfall event. 
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Tasman Sea low pressure systems that move overland result in overbank discharges 

of rivers and filling of floodplains but are usually of insufficient magnitude to cause 

flooding that would affect many houses.  In South East Queensland, riverine floods up 

to the 30 year ARI are caused by Tasman Sea low-pressure systems. 

The last major riverine flood that caused serious overfloor flooding was the Australia 

Day flood in 1974 when Cyclone Wanda crossed the coast near Double Island Point. 

This flood was perceived to be close to a 100 year ARI event in the Brisbane River and 

about a 65 year ARI flood event in the Nerang River, but was prior to the construction 

of Hinze Dam and its flood mitigation benefit (GCCC, 1997). 

The standard temporal patterns in Australian Rainfall and Runoff (ARR, 1987) are 

widely used and accepted. However in floodplains where increases in flood levels, or 

acceleration of flow through the floodplain is not a good strategy, then sensitivity tests 

are needed to determine whether the standard temporal patterns are still appropriate. 

Gold Coast Council commissioned Australian Water Engineering (AWE, 1999) to 

review the temporal patterns by analysing over 30 years of storms for 12 spatially 

independent stations within the same catchment.  It found that the most common 

temporal pattern (determined by statistical analysis) was different from the “standard” 

pattern published in ARR. ARR (1987) was updated and the country was divided into 

several zones. They were also checked against observed flood frequencies in Albert 

River, and sensitivity studies done for Coomera and Nerang Rivers. They found that for 

the Gold Coast region: 

• there were different patterns for storms having average recurrence intervals 

(ARI) < 30 years and than from those with ARI  > 30 years (indicating the 

different nature of east coast lows from cyclonic patterns 

• most of the rain in a 72 hour pattern was earlier than 50 hours 

• up to 48 hours, patterns were similar ARR87 for Zone 1. 

The implications are that the boundary between Zones 1 & 3 (Zone 3 is South East – 

Central Coastal Queensland) should be further north and probably closer to Caloundra 

for lower order floods. The ARR (1987) boundary is based on a climatologist’s view 

rather than on a rigorous analysis of data (pers. comm. Prof. D. Pilgrim 2000).  

Engineers Australia is currently revising ARR and updating the zones and temporal 

patterns. 
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Figures 6.1 and 6.2 tabulate and plot the 24 hour temporal patterns for the Nerang 

River upper catchment. 

% RAINFALL
HOUR ARR77 ARR87 AWE2000

1 11.9% 2.6%
2 19.5% 0.9%
3 8.0% 1.6%
4 6.0% 6.8% 1.0%
5 5.0% 1.9%
6 2.9% 3.5%
7 0.8% 5.0%
8 9.0% 2.1% 5.8%
9 3.2% 3.6%
10 1.1% 5.2%
11 1.5% 6.9%
12 17.0% 1.2% 7.6%
13 3.6% 14.6%
14 4.5% 3.7%
15 4.1% 7.4%
16 41.0% 2.3% 8.7%
17 1.3% 3.7%
18 6.0% 3.4%
19 8.1% 2.3%
20 25.0% 1.8% 2.8%
21 2.6% 2.0%
22 0.7% 3.1%
23 0.6% 1.5%
24 2.0% 0.4% 1.2%  

Figures 6.1 and 6.2 Nerang River 24 hour temporal patterns (from AWE 2000) 

The differences between the ARR 1977 and 1987 temporal patterns are significant, but 

the writer has not investigated the reasons for the differences.  
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What is more instructive is Figure 6.3, a plot of the percentage of rainfall against 

percentage of time. This compilation plot has 285 individual rainfall bursts of which 

40% have durations less than 48 hours. The average duration of all bursts is 63.3 

hours, which is very close to the 100 year ARI design flood duration of 72 hours. 

 

Figure 6.3 Temporal distribution of rainfall (from AWE 2000, drawing 97-0214 

The ARR 1977 and 1987 temporal patterns would both fit within the scatter of Figure 

6.3 and could be said to be equally valid for flood estimation. All patterns within the 

scatter have occurred and could recur. The scatter is widespread and it is difficult to 

select only one temporal pattern. One way to deal with this is to undertake a series of 

sensitivity tests assuming the bulk of the rain falls at different periods. This approach 

will then determine the critical temporal pattern for the catchment. These are likely to 

differ for both the flood emergency model and the land use planning model. 

However the writer recommends these sensitivity studies are directed to determine 

peak flood levels at various parts of a floodplain, and an envelope of peak flood levels 

created that would become the designated flood planning levels.  
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This is a different approach from current practice of determining which 100 year ARI 

storm duration event produces the highest flow, and adopting the corresponding flood 

levels at the designated flood levels for planning purposes. 

These storms have to be routed through the various sub-catchments with rainfall from 

the most distant sub-catchment taking longest to reach the area of concern. If the 

storm travels at the same rate of progression and in the same direction as the flood 

wave, flooding can be severe as the impacts aggregate. 

6.1.2 Forecasting lead times 

One element of flood forecasting is accurately determining the lead time available for 

flood defence and evacuation.  Historically, this has been done by using hydrologic and 

hydraulic models.  However, during a flood emergency, running such models “on the 

fly” may not be appropriate.  A counter disaster plan’s flood section will have a series of 

inundation maps printed for various stages for the “standard floods”.  However, floods 

do not behave in the same manner as “standard floods”, due to the variability of rainfall 

depth and temporal patterns, antecedent moisture conditions, rainfall intensities that 

lead to overall flood volume.  However, mainstream flood flows have reasonably 

constant velocities (depending on flood magnitude) and to the writer has developed a 

graphical means of depicting flood travel time as indicated in Figure 6.4. 

Figure 6.4 Flood travel influence lines 
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In the preceding figure, the official forecast flood levels provided by the Bureau of 

Meteorology might be at Forecast locations #1 and #2 (say 20 km and 12 km), however 

the critical locations for the local authority might be at A, B and C. By setting up a graph 

such as depicted above, once the likely AEP of the current flood is known, travel time 

long the river’s main stem may be determined with some level of confidence. 

6.2 DETERMINING FLOOD BEHAVIOUR AND IMPACTS 

Figure 6.5 gathers some of the factors involved in successfully simulating flood 

behaviour, with those factors within the yellow rectangle. 

 

Figure 6.5 Accuracy of flood models 

In the above figure, flood levels derived by hydraulic modelling will be compared with 

flood levels measured at key points, either for calibration of the model (against 

historical observations), or during the current flood to check the accuracy of 

predictions. Results from earlier inaccurate models may have been used to set land 

development and building floor levels that will have an impact in later years, when 

future catchment, floodplain or climate changes increase runoff and flood levels to even 

higher levels. Decision makers need to be aware of the potential for such changes. To 

understand flooding, from the initiation of a rainfall event to the aftermath of a flood, 

requires that subject to be broken into four broad headings. 
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• catchment response to rainfall 

• river/floodplain response to flood flow 

• computer modelling of the river/floodplain behaviour 

• implications for emergency management. 

Catchments: 

• location of rainfall stations  

• rainfall depth, rainfall rate, time spacing of bursts, previous rainfall, catchment 

loss 

• catchment and sub-catchment shape, slope, valley and stream network, 

channel storage 

River/floodplain system: 

• channel network, land elevation, storage, slope, roughness, area, length, 

hydraulic profiles 

Modelling: 

• historical data 

• hydrological modelling -   software, data sets, calibration, results 

• hydraulic modelling -   software, data sets, calibration, results 

• predictions/results 

• impact of predictions 

• testing landform/climate change 

Emergency: 

• Planning:  prediction, evacuation planning, counter disaster, system  

  development, procedures 

• Response:   recording, prediction, operations, evacuation etc. 

• Recovery:    clean-up, records, financial, rebuilding 

The following thematic diagram presents elements of the continuum from catchment 

hydrology, hydraulic performance, numerical modelling to their use in emergency 

management: 
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Figure 6.6 Flood behaviour and impacts 
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6.2.1 Local authority focus 

A Council is a statutory body that has a legal responsibility for land use planning and 

development control.  It inputs into counter disaster management and covers a 

geographic area with many other complex systems.  Many of these systems have a 

significant flooding vulnerability and it is important to focus on what really matters.  It is 

“what really matters” that is often difficult to define. 

When a flood does occur, the local authority may be under intense scrutiny for its 

previous floodplain planning decisions in a contentious development environment. 

Decision makers need to be aware of the fundamental bases upon which such 

decisions are made, any adverse flood impacts that may have been noted in flood 

reports, and any areas noted as susceptible in those flood reports. The issue of flood 

reports is discussed Appendix D. 

Development testing 

Developments involving changes to landform have the potential to change hydraulic 

systems, and where they do, the amount of change must be measured against a range 

of flow conditions for: 

• water level 

• extent of inundation 

• flow 

• velocity 

• duration and timing of inundation. 

Where there are measurable changes, the impacts of the changes have to be 

considered.  In inland rivers in pastoral or agricultural areas, increases in peak water 

level of 100 mm are often considered sustainable.  In residential areas of cities where 

over-floor flooding is already anticipated, widespread increases in flood level of 5mm or 

more are usually considered unacceptable. 

The following processes are followed to test developments: 

• develop a base case to represents the existing condition 

• develop a test case to represent the post development condition. 
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If there is afflux that would cause actionable damage the new development should be 

refused.  If there is no increase in flood damage then flooding may be considered not to 

be an issue that would warrant refusal. 

The data sets (hydrology, digital landform, downstream boundary and calibration) are 

important to determining peak flood levels. The choice of hydraulic modelling software 

(one, two and three dimensional) is also important. Software should be appropriate for 

the intended physical conditions, be easy to use and be capable of integration with GIS 

systems. 

Assumptions used in modelling 

Successful hydrologic and hydraulic modelling requires a series of assumptions for 

town planning purposes. 

Hydrological models: 

• the computer model has been successfully calibrated 

• the ratio of pervious and impervious areas in each sub-catchment accords with 

the strategic plan (i.e. catchments can be considered to be fully developed) 

• rainfall is accurately measured and can be appropriately represented across 

sub-catchments 

• all dams/water storages are full at the start of the storm 

• initial and continuing losses chosen for design runs will be reasonably 

consistent with real events 

• the outflow hydrographs produced will reasonably replicate catchment outflow 

and provide sources of inflow for hydraulic models. 

Hydraulic models 

• rainfall over the area of the model is appropriately modelled 

• the computer model has been successfully calibrated 

• downstream boundary conditions inserted in a model run have a reasonable 

chance of being replicated during a real flood event 

• energy losses at structures replicate reality 

• in some one-dimensional models, the impact of Priessmann’s34 slots are 

negligible (van Kalken & Roberts, 2008) 

                                                 
34 Alexandre Priessmann developed a ‘slot’ at the bottom of hydraulic model cross sections to allow the 
simulation of pressure flow in a free surface system. 
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• in branched one-dimensional models, the flow redistribution of the branch 

replicates reality and any expansion losses are accounted for 

• in one-dimensional models, flow is averaged in both vertical and horizontal 

directions 

• that the roughness values chosen apply throughout a range of flow depths 

• the viscosity of water remains constant throughout the flood 

• in two-dimensional models flow across residential areas can be represented by 

very high roughness values, depending on the spacing of the grid. 

 

6.2.2 Modelling Objectives 

For planning flood levels 

An element of conservatism is built into models to ensure that modelled peak flood 

levels are generally higher than would be recorded if the hydrological conditions 

applied to the model actually occur.  Common conservative approaches are: 

• the level of catchment development included in the hydrological model is at or 

higher than the strategic plan 

• developments and infrastructure considered possible for the floodplain during 

the life of the strategic plan are included even though planning approval might 

not be given 

• there is base-flow in the river prior to the flood 

• lower initial/continuing loss rates than recorded 

• all dams/water storages are full prior to the flood 

• floodplain roughness is high to represent high seasonal vegetation growth. 

For development testing 

• developments must be tested against the conditions most likely to prevail when 

that development is constructed 

• they must also be tested on a cumulative development model 

• sensitivity testing for a range of flood magnitudes are usually based on 

probability of occurrence 

• sensitivity testing for a variety of conditions, e.g. high flow rates that would 

result from low tailwater levels, rather than high tailwater levels used for flood 

planning levels. 
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6.3 ADVERSE FLOOD IMPACT 

Adverse flood impacts assessments are undertaken to determine the number of 

people, properties and businesses that are likely to be inundated through a range of 

standard flood events. These need to be identified by location and they will be a 

fundamental basis for assessing the merits of development applications but more 

importantly in the writer’s opinion, for developing flood emergency preparatory and 

evacuation plans. Without focussed preparation, flood response efforts are likely to be 

uncoordinated or lack strategic direction. 

Decision makers within the DMG should also know the methodology by which at-risk 

properties are identified. This methodology is usually based on the development of 

flood surfaces converting flood model output to a series of flood heights across the 

floodplain using GIS methods. These GIS surfaces, when matched with the cadastre 

and land levels, provide flood depths not only for property but also evacuation routes. 

Groups of at risk properties can be clustered within GIS polygons and results printed as 

tables.   

Households having aged or incapacitated (physical and medical) residents should also 

be identified within the GIS system. Access to this GIS table would be subject to 

individual permission and authorised release of information by the senior medical 

officer, to facilitate the security or early evacuation of incapacitated residents as 

deemed necessary.  Similar GIS tables should be established for those having a poor 

knowledge of English and who may not comprehend warnings. These people could be 

identified through census data if Commonwealth privacy concerns could be overcome. 

Other GIS tools could include emergency, recovery or assistance vehicle tracking, 

identification of calls for assistance, reports on flood advance, critical levels for key 

infrastructure and community ‘lifelines’. 

A commentary on flood damage estimation methods and applications is provided in a 

peer reviewed paper reprinted in Appendix B. 

6.3.1 Damage categorisation 

The impact assessment should also include the potential and likely flood damage for a 

series of flood probabilities and the Average Annual Damage (AAD).  AAD expresses 

the cost of flood damage as a uniform annual amount based on damages inflicted by a 
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range of flood magnitudes (QDNRM, 2002). These are needed to support subsidy 

applications, justify investments in flood mitigation infrastructure and gain political and 

community support for education and awareness programs. 

As outlined in Chapter 1.3, tangible damages are financial in nature and are assessed 

by determining the damage or loss caused by floodwaters wetting goods, possessions 

and assets, the loss of wages, clean up and post flood recovery. They are subdivided 

into direct and indirect damages: 

• direct damages are caused by the wetting of items and assessed as either 

equal to the cost of repairs and loss of value, or the replacement cost of the 

item  

• indirect damages are the additional financial losses caused by a flood such as 

the extra cost of food and accommodation, loss of wages, loss of production 

and opportunity cost to the public caused by the closure or limited operation of 

public facilities.  

Intangible damages include the increased levels of emotional stress leading to mental 

and physical illnesses, which can continue for a number of years. Flooding is 

particularly traumatic for children (BTE, 2001). Intangible damages also include the 

adverse impacts on heritage and the environment.  

6.3.2 Flood stage-damage estimations 

However the estimation of flood damage (actual following a flood, and pre-flood 

potential damage estimates) vary widely (Blong, 1999) and can be contentious (Nifsan 

v GCCC, 1997). The possibility of a range of flood damage estimates for a particular 

flood scenario, can be used by developers and community spokespersons to support 

or deny the benefits of a development to serve their own agenda35. The NSW 

Department of Environment, Climate Change and Water provides a Residential Flood 

Damage and supporting calculation spreadsheet on its website 

www.environment.nsw.gov.au/floodplains/StandardFloodplainRiskManagement.htm 

which includes typical stage-damage curves to avoid such variations. 

Published information available for theoretical flood damage estimation is directed to 

determine the potential flood damage rather than likely flood damage (as would be 

determined by insurance loss assessors after a flood). Potential damage assumes that 

property owners or householders take no action to reduce flood damage (such as by 
                                                 
35  Personal observations whilst employed by Gold Coast City Council. 



 
 
 
 

 Page 171 

Thesis: Floodplain management Flood 
behaviour 

removing items from the flood zone). Likely damage is calculated by applying a 

reduction factor to the estimated potential contents damage. This factor is based on 

previous flood data and relates to community prior experience, perceived residents 

awareness and preparedness and flood warning time. There is some uncertainty in the 

magnitude of the damage reduction factor as it is believed motor vehicles were 

included in the initial analysis. 

One of the earlier major flood damage assessments was made by SMEC in 1975 

following the January 1974 Brisbane flood (Read-Sturgess, 2000). Further flooding in 

the 1980’s resulted in the development of ANUFLOOD (Smith and Greenway, 1992), a 

flood damage assessment computer program, developed at the Centre for Research 

and Environmental Studies at the Australian National University, Canberra. The flood 

damage curves developed for residential and commercial property became the default 

flood damage estimation method in Australia.  

Contemporaneously, Water Studies Pty. Ltd. (Queensland) had undertaken its own 

actual flood damage assessments in Nyngan after its 1990 flood. Water Studies 

subsequently published its FLDAMAGE model user manual (Water Studies, 1992). Its 

methodology was to examine the actual damage within a building and note the 

placement of household items to determine a flood level – damage relationship. This 

method was applied to the development of flood damage estimates at Gold Coast City 

Council in 1996 and 1997 in defence of a deemed town planning refusal in the 

Planning and Environment Court (Nifsan v GCCC, 1997).  

Blong (1999) developed ANUFLOOD to a further level of sophistication for application 

in NSW after Macquarie University took over ANUFLOOD when D.I. Smith retired from 

CRES (pers. comm. Smith). Blong considered flood stage-damage curves used 

previously paid insufficient attention to structural and contents damage.  The 

methodology also changed with damage assessments based on assumptions of 

building flood level. 

Flood damage calculation methodologies were reviewed by Read-Sturgess (2000) for 

the Victorian Government and developed the Rapid Appraisal Method (RAM) for 

floodplain management. Read Sturgess updated ANUFLOOD curves and incorporated 

those into the RAM. 

In January 2001 the Bureau of Transport Economic released a report on the costs of 

natural disasters in Australia (BTE, 2001) which provided guidance on assessment 

methods for other types of tangible damage.   
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This was followed by the Queensland Government publishing guidelines to assess 

tangible flood damage (QDNRM, 2002) for residential and commercial properties that 

had experienced over-floor flooding. Its information was based on actual damage 

reports and other information gathered to classify damage by value class and building 

area.  

The Queensland figures are based on updated ANUFLOOD stage-damage curves. 

Blong (1999) commented that much of the early flood damage information was 

assessed differently than would be assessed today. Flood damage data from the 

1970s and 1980s was determined on the basis that goods damaged on average had 

50% of their life remaining. Under today’s insurance regime, many insurance policies 

provide “new for old” replacements. This would indicate that the ANUFLOOD stage-

damage curves need to be updated. 

Three other factors also need to be considered if the Queensland stage-damage 

curves are to be updated. The building floor areas stated in the Queensland guidelines 

are small by today’s standards.  A large house is considered to be over 140 square 

metres in area whereas a smaller home today is 150 square metres. The types of 

houses inundated in Brisbane’s 1974 flood and inland Queensland homes differ in their 

construction technique and structural and building fabric damage. The costs of repairs 

will be different today. The third factor in which to modernise costs are the relative 

building and construction price indices available from the Australian Bureau of 

Statistics website36. 

Gold Coast City Council developed its own flood damage estimation method using GIS 

techniques and stage-damage curves developed by Water Studies Pty. Ltd., (Betts & 

Carroll 2001, Betts 2002). This procedure is still being used (pers. comm.. H.  

Mirfenderesk37 but its underlying stage-damage curves have been updated by WRM 

Water and Environment Pty Ltd (WRM, 2006) which developed a series of stage 

damage curves for Maroochy Shire and Ipswich City Councils in 2005 and 2006 (WRM, 

2006). The methodology used to assess internal damage was based on a room by 

room assessment of contents and the relative elevations above floor level.  These were 

undertaken by an insurance loss assessor. 

 

                                                 
36 Australian Bureau of Statistics www.abs.gov.au   
37 Hamid Mirfenderesk is Council’s Flood Strategies Sections’s Coordinator. 
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6.3.3 Flood damage estimation 

Potential direct damage 
The first step in a damage calculation is to determine which properties and buildings 

are likely to be affected by flooding and the likely depth of over-floor flooding for each 

building. The estimated potential damage per building is calculated by applying a flood 

depth (stage) – damage curve to each building flooding depth. Potential damage 

across the floodplain is determined by aggregating individual building damage. This 

work is easily achieved in a GIS environment.  

In assessing potential damage a number of assumptions are often made: 

• that no actions are taken by flood affected persons to protect their property  

• where floor levels of buildings have not been surveyed, all buildings are at the 

same average height above ground level determined at the centroid (a standard 

elevation of 200 mm is often assumed for slab on ground properties as this 

accords with on-site drainage requirements of the Building Code) 

• land use and building classifications included in the digitized cadastral database 

(DCDB) are accurate 

• stage-damage curves developed by the Queensland Government in 2002 

(QDNRM, 2002) can be adjusted by the consumer and building price indices to 

current dates. (The NSW spreadsheet includes average weekly earnings 

statistics). 

Where no detailed information is available, further assumptions have to be made for 

other types of property: 

• damages to rural residential properties could be assessed in a similar manner 

to residential properties. This would be conservative as rural residential 

properties are likely to have outbuildings and carry more machinery, animals 

and infrastructure. 

• public infrastructure damages can be assessed on a $ per km length of road 

basis (most infrastructure is located in roadways) 

• aged, nursing and residential care facilities can be assessed as residential with 

damage proportioned on residential building areas 
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• caravan and tourist parks can be assessed on a count of individual buildings 

(cabins or vans) with damages proportioned on residential building area.  

The stage-damage curves used to estimate the potential direct damage to a property’s 

structure and its contents, are applied when the depth of water is greater than or equal 

to the floor level of the property. In Gold Coast City Council’s flood damage studies 

(Betts, 2002), floor levels were either physically surveyed or estimated using a 

statistical relationship between surveyed floor level and estimated property level. 

Many of the existing stage-damage curves appear to have been generated from a mix 

of dwellings that included a small proportion that were completely destroyed at the time 

the original curves were developed. Given the addition of newer housing stock that is 

arguably build to higher construction standards (with respect to wind and flood 

vulnerabilities) further research is required. 

A factor that is often overlooked in stage-damage calculations is the velocity of 

floodwaters that can affect the structural integrity of buildings (Dale et al 2004, 

Middelmann-Fernandes 2010). Dale et al developed a series of velocity-stage-damage 

curves which were plotted with depth and velocities as axes (Figure 6.7). Dwellings on 

the origin side of the lines were considered stable and unlikely to fail.  These 

calculations were based on the mass of the buoyant forces on the structural 

components, approach velocities and lateral drag coefficients. Their analysis was 

based on two fundamental assumptions: that the lateral hydraulic forces are 

perpendicular to the main axis of the building and there is no structural connectivity 

between the flood joists and the supporting perimeter wall in internal piers. 

 

Figure 6.7 Velocity-stage-damage curves from Middlemann-Fernandes 
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Under Queensland’s various timber framing codes, Building Act (1975) and Building 

Regulations dating to the 1970’s such structural connections are mandatory, making 

the buildings inherently more stable under equivalent flood conditions (all other things 

being equal). The writer has submitted an Abstract for publication regarding further 

study in this area based on the lateral and uplift resistance provided by the wind codes 

and their translation to lateral water forces and uplift conditions. The abstract on 

conference details is included in Appendix B. 

Likely direct costs 

The above derivations for potential direct damage to a property’s structure and 

contents is not the ‘likely damage’ that will occur. The difference between likely and 

potential damage depends on factors such as previous disaster experience and the 

amount of prior warning. The more warning a community has of a potential flood threat, 

the more likely the community will have taken mitigating actions. Also, the more 

experience a community has with disasters, the lower the ratio of likely to potential 

damage.  

Read-Sturgess and Associates (2000, p22) also developed a relationship between 

warning time and community flood experience using damage from eleven Australian 

floods (Figure 6.8). (It is this graph that is believed to have some uncertainty regarding 

the inclusion of motor vehicles in the analysis). 

 

Figure 6.8: Effect of experience and warning time on likely flood damage (Read Sturgess 
and Associates, 2000, p22, reprinted from BTE 2001) 
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Estimates of flood damage to parks and sports fields would require the expertise of an 

insurance loss assessor.  

Infrastructure damage  

Most urban community infrastructure is located along roads so damage estimates can 

be based on submerged road length. BTE (2001) suggest total damage should include 

initial repairs, cost of accelerated depreciation and repairs to bridges.  

6.3.4 Indirect flood damage 
Indirect flood damages can be assessed using the information published by the then 

Bureau of Transport Economics in its Report 103 (BTE 2001). Most indirect damage 

arises from the clean up costs following the flood event, from residential house 

relocations and emergency response costs.  

Other components of indirect costs are emergency response costs involving staffing 

costs within the emergency response centre, and field staff responding to an 

emergency and assisting with the clean up.  

Average Annual Damage (AAD) 

The annual average damage (AAD) of flooding (expressed in dollars per year) is a 

common performance indicator used to measure the level of potential flood damages. It 

expresses the costs of flood damage as a uniform annual amount, based on the 

already determined tangible damages inflicted by a range of flood magnitudes. AAD 

represents the amount of money that a community would have to invest each year to 

cover the average cost of flooding. AAD is often used as a baseline reference to 

determine the benefit cost ratio of a flood mitigation project, often with straight line 

interpolations which can be different to curve fitted under a logarithmic power series. 

6.3.5 Intangible damage 
Intangible damages can not be calculated with any degree of accuracy, and in fact is 

probably impossible given the attribution of future or ongoing physical or mental illness 

responses to a specific event. Intangible damages are commonly believed to be in the 

order of 50% to 100% of the tangible damage bill for a community that is not flood 

aware, or has not experienced floods of the magnitude under consideration (pers. 

comm. D.I. Smith 2001).  

The UK provides guidance in assessing and valuing the risk to life from flooding based 

on flood hazard, area vulnerability and the vulnerability of people (DEFRA 2008). 
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6.4 SUMMATION 

Flood emergency decision makers need a basic understanding of flood behaviour to 

successfully defend a community during a flood emergency. Emergency managers and 

decision makers need to trust the people supplying information during a flood and trust 

the basis upon which that information is gathered. Trust can only be gained if both 

parties respect each others’ competencies and the information systems. 

Due to the variability of rainfall temporal patterns, analyses should be undertaken for 

historical events and a range of temporal patterns prepared for development and 

emergency testing. 

The community needs to be aware of the relationships between flood level forecasts at 

river gauges for which the Bureau of Meteorology’s Flood Warning Service provides 

river level forecasts and spatial extent of flooding for that flood level forecast. 

Hydraulic modelling, to ensure developments will not cause or have the cumulative 

potential to cause or worsen flood damage, can be difficult in complex floodplains. It is 

important to understand the mechanisms of development earthworks and the 

influences it has on floodplain behaviour as explained in Appendix C. 

Reports on hydraulic modelling that purport to assist development assessment should 

meet rigorous criteria, demonstrate that the proposed development will meet all the 

criteria of the planning scheme, provide explanations of the modelling methodology 

including verification and calibration processes, and results. The report should conform 

to the criteria set out in Appendix D. 

The examples of Gold Coast City Council’s floodplain advisory committees 

demonstrate the potential and success of engaging with the community to resolve 

complex floodplain planning issues, and establish workable floodplain development 

criteria. 

There are a number of estimation procedures for tangible flood damage but it is 

virtually impossible to calculate the magnitude of the adverse social impacts associated 

with flooding disasters. Because of this reason, it is imperative to involve the 

community in flood mitigation programs. This should be done as early as possible in 

the community education and consultation program. An aware community should be 

able to react to a pending disaster regardless of whether physical or emergency 

measures are in place. 
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There is scope for further research into flood damage estimation techniques and their 

application to support both structural and non-structural flood mitigation measures. 

Without actively promoting and achieving mitigation programs, the tasks of decision 

makers in a flood emergency become more difficult. 

Both the tangible and intangible costs of flooding must be considered in the 

development of flood mitigation schemes and land use planning criteria. 

The intangible costs of flooding are not understood and research is needed to better 

understand the adverse social impacts of flooding which would inform the development 

of quantifiable metrics that can be incorporated into triple bottom line analyses of 

mitigation.  The involvement of sociologists and psychologists is considered essential. 
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7 DECISION SUPPORT SYSTEMS 
Decision support systems (DSS) are needed to integrate data flow and information in 

an accurate, spatially oriented and timely manner within an emergency management 

resource structure. Without sound information systems, decision makers may find 

themselves under increasing pressure and fail to adequately manage the unfolding 

flood emergency (Teague et al 2010). DSS are also useful tools to present flood 

information as part of a risk communication program but the needs and requirements 

are much different to those of emergency managers (McCarthy et al 2007). 

 

Figure 1.2 Factors that affect decision makers 

The DMG within the Disaster Management Centre will rely on all information inputs as 

indicated in Figure 2.2 (reproduced below). The olive green background includes many 

information components of a decision support system (DSS). 
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Figure 2.2 Flood response communications 

A Decision Support Systems (DSS) is defined as a collection of data, information and 

processes, which, when combined, amplifies the value of the data and enables rapid 

judgements. 

The following meanings are ascribed for the purposes of this chapter: 

• data: variable information that can change rapidly. 

• information: static data, knowledge 

• process: a means of changing data and combining that with information. 

A series of processes are applied to improve and/or transform the data to an 

information-set in a vertical ladder of technology, improving the value of the data to the 

end users. To be fully effective they must also integrate with the lateral set of 

instructions from decision makers to their emergency teams. 

To determine the features of a DSS, the needs of the end users are defined. In a 

common case, such as buying a car, basic information is collected and sorted. The first 

level of enquiry might be the size of vehicle and price. The next level of enquiry might 

be serviceability, fitness for purpose and running costs.  Finally, a decision might be 
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made on features supplied and value for money. A DSS in this example might be a set 

of three tables and a list of suppliers. 

A floodplain DSS needs to represent the nature of its particular floodplain and the 

different threat types will dictate the information needs, processes and information to 

be collected, sorted, processed and provided.  The method of delivery will also differ in 

accordance with the type of threat. 

For example, the nature and perceptions of flooding for the Nerang River at Gold 

Coast, the Darling River system in western NSW and the Yangtze River in China are all 

different.  The means of collecting, transferring and processing data and information is 

similar, but the needs of the end users are totally different. This means decision 

support systems should be designed to support the needs for each river.  The Yangtze 

basin’s detention basins required novel applications to manage flooding, but its DSS 

can transmute into a system to manage the environment. 

The Darling River has a very large catchment but, in flood, is relatively slow moving, 

where a flood wave can take weeks or even months from the onset of heavy rain to 

reach its confluence with the Murray River at Wentworth, NSW. A DSS that would 

serve pastoralists along the Darling River might be limited to the collection of rainfall 

data, hydrologic modelling and a river monitoring system that records water levels at 

various points along the river.  

Contrast this with the very steep slopes of the streams in Wollongong, or in Brisbane,  

where the response time is a few short hours.  Very little warning time is available, but 

the local authorities are developing internal response systems whenever severe 

weather warnings are issued by the Bureau of Meteorology. Brisbane city has recently 

advised that residents of some suburbs can register for SMS warning messages. 

The Bureau typically issues its flood advices in the following sequence38: 

• Alert, Watch or Advice:  of possible flooding if flood producing rain is forecast 

• Generalised flood warning:  that flooding is occurring or is expected to occur 

• Warnings of minor, moderate or major flooding 

• Predictions of expected height of a river. 

This information, in conjunction with the “bush telegraph”, is likely to be sufficient for 

graziers to move stock to higher ground, stockpile feed and provision their own 

                                                 
38 Explanations available at http://www.bom.gov.au/hydro/flood/flooding.shtml  (downloaded 2May 
2009) 
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properties.  Townships along the river will rely on predicted peak flood levels, estimated 

times of arrival and based prediction of flood extent on previous experience. 

Gold Coast has an entirely different set of problems, with arguably one of the highest 

potential risks of overfloor flooding of any Australian city (Smith, 2002), particularly at 

PMF, but probably not as severe as the flooding potential in the Hawkesbury-Nepean 

river system.  Its Nerang River system is now perceived to have 3,500 private 

properties as well as industrial and commercial properties at risk of overfloor flooding 

(Qld 2007, GCCC 2007). At the time of the development of the Guragunbah Structure 

Plan and Hydraulic Master Plan39 it was believed there were about 8,000 dwellings with 

overfloor flooding, (GCCC, 1997). 

 

7.1 GOLD COAST CITY COUNCIL 

7.1.1 Map-based DSS 
The nature of flooding at Gold Coast is due to the large number of canal estates 

constructed before the full nature of its flooding was known. The first estates were 

constructed above the 1954 flood level.  Subsequent development was constructed 

above this level until the 1967 flood which was followed until the even higher flood level 

of 1974. Developments after the 1974 flood were required to be constructed above this 

level. 

A quasi two-dimension hydraulic model was developed that changed perceptions of 

flooding once again, and this model was the basis of the decisions that led to the 

Guragunbah Hydraulic Master Plan (GCCC, 1997). A series of flood surfaces were 

developed for the whole floodplain at hourly time steps. The land surface elevation was 

subtracted from each flood surface to produce a depth of flooding.  These were colour 

coded over roads to represent trafficability by passenger vehicles (depth to 0.15 

metres), by four wheel drive vehicles (depth to 0.4 metres), trafficable by trucks (depth 

to 1.0 metres) and depths greater than 1.0 metres. 

These maps were used by the author to determine the sequence of areas which would 

lose their road access and later developed in GIS as evacuation sequence polygons. 

Access has been provided by the Bureau of Meteorology to its ALERT system. This 

system continuously collects rainfall information, and its local database is interrogated 

                                                 
39 The writer was the principal author 
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at Council’s office. Downloaded rainfall data was input into Council’s hydrologic models 

(about 10 for the Nerang River). In theory, the peak flood levels so generated could be 

matched to the existing road inundation models. There were a number of drawbacks to 

this system as actual rainfall never matched the theoretical storms which meant that 

the existing maps were unlikely to represent reality. 

An integrated modelling system was further developed that included provisions for 

forecast rain for which estimates were based on rainfall radar images downloaded from 

the Bureau’s website. Accompanying this hydrologic methodology was an 

information/logistics program used to record information received from the public and 

requests for help. It also tracked Council work crews and plant, their deployment and 

records of tasks completed. 

7.1.2 Real time modelling 
A real time flood forecasting system was developed by the Khan & Betts (2001).  which 

improved the timeliness, and accuracy of flood forecasts and flood surfaces This 

system was planned to be activated when one or more “flood triggers” were observed. 

• Hinze Dam starts spilling. A 3.0 m water depth over spillway would mean the 

Nerang River would enter the Carrara floodplain  

• Minimum rainfall depth ~ 250 mm in approximately 15 hours 

• Minimum rate of rise of water behind Hinze Dam is 200 mm/hr  

• Depending on Hinze Dam starting water level and rate of rise, maximum lead time 

of approximately 15 hours from the start of the flood 

• Significant flooding was considered possible from the Mudgeeraba catchment (12 

to 24 hours type flood) without major overflow from the Hinze Dam) 

The flood forecasting system was undertaken in three stages: hydrologic modelling, 

hydraulic modelling and GIS modelling from a pre-set batch file. 

The hydrologic assessment included rainfall–runoff routing using recorded rainfall, 

water level data and forecast rainfall depths to produce flood hydrographs.  The 

forecast flood hydrographs were input to the Nerang River USF model.  Its results were 

automatically extracted and processed through a suite of utilities to convert to a series 

of MapInfo / Vertical Mapper (GIS) gridded flood level and inundation depth maps at 

various nominated times during the flood event.  This produced data on a 20 metres 

rectilinear grid covering 65 square kilometres. 
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The forecast flood maps were integrated with pre-prepared digital elevation models of 

ground levels, road levels and bridge soffit levels etc and interrogated with other GIS 

data, to provide the “how high”, “where” and “how fast” answers at key locations to 

counter disaster decision makers.  Inundation depths were presented using a pre-

selected colour scheme that facilitated the assessment of trafficability of evacuation 

routes. 

The integration of hydrologic, hydraulic and GIS models provided a useful platform for 

accurately forecasting flooding behaviour and present results using GIS based 

information for the entire floodplain.  The system could be customised and configured 

to other catchments. 

Council developed a catchment-wide hydrological model for the Nerang River using the 

Bureau’s preferred hydrologic modelling software (URBS, Carroll 1999). The Bureau 

accepted this model for its own official forecasts and given the expertise and number of 

proficient staff within Council, agreed to Council staff having access to Bureau systems 

to prepare its own forecasts.  These forecasts were to be ratified by the Bureau’s 

supervising hydrologists before incorporation into flood level predictions (pers. comm. 

T. Malone, former Senior Hydrologist, Flood Warning Centre, Brisbane office, Bureau 

of Meteorology). 

Figure 7.1 shows the hydrologic sub-catchments of the Nerang River and the Bureau’s 

ALERT network (c. 2002). This is a later representation and indicates the different IFD 

Groups (classification of rainfall intensity-frequency-duration curves) for various parts of 

the catchment.  

 

Figure 7.1 Nerang River Catchment (source GCCC) 
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Figure 7.2 shows in dark blue, the complex waterway system of the Nerang River, 

incoming streams and its extensive canal network. Flood surfaces are different shades 

of blue. The table depicts water levels (WL) and water depths (WD) at various times 

during a flood and the ground level. 

 

Figure 7.2 Electronic flood map (Khan & Betts, 2001) 

The approximate run time for the whole process was about 20 minutes to create water 

surface, flood inundation and ground level maps every two hours for a typical 6 hour 

forecast run.  The batch file automatically saved progressive forecast runs under 

different folders in the working directory, for later review or comparative analysis during 

the course of the flood. 
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7.1.3 Early decision support system 
In the latter part of 2001, the existing procedures were mapped by the writer to link with 

the operational requirements of a flood emergency as indicated in Figure 7.3. 

 

Figure 7.3 Proposed DSS for Gold Coast (source GCCC, c.2001/02) 
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7.1.4 Later DSS development at Gold Coast 
The Gold Coast and Logan City Councils collaborated to develop with Patterson Britton 

& Partners (PBP) a real-time flood forecasting system for the Logan and Albert River 

system (Druery et al, 2007) based on a “library of design flood events”. This is a further 

development of waterRIDE© developed by PBP40.  

The system operates in the following manner (pers. comm.. H. Mirfenderesk, GCCC). 

Forecast peak flood levels for various locations are entered into the system and the 

system then interpolates through the library of flood events to produce a digital 

elevation model of the future flood surface.  The surface is ‘warped’ to allow for 

tributary influence and can be interrogated along with a number of other datasets: 

cadastral, orthophoto, aerial laser land levelling, and building information such as flood 

level, structure type, construction material and property photo. Both Councils 

developed critical infrastructure and evacuation route maps including identification and 

levels of low points of the latter. 

Forecast flood levels produced by the Bureau of Meteorology’s Flood Warning Office 

trigger running of the models. This accords with the accepted protocol that only the 

Bureau should produce flood forecast levels. 

The system takes a predicted level at a certain gauge, then seeks the flood surface 

from the library that has the next highest and next lowest levels for that gauge point. It 

uses the ratio of the predicted level to the library levels and interpolates to produce a 

predicted flood surface. 

 

Figure 7.4 Interpolated flood levels PBP WaterRIDE© (source Druery et al, 2007) 
                                                 
40  Information at http://www.waterride.net  
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It is possible to take multiple gauges into account that add to the complexity of the 

operation, particularly when one part of the catchment is receiving rainfall at a different 

recurrence interval from the other. The procedure allows for ‘warping’ of the developed 

floor surfaces and the development of ‘buffer zones’ where an area is influenced by 

more than one flood gauge. 

There are a number of practical applications within waterRIDE.  It has the ability to 

display flood level surfaces in ‘intelligent’ form that can be interrogated along with other 

GIS layers that can determine and display properties that would be inundated, their 

depth of inundation or otherwise affected by flooding. Critical infrastructure is also 

identified (to which flags can be attached) to indicate whether the infrastructure is 

operable or not. The program also has an inbuilt flood damage calculation routine 

based on the stage-damage curves of ANUFLOOD, or user defined stage-damage 

relationships. 

Once the data are set up, interpolation and further interrogation of the various data sets 

is outlined in Figure 7.5. 
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Figure 7.5 – Data set for PBP system (source: Druery et al, 2007) 
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However, one of the main features is its use for community education. A nominated 

flood level at one or more river gauges will allow the development of a flood surface. 

This can be spatially represented and flood levels determined at any point in the flood 

affected area. Photographs of individual buildings can be “scaled” and “predicted water 

surfaces can be superimposed” on building photographs as depicted below in Figures 

7.6 and 7.7. 

    

Figure 7.6 Predicted flood level   Figure 7.7  Predicted flood level 

Minor flooding      Major flooding 

7.1.5 Modern Nerang River DSS 
In the past nine years, the Nerang River USF model has been replaced by a 

MikeFlood41 two-dimensional flood model used for flood plain planning activities and 

more recently, a Mike 11 quasi two-dimensional model for flood emergency planning 

and decision support (pers. comm. H. Mirfenderesk, GCCC). The output from both 

models have been compared and a library of flood surfaces created.   

This library has been incorporated into waterRIDE© in the same manner as for the 

Logan and Albert Rivers decision support system. 

The fundamental difference between the two systems is that the Bureau of 

Meteorology’s ALERT system is polled automatically every two hours, and if 

predetermined conditions are found, the Nerang River DSS will automatically run the 

hydrologic and hydraulic models and a series of flood surfaces would be generated in 

real time. 

 

                                                 
41 Mike 11 and MikeFlood are flood modelling programs developed by the Danish Hydraulics Institute. 
http://www.dhigroup.com  
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7.2 YANGTZE RIVER DECISION SUPPORT SYSTEM 

7.2.1 Introduction 
Decision support systems (DSS) encapsulate other ‘intelligent’ systems and present 

information in a logical manner (Betts et al, 2008). The writer directed the development 

of the Yangtze River DSS for managing floods in the middle reach of the Yangtze River 

(located downstream of the Three Gorges Dam) where severe flooding can endanger 

major cities and infrastructure, Figure 7.8. 

  

Figure 7.8 The middle reach of the Yangtze River 

The traditional form of flood defence in the Yangtze Basin has been to erect dykes 

along the banks of rivers and around lakes.  These dykes are built to different cross-

sections and profiles, depending on whether they protect high value assets and urban 

areas, or sacrificial detention basins or ‘low value’ polders.  With many of these basins 

at risk from overtopping and other polders requiring higher levels of protection having 

relatively low flood immunity, flood management decision making is a critical factor in 

the lives of millions of people who live and work in the middle reach. 

With increased population growth, industrial growth and a larger and more extensive 

dyke system (now over 3000 kilometres in the middle reach alone) has meant that the 
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carrying capacity of the floodplains has severely diminished.  The areas at risk are the 

floodplains along the main stem of the Yangtze River in the middle reach downstream 

of the Three Gorges Dam between Yichang and Jiujiang and the complex Dongting 

Lakes system to the south in Hunan Province.  Over 140 million people live in this area 

and contribute significantly to the national economy.  The 35 detention basins used for 

flood diversion are mainly agricultural but have a combined population of over 5.5 

million people and an area of over 10,000 square kilometres (Hubei 2002, Hunan 

2002). 

The DSS developed by the project can be said to be vertically integrated in terms of 

data collection, information development and presentation.  However it can also be 

said to be horizontally integrated in terms of its functionality and absorption into the 

work practices of the Changjiang Water Resources Commission’s (CWRC) Bureau of 

Hydrology (BOH) and River Management Bureau (RMB) as outlined in Figure 7.9. 

 

Fig. 7.9 Decision Support System schematic layout 

Component systems of the DSS are: 

• HMIS is the Hydro-Meteorological Information System 

• FFS is the Flood Forecasting System 
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• FMIS is the Flood Management Information System 

• OAS is the Options Analysis System 

Acronyms used in the above figure: 

• YFCH – DMCS is the Yangtze Flood Control Headquarters Decision Makers 

Consultation System  

• AMC was the Australian Managing Contractor 

• RMB is the River Management Bureau of the CWRC 

• BOH is the Bureau of Hydrology of the CWRC 

• DAS is data acquisition system 

• FCISS is an existing RMB Flood Control Information Service System 

• HMS is an existing BOH Hydro-Meteorological System 

The DSS is a bilingual web-based system that does most of its calculations on client 

machines.  It also has administrative tools, a database query function and online 

documentation including a context-sensitive help system, database table explanation 

and ASP programming code. 

7.2.2 Strategy 
Strategically the Yangtze River DSS operates at several levels:   

1. It provides decision makers with a quick overview of the current flood situation; 

whether there are any problems; where those problems are; what to do about the 

problem; and the consequences of flood management decisions.   

2. Analysts and decision makers are able to examine in detail, current hydro-

meteorological information, flood forecasts, and undertake flood analyses including 

(excess) flood volume calculations.  Flood forecasters are able to use an interactive 

and fully integrated hydrological and hydraulic modelling system to produce water 

level and flow forecasts, in both the upper and middle reaches between Chongqing 

and Jiujiang. 

3. Operators are able to undertake database checks and perform database queries 

using a purpose designed database table query system.  They are also able to 

examine hydro-meteorological data from manual and automatic stations and 

compare it with similar data from other stations. 
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7.2.3 Sub-Components 
The DSS was designed to provide information and assist decision making in a problem 

solving manner, i.e.  problem appraisal, definition, constraints, solutions, consequences 

and communication. 

• The HMIS is used to examine the size of a flood:  Is there a problem?  Where is the 

problem?  What caused it?  How big is it? 

• The FFS is used to define the problem: Is the problem getting bigger?  How 

quickly?  How long will it last?  Where is it getting bigger?  Where is it getting 

smaller? 

• The FMIS (and its CWRC counterpart’s information system) set out the constraints:  

What are the rules?  What are the resources (human and flood control)?  What is 

the status of flood control infrastructure?  What are the likely impacts? 

• The OAS allows users to develop potential flood management solutions and 

determine the consequences):  Where is the problem that requires immediate 

attention?  How serious is it and what is its magnitude?  What flood management 

advice is required?  What flood control options are available?  Can the flood be 

managed in a different way?  What are the impacts?  Can flood control measures 

be optimised?  Does confirmation testing support the option?  Once a decision has 

been made, the system automatically generates an email advice to selected 

persons that a decision has been made. 

Both the FFS and the OAS are underpinned, firstly by the data acquisition and 

communications systems (Betts et al, 2005), and secondly by numerical hydrologic and 

hydraulic modelling systems. More specifically, the FFS enables real time hydro-

meteorological data obtained throughout the Yangtze catchment, to be utilized by a 

series of hydrologic and hydraulic numerical models, to produce seven day forecasts of 

discharges and water levels throughout the upper and middle reaches of the Yangtze 

River. On the basis of these forecasts and pre-defined warning, alert and critical levels 

at various points in the Yangtze system, the OAS enables the identification of 

potentially dangerous flooding conditions, and allows the effectiveness of various 

mitigation options available to managers to be investigated.  The first of these 

mitigation option measures to be investigated would typically be the use of reservoirs to 

attenuate flooding from upstream areas.  If these measures are not sufficient, the 

effectiveness of operating detention basins in concert with changed reservoir 

operations would be investigated. Once the decision is made to actively utilise 
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mitigation measures (through the OAS), the impact of such mitigation measures must 

be considered in future forecasts by the FFS. 

Hydro-meteorological Information System 

The HMIS can display real time, historic flood and forecast water levels, flows and 

rainfall in map, graphical or tabular form.  Users have the ability to compare current and 

historic information, create isohyetal maps, view weather links, calculate flood volumes 

between dates, or above user defined flood levels, or nominated flows or critical flood 

levels.  Station icons are colour coded to indicate the severity of the prevailing 

conditions.  A calendar function / date picker also indicates the severity of water levels 

and is used to identify critical periods of flooding when searching flood records.  The 

mapping system used in the DSS was especially developed to enhance download 

speed.  It has the usual mapping functionality, uses colour coded icons and pop-up 

boxes to display data from the database thereby avoiding screen clutter. 

Flood Forecasting System 
The Yangtze River FFS is a web-based and fully integrated flood forecasting system, 

the heart of which is the flood forecasting models, both hydrologic and hydraulic.  The 

Flood Forecasting System is described in detail in Markar et al (2005). 

Hydrologic models are used to forecast the tributary and local inflows into the main 

stems of the Yangtze, Han Rivers and the Dongting Lake System. Hydraulic models 

forecast discharges and flood levels along the main stems of the Yangtze and Han 

River, and the Dongting Lake System. The FFS links all the hydrologic and hydraulic 

models used to forecast discharges and water levels in different parts of the Yangtze 

catchment into an integrated single catchment wide system. 

Over 120 hydrologic models for contributing tributary catchments and 3 hydraulic 

models for the Yangtze main stem and the Han River have been incorporated into the 

FFS, to model the hydrologic and hydraulic behaviour of the upper and middle reaches 

of the Yangtze River. Configuration data for these models, together with real-time 

hydro meteorological data and rainfall forecasts, are extracted from a central database 

and converted to model input files. The models are then run and the output files are 

stored, compared, and final forecast discharges and level scenario selected and 

managed within the above fully integrated web-based FFS framework. 
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Hydrologic Models 

From an operational perspective, the hydrologic models are established within the FFS 

in such a way as to provide the following key operational features and functionality: 

• numerous tools for checking data from manual and automatic rainfall stations 

• ability to vary the forecast period (7 days used as default) 

• ability to run no forecast rainfall, adopted forecast rainfall and user forecast 

rainfall scenarios 

• use ‘hotstart’ files to minimize time associated with producing forecasts 

• ability to rapidly run multiple hydrologic models within a forecast area for 

comparison purposes, and 

• numerous tabular, graphical and map formats available for checking and 

comparison purposes. 

Hydraulic Models 

Figure 7.10 provides an overview of the Middle Reach Hydraulic Model (MRHM).  The 

hydraulic model for the upper reach consists of a single channel extending from 

Chongqing to the Three Gorges Dam. 

 

Fig. 7.10  Middle Reach hydraulic model 
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For real-time, operational forecasting purposes, the Danish Hydraulic Institute’s (DHI) 

MIKE 11 hydraulic modelling system is utilised.  A custom built interface manages the 

operation of the hydraulic models.  In essence, the interface is a tool that simplifies and 

automates the use of the hydraulic model in a real-time operational context with the 

following key features and functionality: 

• automated boundary condition extraction of either tributary inflows or direct 

runoff as predicted by the hydrologic models 

• advanced tools for reviewing and modifying (if necessary) boundary conditions, 

both during the hindcast and forecast periods 

• ability to accurately reproduce the large variation in water levels (in excess of 

60m) experienced through the Three Gorges section of the upper reach 

• ability to handle hydraulic structures with complex operating regimes (e.g. the 

Three Gorges Dam and the entry gates to the larger detention basins) 

• ability to accurately reproduce the effects of the large lake systems (the 

Dongting Lakes) present within the Middle Reach 

• facilities to automate the execution of the hydraulic models, including all 

potential variations in hydrological scenarios (e.g. no forecast rainfall, adopted 

forecast rainfall and user forecast rainfall), for a number of different hydrologic 

modelling systems (e.g. any combination of URBS, XAJ, API models)42 

• use of ‘hot start’ files to minimize the time associated with producing forecasts 

• facilities to utilise real time observational data from key gauging stations (flow 

and level observations) to update the hydraulic model predictions in order to 

minimise model errors 

• advanced graphical results viewing facilities to enable users to check the 

simulations (including real time observations), compare the results of varying 

simulations and, once satisfied, export the adopted forecasts to the database. 

FFS Outputs 

The key output of the FFS is a set of predictions (both discharge and level) at over 70 

gauging stations throughout the upper and middle reach of the Yangtze River system.  

These predictions are written to the real time hydro-meteorological database and are 

available for subsequent use within the OAS. 

                                                 
42  XAJ and API hydrologic models are used extensively in China. URBS is used by Australia’s Bureau of 
Meteorology. 
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Flood Management Information System (FMIS) 

The Flood Management Information System (FMIS) is linked to the CWRC’s Flood 

Management Information Service System.  The FMIS also provides additional 

information such as the socio-economic impacts (Betts et al, 2003), information on the 

maximum reductions of peak water levels at over 40 locations within the river system 

whenever a particular basin is flooded, and a detention basins status management 

system.  This information is also displayed in the OAS when comparing flood control 

options.  The detention basin management system (‘Basin Status’ page) displays 

whether any basin is populated, people are evacuating, whether a dyke has been 

breached and/or basin is flooding, and allows the user to amend any element.  Such 

changes are also reflected in maps of the Options Analysis System (OAS). 

Options Analysis System (OAS) 

The OAS is about process and the logical sequence of presenting information to 

decision makers, in the order required in a timely and efficient manner (Betts et al 

2008).  At the topmost level is the user interface, the Visual Display System (VDS).  

Information is obtained from the supporting databases, which are in turn provided with 

data from the FMIS, FFS and HMIS.  Decision making is founded on the results of 

hydrologic and hydraulic modelling that operates at two levels, the supply of flood 

forecast information and the hydraulic modelling associated with the development and 

confirmation of flood control options.  Hydraulic modelling is managed through a 

purpose built hydraulic modelling interface linked to a Mike 11 model of the middle 

reach of the Yangtze River (Clark et al, 2005).  

A prerequisite for the OAS is knowledge of the current water level and flow conditions 

in the middle reach and forecasts five days hence.  Flood forecasts are provided 

through the FFS and the results of hydraulic modelling are stored as time series data in 

the hydro-meteorological database. Whilst forecast accuracy diminishes after two days 

due the limitations of forecasting rain, the hydraulic model does provide a good 

indication of the flood wave propagation through the system. 

Flood managers are able to test the impact of storing floodwater in one or more 

reservoirs, diverting floodwater into detention basis, or combinations of these. The 

timing of these actions is important, as the timing of reductions in mainstream flood 

volume must coincide with the passing of the flood peak at critical locations.  This is 

managed by a ‘scenario’ metadata system.  

The results of a trial operation of the system are illustrated below in Figure 7.11.   
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Figure 7.11 Hydraulic Results (water level predictions at Shashi) of the FFS and OAS for 
a hypothetical flood, trialling various reservoir and basin operation scenarios 

These results show the predicted conditions at Shashi (refer Figure 7.10 for location) 

for a hypothetical flood emergency.  The gauge observations at Shashi are an indicator 

of the potential exposure of the Jingjiang dyke to flood damage.  If water levels at 

Shashi exceed the nominated critical level, the existing protocols indicate that the gate 

to the Jingjiang basin is operated such that excess flood volume is diverted into the 

basin, in order to ensure the critical level at Shashi is not exceeded. 

Four curves are shown in Figure 7.11.  The first curve corresponds to the water level 

predictions at Shashi produced using the FFS.  These show that the critical level is 

predicted to be exceeded approximately 1½ days after the time of forecast.  It is then 

necessary to investigate potential mitigation options using the OAS. The next 3 curves 

correspond to 3 different mitigation scenarios or cases that the user investigated as 

follows: 

a) Reservoir Case: Using the Three Gorges Dam to restrict outflow to the Yangtze 

at a rate such that levels do not exceed the critical level at Shashi, 

b) Detention Basin Only Case: Using the Jingjiang detention basin to take excess 

flow volume, and 
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c) Combination of Reservoir and Detention Basin Case: Using the Three Gorges 

Dam as for a) and the Jingjiang basin as for b) in order to keep the predicted 

flood level at Shashi below critical level. 

All the different mitigation cases considered have relative benefits and disbenefits or 

costs.  Once these hydraulic results are exported to the OAS, the relative benefits and 

disadvantages may be quantified and presented in the OAS system so that decision 

makers can make an informed decision as to the best course of action. 

More specifically, assessments may be made as to, amongst other things, the 

implications of impounding water within the Three Gorges Dam to the extent implied by 

a) and c).  This may not be possible and would (in a real flood emergency) have to be 

the subject of discussions with the dam operator.  As an alternative, the use of the 

Jingjiang detention basin without any flow mitigation from the Three Gorges Dam 

implies significantly higher damages, as a greater volume has to be diverted to the 

Jingjiang detention basin.  These benefits and costs are presented within the OAS. 

Finally, once a decision is made, the adopted mitigation option details (reservoir 

release characteristics and detention basin operation details) are passed back to the 

FFS for inclusion in future forecasts. 

7.2.4 Future 
The DSS can be enhanced at a later stage in a number of ways, including the provision 

of more data on detention basins, improving the accuracy of the underlying hydrologic 

and hydraulic models and undertaking two dimensional modelling of flood wave 

propagation through detention basins.  The system can also be used to analyse the 

flood control worth of each reservoir or of each detention basin, to perhaps change 

existing land use or examine the level of protection provided for high priority polders.  

The OAS, when used in conjunction with the FFS, could even examine the optimum 

water level during the flood season behind a reservoir.  This could have significant 

impact on power generation where reservoirs have hydro-electricity generating plants. 

The systems developed have the capacity to be modified in order to display and model 

water quality data, providing a platform for the technical analyses associated with 

integrated river basin management. 

The completed DSS not only has the required features set out in the original design 

document, but also provides a set of tools that can be used for flood management 

research, and a platform for other uses.  These might include land use planning, 
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together with reservoir optimisation studies associated with power generation. The 

systems could be developed further to integrate water quality components and some of 

the technical aspects of integrated river basin management. 

The writer believes the January 2011 rainfall over the Wivenhoe Dam catchments will 

provide a significant lesson regarding the expectations from the distribution of 

continuous recording pluviometers and the actual distribution of rainfall.  Much of the 

heavy rain fell over the water storage where there were no gauges and impacted 

instantly on flood levels (pers. comm. Robert Ayre, Wivenhoe Dam operator). There 

were other gauges which may have under-recorded rainfall intensity. 

Had the radar images been interrogated (by rain-intensity/colour) to determine rainfall 

intensity and depths and those applied to hydrologic models in real-time, then the 

management of the dam may have taken a different course.  The writer has managed 

the successful colour interrogation of radar images using GIS based colour recognition 

software and developed temporal patterns and accumulated rainfall depth.  This has 

been validated against existing gauges and applied to the calibration of hydraulic 

models. 

Further work is required to improve the radar reflectivity algorithm to gain greater 

resolution under extreme intensities. 

7.3 COMMUNITY DECISION SUPPORT 
A Google search on “decision support systems flooding” indicated 351,000 references. 

A similar search on “decision support systems dss” produced over 485,000,000 results 

(at 13 May 2009). However a cursory inspection of some of the heading references 

(page 1 results), indicates that the reference decision support systems are directed to 

authorities and their decision makers. Wikipedia defines a DSS in the following terms: 

Decision Support Systems (DSS) are a specific class of computerized 

information systems that supports business and organizational decision-making 

activities. A properly-designed DSS is an interactive software-based system 

intended to help decision makers compile useful information from raw data, 

documents, personal knowledge, and/or business models to identify and solve 

problems and make decisions. 

The experience of the February 2009 Victorian bushfires has shown that authorities 

were unable to provide timely and accurate advice to all people (Teague et al 2010). 

Therefore it is essential to provide similar information to members of the public via a 
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DSS as well as to decision makers and emergency managers. This would enable them 

initially to make purchase decisions based on readily available information so that they 

might choose not to reside on floodplains. Secondly, prior to a flood emergency, they 

can determine their levels of risk exposure and determine if their vulnerability is such 

they will have to act. Thirdly, they can also determine appropriate threshold levels for 

action and then finally, when to leave. 

Such a DSS would need to be tailored for community and school use but rely on the 

same certified quality assured data as the local authority and its decision makers. Each 

set of data would need to be accompanied by its own metadata system, backed up and 

lodged with a secure agency (say Archives Office) in the event of an established post 

flood disaster enquiry. 

Such a system would fall within the recommendations of Emergency Management 

Australia’s Evacuation Planning Manual (EMA 1998). This also accords with EMA’s 

Schools Education and Disaster Resilience program. 

 

7.4 QUALITY ASSURANCE 
In recent years the need for quality assurance systems in accordance with the ISO 

9000 and ISO 9001 has become more important. They form part of a series of 

international standards that contain the requirements for a quality assurance system, 

i.e. the need for management systems to be documented. 

The ISO 9000 standard sets out eight quality management principles for a quality 

management system. The most important standard in the series is ISO 9001, which 

adds requirements to ensure not only that the system be updated, but internal and 

external audits and for continual monitoring. It also sets out the requirements for a 

certification process. 

For an organisation to have quality management systems and meet the requirements 

of (s.4.1 AS/NZS ISO 9001:2000) it must: 

a) identify the processes needed for the quality management system and their 

application throughout the organisation 

b) determine the sequence and interaction of these processes 

c) determine criteria and methods needed to ensure that both the operation and 

control of these processes is effective 
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d) ensure the availability of resources and information necessary to support the 

operation and monitoring of these processes 

e) monitor, measure and analyse these processes, and 

f) implement actions necessary to achieve planned results and continued 

improvement of these processes. 

The Queensland Government’s Quality Assurance Policy (QLD, 2001a) requires its 

departments and agencies to purchase items over $10,000 from companies that are 

quality assured in accordance with its policies.  This requirement may be waived if the 

goods or services carry low risk. 

Quality assurance involves checking and verification at a standard that is 
commensurate with the level of risk. 

Given the potential flood damage and risk of injury or death to residents, all local 

authorities and any government agencies that support them should provide their 

services in accordance with the ISO standards.  This may mean more rigour in the 

development of models, the development of decision support systems, and the 

planning and organisation of emergency management groups and tasks.  

Normal checking and verification processes would include the following: 

• project definition/plan and review by a senior technical specialist 

• interdisciplinary check of the project plan with hydrologists, hydraulic modellers, 

emergency planners and logistic experts 

• system development examination of proposal with respect to data base 

interrogation, storage and retrieval of processed data, definition of metadata 

requirements, computer bus speeds, process times, validity and accuracy 

including floating point accuracy and the need for 32 or 64 bit processors 

• all tasks defined, documented and checked 

• corrections and continuous improvements as required 

• verification procedures to ensure continuity and logical progression from one 

checked process to another 

• reality checks and review 

• interdisciplinary checks 

In conjunction with system development, each process needs to be documented 

including raw data (source and type), how it is processed, converted and stored along 

with its metadata. This documentation needs to be accompanied by maintenance 

instructions, code explanations (written into the program code), and operating 
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instructions. This documentation process is outlined in COA (2004b) in its Section 5.3  

“Assurance Indicators and Typical Evidence”. 

Finally, training materials and course work should be developed contemporaneously 

with the project development. All documentation may need to be reworked after project 

completion and verification testing. Testing needs to be in three phases, testing by the 

system developers and modellers, testing during training of those who will be involved 

during a flood emergency and then again during ‘dry runs’.  These dry runs should be 

designed by different persons to those who have been closely involved in the project, 

the design being discussed with the development team leader and project reviewer 

before the dry run. A review of the dry run in combination with the senior decision 

makers and political leaders should be undertaken.  This is desirable as it begins to 

build the political constituency, support for further improvements and builds confidence 

in the minds of political leaders and flood emergency decision makers, in the system 

that has been developed.  The ‘dry run’ should be recognised as an opportunity for 

flood engineering specialists to educate both the emergency and political fraternities in 

flood behaviour and what the community can expect from a flood.  Done well, this will 

promote clearer explanations to the community during a flood crisis and hopefully 

engender higher levels of community acceptability and response. 

 

7.5 SUMMATION 
Decision support systems are a very useful tool if they are designed to produce the 

information required by decision makers at the appropriate time. 

Raw data are usually obtained by interrogating real time hydrologic data bases, and 

processing the information adding value with each level of interrogation. This vertical 

development of information should (where possible) integrate horizontally with flood 

emergency operational tasks and responsibilities. They should operate at different 

strategic levels. 

There are many types of decision support systems for flooding but each one has to be 

tailored to the needs of potential flood situations. 

Members of the public should be provided with access to the same decision support 

system as decision makers and emergency managers (albeit modified to exclude 

scenario testing and results). Their access rights would be different from counter 

disaster operational staff, as would the type and nature of user queries. However, they 
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would initially, be able to make purchase decisions based on readily available 

information, so that they might choose not to reside on floodplains. Secondly, prior to a 

flood emergency, they can determine their levels of risk exposure and determine that if 

their vulnerability is such, they will have to act. Thirdly, they can determine appropriate 

threshold levels for action and then finally, when to evacuate. It would be hoped that 

road traffic conditions could be a component of the DSS. 

The data, models, processes and the functionality of decision support systems should 

be developed within a quality assurance system to the AS/ISO 9000/9001 standards. 

Without that assurance, confidence and trust in the data, model, systems and 

processes might be lacking. 

People need to be trained to use decision support systems successfully and that 

training needs to be hands on and supported by online documentation and user 

manuals. Those providing the training also need to be competent and entertaining 

teachers who have some expertise in adult teaching. 
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8 INFLUENCING DECISION MAKING 
The remaining element to be discussed In Figure 1.2 is the emergency manager’s own 

decision making competence, his/her ability to store and sort information and 

automatically communicate effective responses within a stressful situation; i.e. the 

responses are logical, instinctive and build confidence within the group.  

This chapter examines three elements that will reduce the psychological pressures on 

members of the DMG that influence decisions prior to and at the onset of a flood 

emergency: 

• decision making processes 

• the formation of memory patterns, their development and recall mechanisms 

that aid decision making  

• capacity building. 

This chapter is a departure from the earlier engineering and risk management 

approach to emergency management, but is one that the writer strongly believes is a 

necessary part of the emergency management armoury. The science of neurological 

psychology has advanced tremendously in the last ten years with the advent of 

advanced brain imaging. These emerging insights need to be transposed to traditional 

engineering management, and engineers and psychologists need to understand what 

each others disciplines and strengths can provide to advance emergency 

management.  

 

Context 
The ability of a decision maker to respond effectively to a flood emergency arises from 

self-confidence gained through his own knowledge of the potential scope of the flood 

situation and also his/her knowledge of how the response effort will work interactively 

with a previously engaged community that has supported the successful integration of 

both structural and non-structural mitigation measures. The higher the level of decision 

making skills, the less psychological pressures will be on decision makers. 



 
 
 
 

 Page 207 

Thesis: Floodplain management Decision 
making 

 

Figure 1.2 Factors affecting decision makers 

Probably the greatest psychological pressure in a decision maker or emergency 

manager is the fear of failure or being unable to respond appropriately in a crisis.  

The Final Report Summary of the 2009 Victorian Bushfires Royal Commission (VBRC 

2009) is highly critical of the decision making ability of State level incident leaders, and 

commented that individual incident management teams (IMTs)  that “were well 

prepared, staffed by people with appropriate training and experienced, and well 

practiced that managed difficult fires well” (p.8). 

In the context of these comments, the fear of failing to adequately lead the response 

effort in future events must impose a psychological burden on disaster managers.  It is 

the author’s belief that communities expect disaster management decision makers to 

be appointed because of their leadership qualities and ability to perform under 

pressure. Perhaps the effects of that day were so extraordinary that they were beyond 

the comprehension of their leadership expectations. 
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8.1 DECISION MAKING 
There are many factors that influence decision making processes including those 

based on logic, intuitive response to stimuli and psychological pressures that prevent 

clarity of thought. This part of the thesis considers each in turn. 

Normalisation of risk 
A concern expressed by risk specialists is the “normalisation of risk: certain things 

regularly fail to function as intended, but they never failed totally, giving rise to a view 

that partial malfunction could be considered normal”, Hopkins (2010). Hopkins cited a 

number of catastrophic events that followed a series of regular failures and concluded 

that had this information been assembled and analysed, the potential for catastrophic 

failure might have been identified.   

The implications are that it is necessary to study other risk typologies such as those 

named by Hopkins, and the smaller bushfires in Victoria prior to 7 February 2009 

conflagration through data assembly and analysis, to identify the conditions that lead to 

failures in the emergency management system.   

Common, perceived to be minor, failures of flood management include floods from 

partial area storms, where a storm cell is located of part of a catchment (QUDM, 2007);  

progressive increases in the quantity of runoff as a result of urban development; 

shorter response times within catchments (more rapid rises in hydrographs; increased 

sediment loads; progressive floodplain encroachments; relaxation of development 

conditions; and a failure to regularly review flood warning infrastructure and simulate 

catchment runoff conditions. 

For the larger bushfires, Teague et al (p3, 2010) named five features common to the 

individual fires of that day for which flood analogies can be identified. 

Royal Commission feature Flooding analogy 
Rapid fire spread following ignition, which 
responding crews could not contain. 

Multiple areas within a floodplain at risk from the 
same flood magnitude (such as development on 
nearby terraced developments in the Nerang River 
canal estates). 

Fires crowned in forested areas, which made them 
impossible for ground crews to control. 

Flash flooding arising from intense rainfall bursts 
within a longer duration event. 

Powerful convection columns were generated 
above the fires. 

No apparent analogy. 

Extensive forward spotting occurred as a result of 
the fuel type, the weather conditions and the 
topography. 

Local intense storms. 

Late in the day, a wind change altered the direction 
of fire spread and extended the fire front. 

Directional  movement of storm cells along 
catchments in the direction of flow. 
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The risk for floodplain and emergency managers is flood creep, when previous 

expectations of flood extent are no longer valid. 

Multi-Attribute Decision Making 

Multi-Attribute Decision Making (MADM) deals with situations where a decision maker 

has to select one alternative, from a set of alternatives, based on information about 

attributes (Koele, 1997).  These techniques give researchers a way to structure the 

process so that all relevant and available information is used to derive an order of 

preference of the alternatives. The emphasis for MADM research is process tracing 

(Crozier & Svenson, 1997), whereby the information search and the method by which 

decisions are made can be more important than the input and output variables. They 

also determined that people make decisions based on alternatives available through 

inductive reasoning with “doubtful reliability”. 

Leven & Levine (1996) sought to compensate for the non-quantifiable differences 

between simulation and actual performance due to the human factor. This can’t be 

modelled due to the complexities of individual and community behaviour. They cited 

the example of Coca Cola’s introduction of a new formulation in the 1980s.  Laboratory 

tests indicated high consumer acceptance but Coca Cola neglected the psychological 

and emotional factors. “The Coke label created an expectation of a particular taste, and 

a familiar sensation, … the new soft drink flavour triggers a negative response to the 

absence of an expected sensation.” 

Kepner Tregoe43 (KT) developed a decision making process that allowed comparisons 

of several options based on unrelated but important attributes.  Each option is ranked 

in importance for a particular attribute across a series of attributes, and then by 

“weighting” the attributes in importance with each other, a total score for each option 

can be determined. The most suitable option is the one having the highest score. When 

applied to a particular situation it is important to record the thinking and logic behind the 

various criteria, and the application of the “weights”. The attributes used in the analysis 

are likely to change over time, and will be relevant to the individuals who made the 

decision. Other groups may come to different conclusions and will probably do so in 

different situations. The KT process is easy to understand, is readily accepted, as are 

its outcomes.  

                                                 
43 Kepner Tregoe (founded in 1958 by Dr. Charles Kepner and Dr. Benjamin Tregoe) is a US based  
business improvement consultancy that developed a staged problem solving and decision making process.  
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Decision making tools must be appropriate for the decisions to be made, but also be 

comfortable for users, (Brynielsson & Wallenius, 2003). They believe it is necessary to 

determine the range of outcome possibilities and then quantify the significance of the 

different consequences. A series of strategies can then be determined through an 

iterative process. However, Brynielsson and Wallenius believe MADM processes 

should be viewed through a series of cognitive rules described below: 

• Dominance rule: one strategy is better than all other strategies 

• Conjunctive rule: the utility of each attribute is not allowed to be below a certain 

threshold value that is specific for each attribute 

• Disjunctive rule: at least one attribute should exceed a certain threshold value 

• Lexicographic rule: attributes are to be ranked with respect to how important they 

are 

• Choice of the alternative with the most attractive value of a single attribute: the 

strategy that has the highest utility is chosen 

• Addition rule: attributes can be compared to each other in such a way that their 

respective utilities can be added. 

Obviously, not all of the above rules can be fulfilled simultaneously, which then raises 

the potential for debate within the DMG, each member of which may be operating to 

different decision making methodologies.  The difficulty for members of the DMG is that 

often they will not have time to undertake a solution identification process. One would 

hope that members of the DMG would have analysed a range of scenarios beforehand 

and determined possible solutions with alternate strategies to be exercised based on a 

series of unfolding situations: as might be established as a decision tree. 

Fallacious reasoning 

Hannson (2004) warns that decisions made under pressure may be based on 

fallacious reasoning.  He identified ten argumentative fallacies commonly found in 

public debates on risk that are reproduced in full below: 

Fallacy Hannson’s reasoning  
1. The sheer size fallacy 
X is accepted 

Y is a smaller risk than X therefore 

should be accepted 

 

Comparisons between risks can only be directly decision-

guiding if they refer to objects that are alternatives in one 

and the same decision. 

 

2. The converse sheer size 
fallacy 

This line of argument may be described as the converse of 

the sheer size fallacy, and it is equally fallacious. 
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Fallacy Hannson’s reasoning  
X is not accepted 

Y is a larger risk than X therefore  Y 

should not be accepted 

 

 

3. The fallacy of naturalness 
X is natural therefore  X should be 

accepted 

 

Psychometric studies indicate that most of us are more 

concerned about those risks that we believe to be unnatural 

than about those that we conceive as natural. Unfortunately, 

it is difficult to make more precise sense of this way of 

thinking, since naturalness is one of those concepts that 

seem to dissolve almost into nil when subjected to a logical 

analysis. 

 

4. The ostrich’s fallacy 
X does not give rise to any detectable 

risk therefore  X does not give rise to 

any unacceptable risk 

The standpoint that undetectable effects are no matter of 

concern is a common implicit assumption in both scientific 

and more popular discussions of risk. … the organization’s 

exposure limits ‘can never be used to guarantee absolute 

safety’, but found it sufficient that ‘they can be used to 

control adverse health effects of all types below the point at 

which they cannot be distinguished from their background 

occurrence’ (Mastromatteo 1981). 

 

5. The proof-seeking fallacy 
There is no scientific proof that X is 

dangerous therefore no action should 

be taken against X 

Science has fairly strict standards of proof. When 

determining whether or not a scientific hypothesis should be 

accepted for the time being, the onus of proof falls squarely 

to its adherents. Similarly, those who claim the existence of 

an as yet unproven phenomenon have the burden of proof. 

  

6. The delay fallacy 
If we wait we will know more about X 

therefore no decision about X should 

be made now 

In many if not most decisions about risk we lack some of the 

information that we would like to have. A common reaction 

to this predicament is to postpone the decision. … In the 

period when nothing is done, the problem may get worse. 

Therefore, it may very well be better to make an early 

decision on fairly incomplete information than to make a 

more well-informed decision at a later stage. 

 

7. The technocratic fallacy 
It is a scientific issue how dangerous X 

is, therefore scientists should decide 

whether or not X is acceptable 

It should be a trivial insight, but it needs to be repeated 

again and again: competence to determine the nature and 

the magnitude of risks is not competence in deciding 

whether or not risks should be accepted. Decisions on risk 
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Fallacy Hannson’s reasoning  
must be based both on scientific information and on value 

judgments that cannot be derived from science. 

 

8. The consensus fallacy 
We must ask the experts about X 

therefore we must ask the experts for 

a consensus opinion about X 

The conventional approach to science advising is to search 

for consensus so far as this is at all possible. Scientific 

expert committees have a strong tendency to opt for 

compromises whenever possible. … The search for 

consensus has many virtues, but in advisory expert 

committees it has the unfortunate effect of underplaying 

uncertainties and hiding away alternative scenarios that may 

otherwise have come up as minority opinions. If there is 

uncertainty in the interpretation of scientific data, then this 

uncertainty can often be reflected in a useful way in minority 

opinions. 

 

9. The fallacy of pricing 
We have to weigh the risks of X 

against its benefits therefore we must 

put a price on the risks of X 

There are many things that we cannot easily value in terms 

of money. … situations often arise in issues of risk, including 

those that involve the loss of human lives. We cannot pay 

unlimited amounts of money to save a life. The sums that 

we are prepared to pay in a specific situation will depend on 

the particular circumstances.  Again, general-purpose prices 

are not useful as decision-guides. 

To the contrary, such pricing will tend to hide away the fact 

that these are decisions under conditions that have all the 

characteristics of moral dilemmas. Our competence as 

decision-makers is increased if we recognize a moral 

dilemma when we have one, rather than misrepresenting it 

as an easily resolvable decision problem (Hansson, 1998b). 

  

10. The infallibility fallacy 
Experts and the public do not have the 

same attitude to X therefore the public 

is wrong about X 
 

Experts have been wrong on many occasions. A rational 

decision-maker will have to take into account the possibility 

that this may happen again (Hansson, 1996). In fact, when 

the output of a risk analysis of a complex technology 

indicates a low level of risk, the possibility that this analysis 

was wrong may very well be a dominant part of the 

legitimate concerns that a rational decision-maker can and 

should have with respect to the technology in question. 

The writer recommends the above table be used as a check list through a decision 

making process when developing flood emergency response strategies. 
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Cognitive Continuum Theory 

Cognitive Continuum Theory (CCT) was first described by Hammond in 1978 (Offredy 

et al, 2007) in which Hammond theorised that intuitive thinking and analytical thinking 

processes were not dichotomous. He then organised CCT into six broad categories as 

shown in Figure 8.1. 

 

Figure 8.1  Cognitive Continuum Theory (copied from Offredy, 2007) 

Offredy’s examination of nurses’ prescribing behaviour indicates that expert nursing 

“involves tacit knowledge”, and the “cognitive complexity of nurse prescribers’ decision-

making include how information is organised in memory and the weight or importance 

given to each piece of information before a decision is made and articulated.” 

Cooksey (2000) suggests that in working through a series of tasks, the reader’s 

response varies with the length of time needed to read the data, but the more familiar 

the reader becomes with the data, the greater the chance of pattern recognition.  He 

suggests this leads to an “earlier assimilation of data”, and “holistic perceptions of cue 

values … may tend to induce a more intuitive cogitative mode”.   

Wilson (2007) compares two thinking strategies for novel situations. The first is a 

methodical process due to the number of unknowns which require analysis, 

identification of causal relationships, options development and assessment and 

application of the adopted solution.  This is the KT situation appraisal, problem 
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analysis, decision process and potential problem (and potential opportunity analysis) 

process. The second approach is that taken by an ‘expert’, who can recognise when 

the former approach is necessary or a “recognition–response decision behaviour” is 

appropriate. Wilson articulates that experts know when to adopt rational analytical 

problem solving strategies, but when near instant reactions are required, decisions and 

reactions are intuitive. 

Perceptions of risk 

The new Australian Risk Management standard AS:NZS ISO 3100 (SAA, 2009) 

defines risk as an outcome that will have an impact on human activity which Renn 

(1998) comments is “a distinction between reality and possibility”. The earlier Australian 

Standard (SAA, 2004) discussed risk in terms of likelihood and consequences for 

which some practitioners try to develop mathematical relationships. 

A recent community survey of environmental health risks in Western Australia (GWA, 

2009) commented that trust in government was “an ongoing challenge for policy 

makers” and that risk was perceived differently by members of the community with 

gender, age and education important factors. 

Teigen and Frygunland (1999) looked at the perceptions of risk as expressed as 

percentage and probabilistic terms and found that people are more receptive to 

percentages than probabilities.  They suggested that “people reason differently (and 

more normatively) in frequency tasks than they do in probabilistic tasks” and those 

studies “could be used in support of the view that people do not regard frequencies and 

probabilities as equivalent.” 

 
Figure 8.2 - Statistical and Dispositional models of risk 
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In the previous figure the authors note that: 

more than half of the respondents in the present study preferred to draw causal 

arrows (1) from risk to probability of injury and harm (2) from probability to 

frequency, and (3) from risk to frequency. Thus the majority appear to claim that 

accidents happen frequently because the sport or substance is risky, rather 

than vice versa. They also tend to think that accidents or harmful effects are 

frequent because of their high probability, rather than the other way around. 

Half of the respondents think that risk is due to probabilities whereas the other 

half think that probabilities are due to risk. 

This confusion obviously leads to difficulties when flood warnings are presented to the 

community.  The key must be simplicity and consistency and in phraseology that the 

community will understand. 

The expression of risk to decision makers is not easy due to the varying 

understandings of risk by individuals.  Risk can be expressed in many ways 

(ecological, social and technological) but the received perception is interpreted by 

outcomes and “socially conducted realities.  The social experience of risk includes the 

perception of actual damage, but is more focused on the evaluation of the risk context 

and the associations between the risk and social or cultural artefacts” (Renn, 1998). 

People will reject advice to evacuate if they have other imperatives.  However, Renn 

notes that people will reject even the slightest chance of harm “if they feel the risk is 

being imposed on them”.  This is a contextual issue and not only applies to the 

acceptance of risk or otherwise by members of the wider community, but can also be 

resisted (or perhaps even resented) by decision makers if they perceive they are being 

forced into accepting unwelcome advice.  Renn suggests this can be overcome by 

taking a social science approach to presentation of risk by identifying cultural meanings 

and associations, explaining the context and articulate risk policies or processes for 

participatory and joint decision making.   

Individual response to advised risk will obviously differ from person to person.  Sjoberg 

(1999) suggests that men and experts “tend to stress the probability” descriptor while 

women and non-experts “tend to stress the consequences”.  This aspect to risk 

perception can reflect the professional experience and discipline of the recipient:  

whether they deal with low-probability large-consequences, or high-probability low-

consequences.  The total impact might be the same but there will be subtle influences 

on the reactions and community decisions that follow. 
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Fischoff (2010) states that because people dislike decimals, they are likely to over 

estimate small risks and prefer to consider probabilities, which is probably why 100 

year ARI is used more often than the statistically more correct 1% AEP (writer’s 

observation). 

Impact of Crises 

Sellnow & Seeger (2001) examined crisis communication during the Red River valley 

flood of 1997 and based their analysis on interviews with 50 home owners whose 

homes were “directly affected by flooding”. 

They found that with the increasing dependence on complex management systems, 

the greater the vulnerability in a crisis, also observing that two trends were driving the 

need to develop a better understanding of crises.  Practitioners needed more 

information enabling them to see crises from new perspectives.  Earlier paradigms had 

considered that crises were negative and disruptive, but Sellnow & Seeger saw them 

as opportunities to alter relationships, structures and belief systems. 

It was contended that a crisis was "a specific, unexpected and non-routine event, or 

series of events that create high levels of uncertainty and threaten or are perceived to 

threaten" high priority goals, including security of life and property and the general 

individual or community well being”, citing Seeger, Sellnow, & Ulmer, (1998, p. 233) for 

this definition. 

Four theoretical aspects were examined: 

1. Applied research:  to translate theory to practice 

2. Apologia:  analysis of apologies has led to better communication practices. 

3. Enactment:  Examination of post crisis messages has led to less equivocal 

statements from organisations through the process of communicating various 

responses or interpretations, Sellnow & Seeger cite Bantz (1995) and Weick 

(1979, 1995). 

4. Chaos theory that now should be included in emergency management 

consideration. 

Sellnow & Seeger observed that in the case of the Red River flooding, traditional 

approaches to flood forecasts excluded the possibility of chaotic conditions, and that 

city officials “remained locked into certainty seeking mode” … “They could not 

comprehend that something different was happening from their previous experiences”.  
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Sellnow & Seeger concluded the city officials did not recognise the possibility of 

unusual situations and therefore did not have appropriate contingency plans. 

The authors commented that official’s predispositions as to what might happen are only 

dropped when faced with a threat beyond their previous experiences, and this might be 

the first time earlier paradigms are “abandoned”. They concluded that revised 

interpretations of what might be occurring needed to be communicated to those at risk 

as soon as possible. 

In making a decision during an emergency, the psychological processes will include 

“work” that the decision maker has probably not done before, or perhaps never been 

done before. Calvin (2005) describes such a situation as being “at the high end 

scenery of neuro-psychology”. 

Calvin (2005) suggests an analogy for the thought process by use of an “intelligence 

deficit”, an effective Monte Carlo typology where many copies of cerebral firing patterns 

are delivered, but with minute variations to each ‘copy’ and then letting the variants 

“compete for dominance”. The patterns so memorised are stored in relation to their 

synaptic strengths. There is no doubt the brain has the storage capacity for a Monte 

Carlo type bombardment, but the delivery system remains obscure. The closest 

delivery system might be a series of relevant images delivered at subliminal speeds in 

much the same manner as a series of very similar flash cards used in classrooms 

based on a specific topic. 

The writer has observed some authorities having difficulties preparing for emergency 

response exercises in that, often they do not know what to expect and therefore can’t 

define the response exercise objective. This can mean uncoordinated and ill prepared 

tests (which will test participants), but the outcomes may not be optimal. So that earlier 

paradigms are not abandoned, the writer recommends a continuing series of response 

exercises based on random selections of flood magnitude. 

Decision equals excluding options 
The need to make choices by a decision44 maker during a flood emergency may not be 

easy. Making a decision involves excluding things that may not be included in the 

choice. “Scholastic philosophers had the dictum: ‘Every choice is also a renunciation’” 

(Rolheister, 2006).  

This can be psychologically difficult as decisions are often made on such factors as: 
                                                 
44 Decision: from [Middle English deciden, from Old French decider, from Latin dēcīdere, to cut off, decide : dē-, de- + caedere, to 
cut; see kaə-id- in Indo-European roots.] http://dictionary.reference.com/search?q=decide&db=luna 
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• the allocation of local authority resources  

• which analyses need to be made first  

• if or when to declare a flood emergency 

• which areas to evacuate first 

• what infrastructure or residential or commercial precincts to exclude from 

protection, etc.  

Decision makers need to be able to set themselves apart and contemplate strategies 

by which they can involve team members in the development of these strategies.  This 

can be a lonely activity but one in which creative opportunities can be developed and 

act as a catalyst for independent endeavour (Rolheiser, 2006).  

Many of these decisions can be avoided with good pre-planning and the development 

of action plans for different developing flood scenarios. What the respective plans and 

strategies might involve, should be communicated to, and be understood by political 

leaders and the community. However, a flood may not develop in the manner forecast, 

and the predetermined development strategies might not be appropriate. DMG decision 

makers need to be aware of creating potentially false expectations. 

Creativity 
Jonas Lehrer published an article in The New Yorker45 in 2008 that outlined the 

neurological aspects of creativity. In this article Lehrer discussed an “insight 

experience” in which solutions or explanations come without warning.  It seems that the 

first brain areas to be activated are those involved with “executive control”, such as the 

prefrontal cortex and the anterior cingulate cortex. At the same time, sensory areas 

become silent to allow the brain more computational power. 

During the search process, various areas of the brain become activated, such as with a 

work puzzle, whereas areas associated with speech and language are excited. If a 

solution is not found, the executive control portion re-asserts, and other areas of 

memory are examined. Sometimes an ‘insight’ appears and is accompanied by a burst 

of brain activity, which is thought to come from the brain making connections between 

disparate neurons allowing the new network to enter consciousness.  

The key to the ‘insight’ process seems to be a need for the brain to relax, and eliminate 

as many sensory distractions as possible. This cycle may need to be replicated – 

mental hard work, relaxation, and then if no ‘insight’, more relaxation, even to the 

extent that we “need to sleep on it”.  
                                                 
45 http://www.newyorker.com/reporting/2008/07/28/080728fa_fact_lehrer  
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This comment is supported by a report (New Scientist, 2004) on the importance of 

sleep in problem solving. This study allowed an eight hour break and of those who 

slept during the break, more than twice as many solved the assigned problem 

compared with those who did not sleep.  

Summation 

Decision making ground-rules should be discussed and agreed upon before a flood 

emergency is imminent, but they should also be ‘workshopped’ prior to any “dry run” 

flood exercises. The workshop should involve members of the community, local 

government decision makers, state emergency management specialists and facilitated 

by a communication specialist. 

Cognitive Continuum Theory (CCT) has application for the development of warning 

messages and their interpretation. When applied to flood warning communications, the 

messages should maintain the same pattern, format and sequence of information, but 

highlight differences from previous messages.  Although this interpretation is simplistic, 

it does highlight a risk that with pattern recognition, data is processed so quickly it is 

easy for a reader to overlook changes.  Therefore, changes in messages should not be 

subtle, but blatant, direct and indicate which group of users needs to be notified of any 

changes to the potential status.  

Offredy’s (2007) work also suggests that residents who have to make evacuation 

decisions should also have ‘expert knowledge’ which implies ongoing community 

education and awareness programs. 

People are more receptive to probabilities than percentages and individual responses 

to advised risk will differ from person to person. 

Decision makers need always remember not to delay making decisions until there is 

insufficient information as the problem may worsen during the delay.  

Decision makers need to be able to absent themselves during an emergency when a 

seemingly insolvable problem arises. They need to be quiet, allowed to rest, any 

sensory stimuli removed, and allow subliminal mental processes to occur to allow the 

‘insight’ process to work. 
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8.2 PSYCHOLOGICAL PROCESSES 
This section reviews some mental processes that impact on the way we perform under 

stress and make decisions from the perspective of an engineer. It commences with a 

consideration of the implications of the limits of short and long term memory and the 

development of patterns and somatic markers that facilitate decision making 

processes. 

Memory is our ability to store, retain and recall information.  

Simon (1996) believes that with age, we accumulated a number of cognitive templates, 

or patterns that provides a powerful mechanism for “successful cognition”. Damasio et 

al (1996) argued that thought is made largely from “images broadly construed to 

include perceptual and symbolic representations”, while Finucane et al (2002) 

suggested the application of markers that would react to stimuli and influence the 

decision making process. These ideas are supported by Goldberg (2006) who 

postulated that memory of facts, figures, events and solutions are in the form of 

patterns.  

Goldberg (2006) considers that when confronted with an apparent new problem or 

information, an older person seems to search for similar situations or patterns, rather 

than undertake the difficult analysis processing activities in the front of the brain. As the 

brain ages, it moves from problem solving to pattern recognition and changes the way 

the different parts of the brain contribute to the process. The cortex is used less while 

there is increasing dependence on “sub-cortical machinery”.  

This also affects the working memory and somatic memory, our ability to learn new 

facts, our brain’s ability to switch from one mental process to another, and attention can 

be selective. Each unique memory could be seen as being accompanied by metadata 

that provides a key for pattern searching, in much the same way as primary and 

secondary keys are used in database navigation. Goldberg describes these cognitive 

templates that enable pattern recognition as attractors, each with a unique property so 

that a broad range of inputs would enact the same “neural constellation” automatically. 

Both short and long term memory development is critical for emergency managers. 

Long term memory must be refreshed reasonably regularly otherwise the linkages 

between the 50,000 or so neurons that form a memory can decay (Calvin). The ability 

to remember critical matters about the performance of a floodplain during a flood, 

evacuation and logistic requirements will assist emergency management and may 
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prevent a disaster from unfolding. Being able to remember also removes much of the 

stress of crisis situations. 

Short term memory occurs for generally less than a minute without review of subject 

matter. Recall can extend to several hours if subject matter can be ‘kept in mind’. 

Studies indicate that people have the ability to hold 4 to 9 items within short term 

memory (Calvin p.152). This has implications for mental processing when only about 3 

or 4 matters can be ‘kept in mind’ during the processing process, with the balance 

matters being results and/or consequences generated in the pre-frontal cortex. It’s this 

limitation that has consequences for the development of decision support systems, 

where the presentation of matters is limited to a maximum of three or 4 items. As each 

matter is dealt with, the information is processed and presented along with other 

‘higher order’ information. 

Memories can be enhanced by paying attention, becoming organised, imprinting the 

associated emotion, reviewing the work constantly and getting enough sleep to provide 

sufficient time for the subconscious sorting, storing and discarding processes to take 

place. This has implications for staffing within the Disaster Management Group given 

the need for rest and sufficient sleep to maintain alertness and for memory to function. 

An emergency manager also has to ensure that memories are developed in the 

community.  People may not need to ‘keep in mind’ all information relevant to their 

personal flood situation all the time, but they do need reminding where to get that 

information, and how to use it when needed. Community education and awareness 

programs must be revisited reasonably frequently. 

Conscious and sub-conscious processes 

Conscious processes occur during the short term memory phase when several things 

are held in memory and the prefrontal cortex seeks to define relationships or ascribe 

meaning to the information. Calvin (2002) reminds us that “no particular area in the 

cortex is the centre of consciousness for very long before another takes over” and that 

the brain needs to act subconsciously as well as consciously. Problems need to be 

fragmented in bite size pieces and presented in such an order they can be processed 

and lead the reader to the desired decision.  

Calvin considers that “our brain can manipulate representations in such a way as to 

cause a copying competition, one that can be Darwinian and so shape randomness 

into a good guess. This descent into cerebral codes …(like bar codes at a 
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supermarket) …are abstract patterns and cerebral circuitry (particularly the circuitry of 

the superficial cortical layers responsible for the brain’s inter-office mail)”. 

Upon receipt of information, people classify it according to paradigms, schema or 

heuristics as “sensemaking” as used by Sellnow & Seeger (2001). Let us then assume 

that in this sensemaking process, the brain develops relationships between its existing 

memories and the new information, sorting it by what might be needed and for what. 

This basic pattern then needs an attractor (database table key equivalent), or develops 

a metaphor that might simplify the information for later personal decision-making 

scenarios. This has significant implications for individual decision making during a flood 

emergency. Individual community members need to be ‘primed’, by providing them with 

information beforehand when the brain is not under stress, and when it can process the 

information, classify and store it along with its database keys or perhaps its heuristic 

metaphors. 

The problem then, is how much information can be held in short-term memory (for say 

one to thirty minutes) as well as hold new information being presented. Decision 

makers at both ends of the flood management spectrum (Disaster Management Group 

and community individuals) need to develop strategies for dealing with this by letting 

the subconscious do its work.  

Calvin (2001) suggests an approach to solution-finding that involves a series of mental 

work places, where analogies are stored and new relationships are established 

“between the work spaces”. Further processing occurs when analogies are copied and 

manipulated to compete with each other, so that “the more successful patterns provide 

the centre for the next round of variants”. Whilst this processing occurs, relationships 

must exist between the various work-spaces as they are ranked and sorted through the 

development of strategies. These steps can occur subconsciously, but can also be 

performed in an explicit manner as a group workshop.  

The storing and processing of information is important, not only to decision makers in a 

disaster management group, but is also important to the public, who have to make 

sense of the warning information, then make potentially life changing decisions and 

have the strength to act upon them.  

An argument might begin with the statement that: people can learn from the 

experiences and actions of others; they do not have to understand a threat, just know 

how to react to the signs. This paternalistic approach is not in the spirit of inclusiveness 

of the community’s role in floodplain management and preparation for flood emergency 
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decision making. Whilst community members might learn from others, they do need to 

understand how a threat might impact on their mental, physical, social and financial 

wellbeing. They also need to know what to do if the threat ever arises. 

During the onset of a potential disaster, the amount of information to be processed is 

considerable, consequently needing to be presented in ‘digestible chunks’, and in two 

forms: descriptive knowledge (What is it?) and prescriptive knowledge (What shall I 

do?). 

Subliminal 

Damasio et al’s (1996) ‘somatic marker hypothesis’ suggests the marker stimulates 

responses at several operational levels that might be done consciously or 

unconsciously. Damasio argues that thought is made largely from “images broadly 

construed to include perceptual and symbolic representations”. Johnson (2004) 

describes a somatic marker “as some bodily state which is generated as a 

consequence of some mental process. This state is then re-perceived by the mind and 

as a consequence, the mental state is changed”. Finucane et al (2002) postulate that 

over time, these images become marked by positive or negative feelings that “increase 

the accuracy and efficiently of decision processes.” 

Another aspect to be considered is whether it is possible to modify the way subliminal 

markers are attached to warning messages so influencing the way people react.  It has 

been stated (Finucane et al, 2000 p.2) that the sub-conscious application of “affect” (46) 

acts as a marker to assist reaction and influence the decision making process. They 

observed “an inverse relationship between perceived risk and perceived benefit” and 

postulated that observers subconsciously included an adjective before viewing an 

object.  

Epstein (1994) raised these concepts in his work on cognitive-experiential self-theory, 

which suggested two levels of information processing, where conscious processing 

functions differently than at the subconscious level. These serve to mitigate extreme 

behaviour generated by one processing function or the other. Epstein further reasons 

that resulting actions are subliminally dependent on personality and a person’s belief 

system. If a conclusion seems unpleasant at the subconscious level, the brain forces 

analytical thought at the conscious level. 
                                                 
46 The authors use the word “affect” to mean a feeling state that people experience, such as 
happiness or sadness. It may also be viewed as a quality (e.g. goodness or badness) 
associated with a stimulus. These two concepts tend to be related.  
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The introduction of a subliminal marker in a warning message would introduce a bias in 

the warnings which in some circumstances could have unfortunate consequences, 

such as if a person acted on a warning later found to be unnecessary and suffered an 

unfortunate incident.  A decision maker’s defence that the warning was issued in the 

context of the ‘greater good’ may not yet have been tested in court. 

Further work on the somatic marker hypothesis was based on behavioural 

observations following trauma damage to different parts of the human pre-frontal cortex 

(Bechara et al, 2000).  The authors describe four assumptions that support the 

hypothesis, one of which requires that “reasoning and decision making depend on the 

availability of knowledge about situations, actors, options for action and outcomes.”   

Opportunities from neural research  
Effective decision making is also built on knowledge of the manuals and guidelines 

published by EMA and state government authorities, which emergency managers and 

planners are expected to and should base their contingency planning upon. Many of 

these manuals were first written over ten years ago and whilst they are being 

progressively updated there is an opportunity to modify the messages within. 

State and local government emergency managers need to understand the implications 

of recent research that has been demonstrated through modern brain imaging 

techniques. Many of these techniques weren’t developed nor had their research 

capabilities and implications been understood, until after the publication of many of 

Australia’s emergency management manuals. The implication is that the manuals have 

not been tested for their effectiveness through neurological methods. It may be 

possible that memory markers or memory ‘joggers’ can be included in the manuals that 

will trigger a response or reinforce memory. 

The writer believes that knowledge of both psychological and neurological processes 

can lead to accelerated learning processes, improved concentration, avoidance of 

brain overload and hopefully lead to greater effectiveness in stressful situations. 

The conclusions emanating from neuro-scientific research could assist emergency 

managers to ‘fine tune’ their warning messages and how, as individuals, they interact 

with others within the emergency management centre.  It is also possible that these 

and future research publications will assist in the presentation of visual images and 

material published on web-sites. 
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Summation 

Memories are stored with three attribute classes: facts, metadata as described earlier 

and somatic markers that apply intrinsic feelings to the facts. How those memories are 

maintained will depend on the language used in the education and awareness 

program.   

Neurological research in combination with psychological research, could assist 

emergency managers to ‘fine tune’ their warning messages and how, as individuals, 

they interact with others within the emergency management centre. Unfortunately, 

emergency managers and decision makers are rarely exposed to this specialist field 

until brain development has passed into its mature stage. It would be useful if risk 

analysis, risk management and emergency planning were available for study in tertiary 

institutions. 

The more disaster processes are studied, the more likely that somatic markers will be 

established, neurological pathways that link ‘disasters’ within the brain are 

strengthened, and a greater number of ‘patterns’ will be generated. 

Goldberg’s proposition that an aging brain seems to search for similar information or 

patterns of information rather than go through a problem solving process, provides us 

with the possibility of trying to develop this pattern recognition process in younger 

brains. If this can be done, then memory is facilitated and judgement calls might have a 

sounder basis. It has been shown earlier (by Hannson) that decision makers can’t wait 

for all the information they need before making a decision. 

The key to memory appears to be the development of either somatic markers, 

metaphors, or database “keys” that ‘prime’ individuals to be able to recall the necessary 

information from the awareness program. Information should be presented into 

digestible ‘chunks’ that are linked by markers. 

Our brain has inbuilt ‘truth filters’ with an ability to categorise things, events and 

impressions, which means that warnings must be presented clearly, without ambiguity 

and in a logical sequence. Warning messages should be reinforces with a summation 

following the main message. 
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8.3 DEVELOPMENT PROCESSES 

The psychological processes of the preceding section ascribe ‘meaning’ to information, 

whether it is good, bad, safe, unsafe, healthy, etc., and influence the way people react 

to flood warnings or unpleasant advice or direction and making decisions. Much of this 

is done subconsciously. If these processes are understood, then it may be possible to 

deliver messages in such a way that the adverse aspects of the psychological 

processes might be avoided, and lead to greater efficiency when evacuation is 

required. 

Introduction  
Language is essential for transferring information and can add value or detract from 

message content.  In this chapter, some of the characteristics of language will be 

investigated, and where possible, determine how its attributes can be utilised more 

effectively in conveying warning messages.  It should be remembered that warnings 

are not the exclusive province of decision makers, but also represent transfers of 

information within the Disaster Management Group (DMG) such as when a flood 

situation changes. 

Language 
In its most basic form, language has grammar (word forms and endings), syntax 

(arrangements of words) and phonology (sounds) and each of these affect message 

reception and understanding. The use of language must also consider cultural 

differences and the impact of gesticulation when delivering messages. 

For clarity there must be a fundamental relationship in the way words are put together 

and the words themselves must have meaning. Language allows us to generate 

true/false statements. Our brain has inbuilt ‘truth filters’ with an ability to categorise 

things, events and impressions. Statements such as “there will be a flood yesterday” 

are obviously wrong. By learning vocabulary and the conceptual nature of language, 

we can develop an understanding of complex hierarchical relationships. This can 

happen rapidly as demonstrated by the development of Creole. 

During the early phase of slavery, Africans from different regional areas and languages 

were transported in various ethnic groups to minimise the risk of coordinated rebellion. 

The only way they could communicate verbally was by the “reduced language” Pidgin 

(Bragg, 2003, Calvin, 2001). A generation later, the sons and daughters of Pidgin 

speakers developed their own language Creole by “creolising” their Pidgin, developing 

new words and in time developing a grammatical structure. Bragg  states that “some 
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linguists believe that this extraordinary and miraculously rapid (within a single 

generation) grammatical development is due to an innate human instinct, that part of 

the brain “has grammar wired in …”. This is supported by Noam Chomsky47 in his 

discussions of innate language, syntax and understanding. 

Information can also be conveyed by means of inflection and intonation (the emotional 

tones). An article in New Scientist (14 May 2009) cited research by Ethofer who 

scanned 22 subjects’ brains while they listened to the pseudo-sentence “ne kalibam 

sout molen” spoken by 10 different actors in five different ways: anger, sadness, 

neutralist, relief and joy. Ethofer imaged different parts of the brain, was able to match 

distinct patterns with different emotions and concluded the auditory cortex has other 

attributes rather than just being sensory.  

Although speech is a prime method for conveying information and facial expressions 

can enhance the transmittal of message, if speech is accompanied by hand and arm 

movements, the comprehension process can be unclear and confused (Skipper et al, 

2009). If those hand and arm gestures are not meaningful, messages may be 

confused. D’Ausillio et al (2009) had a slightly different focus but concluded a nexus 

existed between speech and motor circuits not directly concerned with speech. This 

has severe implications for the delivery of warning messages if the speaker in an 

interview situation does not have effective control of face or limb movements. 

Metaphors are widely used in language and are a valuable tool to explain, adding 

meaning to situations and tapping into the creative sources within the brain. They may 

also facilitate copying mechanisms at a sub-conscious level to achieve the pattern 

recognition proposed by Goldberg.  

A metaphor is defined as “an application of name or descriptive term or phrase to an 

object or action to which it is imaginatively but not literally applicable” (Pearsall et al, 

1982). It could be said that a metaphor is a language allegory to a somatic marker.  

Hyman (1974) considers metaphors are “deliberate and useful”, they “enrich our 

language”, and develop new ways of viewing situations. Are “raging floodwaters” the 

result of “torrential downpours”? Do “rivers run”? Rivers do not “run” in the literal sense, 

but “run” is a shortened way of saying that a river has water that flows. Metaphors and 

adjectives add to the colour of language, and probably aid memory through the 

attachment of somatic markers.  

                                                 
47 http://en.wikipedia.org/wiki/Noam_Chomsky  
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However as mentioned earlier, there is a risk that metaphors and adjectives can 

unconsciously introduce bias or be pejorative by applying incorrect roles or 

categorising participants, such as describing an emergency decision maker as “an 

unnamed government official”, or to the public as “isolated”, or as “unfortunate” 

evacuees, or as “long-standing” residents. “Positive” metaphors can facilitate action, 

such as “residents can seize an opportunity to rebuild above the flood line”, or “take 

positive action to regroup their families”.  

It is essential that all members of the DMG are good communicators to explain and 

discuss problems with each other, and to engage with the community to convey the 

meaning of complex situations in simple language.  This is a skill that needs to be 

learned, but is not yet considered a major part of an engineer’s professional continuing 

development program. 

Role of journalists 

In many local authorities, engineers become emergency managers or become 

members of the Disaster Management Group. However when engineers learn to write 

their reports, they tend to avoid hyperbole, metaphors, similes and adjectives but we 

know that in verbal language, vocal expression and gestures add to the message and 

are key parts of oratory and explanation. If messages are to be more readily accepted, 

then the tone of the language must accord with the gravitas of the flood situation. When 

converted from written word to speech, it must be done so in a form that will be 

accepted by the listening public. It is those listeners who will discuss and seek 

validation from others, and/or be in a position to interpret or pass on warnings to those 

who do not hear or do not understand the ‘official’ message. 

The translation of written word (often prepared by engineers) to a formal ‘official’ 

announcement should be made by a person, such as a trained television newsreader 

or journalist who translates ‘official’ advice into digestible and useful information. Hand 

and arm gestures can reinforce messages or confuse or distract from the message.  

This is not usually a problem for television presenters, but it could be an issue for ‘door-

step’ explanations given by emergency managers or politicians commenting on a 

worsening flood situation. 

Learning principles 
Learning is the opposite of teaching, where the transmission of ideas and information is 

received and understood by the student. Hyman (1974) identifies four concepts for 

teaching: 
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• the student believes that what he/she needs to know is held by someone else 

• teaching is “the activity that brings about the accumulation of knowledge” 

• the teacher “has the knowledge” or “can guide the student to … that contains it” 

• the teacher “can transmit the knowledge”. 

Connell et al (1962) outlined a series of learning principles: 

a. Motivation:  There is a greater likelihood of learning taking place when an 

individual is motivated, or when the learner is subject to some pressure or has a 

need for information. 

b. Practice:  Repetition facilitates learning. Different relationships may be 

perceived when information is re-presented. This reorganisation of ideas can 

provide different views or perceptions. 

c. Past experiences: Past experiences contribute to efficiency in learning.  A 

differentiation has to be made between meaningful and meaningless material. 

The former, will enhance memory connections within the brain, and have to 

potential for connections to be made with new experiences. 

d. Level of maturation: Learning is accomplished more readily and tends to be 

more enduring when the activity involved is appropriately geared to the 

learner’s physical and intellectual level of development.   

e. Activity: Learning is an active process.  Learning has to be accomplished 

by the learner, who has to internalise the information. 

f. Reinforcement: The possibility that learning will occur is greater when 

different ways of responding or behaving are followed by different conditions. 

The different conditions are effectively different stimuli on earlier subject matter. 

These provide different neural connections within the brain, thereby 

strengthening existing memory and either developing Gestalt type reactions or 

subliminal markers. 

g. Transfer of Learning: Behaviour or responses learned in one situation may 

transfer to, that is, be available for use in other situations. Connell et al also 

consider it important to demonstrate the underlying principles and “provide 

opportunities to recognise and/or apply the principle in varied and increasingly 

complex situations.” 

Learning ‘emergency’ might be effective if biased to Gestalt type paradigms because 

they seem to be more closely aligned to sensemaking and somatic marker thinking as 

described earlier. However there are other learning theories outlined by Connell et al 

(1962) that could also be loosely adapted to this thesis.  
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The first of these theories are those presented by “Associationists” who concentrate on 

“stimulus–response” mechanisms and the changes in behaviour and environmental 

influences “which bring about learning”. They are concerned with the poor retention of 

information by a student having fully participated in the learning process. The basis on 

understanding revolves around the making of cognitive connections between different 

sets of information through trial and error, but done so in a guided manner. 

There are a number of cognitive theories that include Gestaltists, Field Theorists and 

Purposivists. They stress the importance of “active interpretation of environmental 

stimuli” in learning.  

Role of simulation 

Storage of information seems to be accompanied by metadata that not only stores the 

location of the information, but its characteristics associated with experience type, 

personal reaction to the experience, similarity to other experiences and as postulated 

(by Goldberg), synaptic linkages to potential solutions. 

An emergency decision maker is in a responsible position and has to be trained in what 

to expect and how to react in emergency situations. This is particularly important if the 

person has not experienced a statistically significant emergency event. So how can the 

brain be trained to learn new experiences and what are the learning processes? 

Educators believe that simulation is an effective teaching method and refers to role 

playing (Hyman, 1974). Armed servicemen are trained extensively in simulation 

exercises that vary slightly to widen the experience and reactions of participants. This 

builds a series of patterns within the memory, and with other metadata facilitates 

recovery of possible solutions when novel solutions are faced. 

An ABC news radio broadcast on the 2nd of February 2009, reported that US 

researchers have undertaken brain excitation imaging studies and concluded that 

reading excites the same parts of the brain as those parts excited by a virtual reality 

simulator.  For example, the parts excited during physical activity such as walking 

include the motor cortex. A person walking in virtual reality, or a person reading about 

walking, both excite the motor cortex. 

The comparative effectiveness of reading purposely prepared material or simulation 

exercises, depends on whether the training is for individual effort or group activity.  

Given that emergency management is a group activity intended to protect the 
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community, the degree of mutual cooperation needed suggests that simulation 

exercises will be more effective. 

 

Implications for emergency planning 

The forgoing seven learning principles can be applied to disaster management training 

for those involved in the preparation for disasters, and then applied to community 

education programs. Training has to be directed at two levels: facilitating the work of 

emergency planners and managers, and ensuring the community is prepared to react 

to warnings. 

A pre-condition for effective disaster management is a willingness of the population at 

risk to accept the advice. This requires a community to trust the information provided, 

have an understanding of emergency management policies and know the appropriate 

sequence of actions when the events leading to a warning are triggered. 

In formulating public policy, information flow should be reciprocal, where both the public 

and the authorities are teachers and students. For emergency planning, the local 

authority has to explain the flood risk, possible flood scenarios and then glean from the 

public its need for the public’s pre-flood planning and the information to be provided to 

it by the DMG during the emergency. 

During emerging disasters, the public generally has no choice but consider that the 

local authority has the expertise and knowledge and implicitly accepts a subordinate 

role for the knowledge transfer. When time is available, community members will 

challenge government supplied information if that information is deemed unacceptable. 

During the Guragunbah floodplain structure planning process (GCCC, 1997) in which 

the writer was intimately involved, members of the community Advisory Committee 

initially accepted a subordinate role but when they realised the participative nature of 

their role, they began to question the experts’ knowledge and logic. This questioning 

resulted in a partial role-reversal that was instructive and supported the participative 

nature of the Advisory Committee.  

Gestalt psychologists believe that the “whole is different from the sum of its parts” 48 

and developed a set of principles to explain how parts could be organised into a whole. 

                                                 

48 http://psychology.about.com/od/sensationandperception/ss/gestaltlaws.htm 
(downloaded 11 June 2009) 
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They consider that perception is an individual’s “own restructuring of the sensory field” 

(Connell et al, 1962) and learning occurs when all relationships are formed into an 

organised pattern. One of the Gestalt laws is that of “pragnanz” where a group of 

objects is organised in the simplest form possible.  

In learning or encountering a new situation, people will try and make sense of the 

situation and create a harmony among the ideas formed. When this understanding or 

harmony is reached, learning is said to have occurred. Given the lack of technical 

knowledge among members of the Advisory Committee, it is believed these simplistic 

perceptions and patterns played an important part in being able to contribute to the 

structure planning process and development of its associated Hydraulic Masterplan49. 

The ‘teaching’ process adopted during the early weeks of the Advisory Committee was 

to provide information as a series of position papers, when floodplain knowledge was 

‘chunked’ and relationships between the “chunks” explained. Although the Committee’s 

activities were directed to the development of a Structure Plan for a floodplain, the 

process demonstrated that not only knowledge could be transferred, but done so 

successfully in recognition of the threats that flooding could pose. 

For a more effective presentation of information, the methodology has to be more 

subtle than just chunking. In the Guragunbah Advisory Committee process, Committee 

members were under a social pressure to contribute in an environment where member 

views were diametrically opposed. Much of the organising of information was done by 

Committee members who, by asking questions, sought clarity on where the ‘chunks’ 

fitted into the broader picture. In a wider community education process, there is no 

such pressure and probably for most of the community no pressure to learn, as the 

community would believe it is the responsibility of ‘government’ to look after the 

community. 

So those who are to be engaged with the community to develop its flood awareness 

and prepare for evacuation must have teaching skills, and be aware of the seven 

education principles described above. A similar approach was taken at Gold Coast in 

2001 and 2002 when the second round of community engagement commenced 

(GCCC, 2001a). 

A local authority may undertake a public awareness and education program but at the 

end of the process is likely to be unaware of its success rate without some form of 

verification. It is generally not practical to test wide sections of the whole population, 
                                                 
49 The writer was prime author of the Hydraulic Masterplan 
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but there may be opportunities to follow up with volunteers. Whilst this is practical, 

there is an in-built bias as volunteers will likely have an interest and therefore a higher 

motivation than the majority of the population. 

Nevertheless, questions should be directed to test recollection of facts, assess their 

understanding of flooding and its adverse impacts for each volunteer’s local context, 

and to assess learned skills directed to evaluating information provided as part of the 

flood warning continuum. 

Summation 
Language has grammar (word forms and endings), syntax (arrangements of words) 

and phonology (sounds) and each of these will affect message reception and 

understanding. The nature of the words used to convey messages is fundamental to 

the success of warning messages. 

Information can also be conveyed by means of inflection and intonation (the emotional 

tones). If messages are delivered with too much emotion, there is a risk of engendering 

panic. If messages are delivered in too ‘dry’ a tone, they will not attract the interest of 

listeners. 

Metaphors are an essential part of language and can add value to warnings by 

imprinting markers to the information set within memory. However they must be used 

with care, as they can attach unfortunate meanings which are not only inappropriate 

but can be misleading and confuse the message being delivered. 

8.4   CAPACITY BUILDING 
Individuals and groups can be more effective if their training is directed to a certain 

purpose. However, there are situations where training is not directed, and where 

individuals or groups learn ‘through the school-of-hard-knocks’. When learning is 

successful, a capacity to do more is developed. Lessons learned should be shared for 

the greater benefit of the community. 

When appointed, emergency managers are recognised for their competence under 

stress, their ability to make decisions and respectful person-management skills. To 

acquire these skills and recognition invariably takes 15 or more years of experience. It 

is possible that younger engineering managers become a local authority emergency 

manager without having the breadth of experience usually found in such roles.  
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Organisational 

Leaders and specialists have an obligation to share their knowledge, particularly when 

life, injury, loss of assets and income are threatened. From the writer’s personal 

observations, some organisations do this well, but others need improvement. There are 

many missed opportunities to impart knowledge, and in imparting knowledge, the 

trainers often learn more and gain deeper insights into their own specialist subject. 

There are many groupings such as: 

• leadership: subject matter experts, mentoring and coaching, champions and 

advocates 

• technical advancement: reference methods, lessons learned, reference 

specifications  

• management and support systems: skills maps, library and information 

services, records management, information management, workshops, networks 

and communities 

• guiding philosophies: sustainability, innovation  

There is a need for all who are involved in local authority disaster management to 

maintain close liaison with the local State Disaster Management Group and State 

Emergency Services. Within a local authority, each person needs to become an expert 

for their own role and competent in other functions, ready to fill a gap higher, lower or 

adjacent to their own task.  This can only be undertaken by team building, acceptance 

of the value of another’s role, and continual mentoring and training within the various 

groups. 

Involved Community 

Community consultation, education and awareness programs also provide 

opportunities for greater involvement with individuals, either through State Emergency 

Services (SES) volunteers, participation in community advisory committees, or as 

group leaders within a community “flood watch” program as was established within 

Logan City (Chapter 3) many years ago. 

Another aspect of capacity building often overlooked is the leadership developed by 

individuals who rise from the crowd and take personal responsibility for others during 

an emergency. These heroic acts can encourage confidence and inspire others. 

Each disaster will provide lessons, however for those lessons to be learned, time must 

be set aside while the events are still within the short term memory, to record those 
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lessons and convey them to others. For communities, this must start with trauma 

counselling, where people relive their experiences, record them and hopefully allow 

them to move in a constructive manner. 

Wider Community 

Government expenditure in anticipation of a disaster (such as the Y2K phenomenon) or 

following a disaster (post WW2 in Germany) seems to stimulate the economy. If this 

economic hypothesis is accepted, then there are opportunities to expand the taxonomy 

for disaster management by extending the scope of flood resilience measures.  

Resilience can be defined as the ability to recover from, or adjust easily to misfortune 

or change. 

If mechanisms to facilitate change in modern communities are developed, then it may 

be possible to develop local income earning activities that are less likely to be affected 

by flooding.  This can become the catalyst to build the social and emotional resilience 

of people and their communities, who will be better able to react and survive future 

events that might otherwise be considered disasters. It is hoped that leaders who arise 

during, and following disasters, would be able to encourage and motivate more 

vulnerable people elsewhere. 

Summation 

For community awareness and education programs to be successful, learning has to 

occur, and will not occur unless some or all of the main learning principles are 

engendered for whom the programs are directed. These learning principles are: 

motivation, practice, past experiences, level of maturation, activity, reinforcement and 

transfer of learning. 

Training has to be directed at two levels: facilitating the work of emergency planners 

and managers and ensuring the community is prepared to react to warnings. 

Decision makers and emergency planners can benefit from learning through simulation 

exercises. These would seem best performed in group situations where there is a 

degree of mutual cooperation between team members. 

Leaders and specialists have an obligation to share their knowledge, particularly when 

life, injury, loss of assets and income are threatened. 

Mitigation strategies should be financed on the basis that the adverse economic 

impacts of future disasters would be avoided. Funding mitigation projects on the basis 

of social and economic recovery is seen as being just as important.  
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9  SUMMATION 

9.1   THESIS APPROACH 

This thesis has examined the factors that affect decision makers prior to, and during a 

flood emergency, to determine how adverse factors can be diminished. This has been 

done on the context of governmental, climatic, riverine and development regimes of 

South East Queensland, Australia in order to improve floodplain management 

methods.  

The journey has focused on emergency management, and in particular, how to better 

prepare decision makers for flood emergencies. The thesis has also sought to identify 

ways to diminish the likelihood and adverse impacts of severe flooding.  

It should be remembered that preparing for a flood emergency does not commence 

with the onset of heavy rain, but by involving the community at risk in their own 

decision making process. For the community to gain maximum benefit, it will need to 

be informed of the issues by a respected and knowledgeable team, and by continued 

reinforcement and updating with new information. 

Emergency managers and the community can be empowered through the building of 

political constituencies to influencing development approval criteria, community 

education and awareness programs, training and the management of a disaster 

management group. 

These imply that the respected and knowledgeable team must know the subtleties of 

floodplain hydraulics, floodplain development impacts and the legal implications 

incumbent upon local authorities.  Community educators need to understand how the 

brain receives information, sets memory and how memories can be strengthened. This 

implies a need for psychologists and professional adult educators to be part of 

community awareness programs. Decision makers (both within the Disaster 

Management Group and members of flood prone communities) need constant 

reinforcing of memories. 

The management of a pending flood emergency will depend on the means, substance 

and clarity of communications to and from decision makers, and the psychological 

processes than can enhance or disrupt the mental reception and understanding of 

communications. 
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The following major themes that have been examined in the previous chapters are 

fundamental to determining the adverse factors than can affect decision makers prior to 

and during a flood emergency: 

1. the statutory obligations and expectations of emergency managers based on 

Queensland’s legislative framework 

2. factors that affect the necessary emergency management capacity of a local 

authority 

3. a community vulnerability and resilience theme founded on community 

involvement and a risk based approach to land use planning 

4. a technical theme that investigates hydrologic and hydraulic forecasts, decision 

support systems and the implicit trust placed in them by decision makers and 

the community 

5. psychological pressures on decision makers based on political support, 

decision making skills and trust, and how those might be improved through 

improved communications and learning. 

These are supported by the following appendices to provide additional context to the 

thesis. 

Appendix A contains a selection of statements from Emergency Management 

Australia’s Manual 21 “Flood Warning” (COA, 2009b) that provide a baseline of best 

practice in Australia. These high level statements are not contested but the level of 

detail within the Guide should be reviewed by disaster psychologists and education 

specialists based on recent neuro-psychological research. 

Appendix B presents three peer reviewed papers. 

Appendix C explains the hydraulic impacts of earthworks in floodplains as they relate to 

development applications. 

Appendix D outlines the requirements of hydraulic reports that support floodplain 

development applications to local authorities. 

Appendix E discusses the need for cumulative development flood modelling. 

Developers are required to submit hydraulic reports for works in a floodplain, and these 

reports have to be prepared in such a manner that a local authority can rely on them 

unequivocally, without any unknowns or uncertainties. This requirement is founded on 

common and tort law.  
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9.2   FINDINGS 

9.2.1 General 

With the exception of the first chapter, all chapters (or sections of chapters) conclude 

with a summation and conclusions relevant to that chapter. These are not repeated, but 

it is worthwhile taking an overview. 

1. The decision-making ability of the Disaster Management Group should be 

underpinned by knowledge of floodplain behaviour, of the impacts of 

development, and of the extent, magnitude and degree of exposure of the 

community from the adverse impacts of an imminent flood. 

2. The effectiveness of the Disaster Management Group’s decision-making ability 

relies on its ability to dispassionately review the facts upon which decisions will 

be made. 

3. How dispassionately those facts are reviewed will depend upon the 

psychological preparedness to resist political and social pressures, and the 

effectiveness of disaster management training processes. 

4. The effectiveness of training will depend upon the application of the psychology 

of education, and an understanding of how the brain receives and processes 

information. 

5. The effectiveness of decisions to evacuate is reliant on a community’s societal 

mores and its willingness to respond as hoped by decision makers. 

6. The community’s willingness to respond is dependent on its trust of the local 

authority’s ability to have prepared for the impending emergency, and of its 

planning processes generally. 

7. Confidence by the community must be gained by allowing the community to 

participate in decision making processes regarding development criteria, flood 

mitigation options and in awareness and education programs. 

8. Education and awareness programs should be developed by a team comprising 

technologists (who have hydraulic knowledge), specialists in adult education, 

and psychologists who can advise on how best to present the information for 

maximum impact. 
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9. The media should provide advice to the above teams on its broadcasting 

operations, interface with the specialist teams’ and learn their requirements 

regarding language, phonological and gestural requirements for warning 

messages. 

10. It is essential that the community is involved in floodplain management and 

participates in the selection of development criteria. 

11. Emergency managers and decision makers should provide guidance to the 

community in developing floodplain management and development planning 

criteria. 

12. Emergency managers and decision makers should provide advice on potential 

floodplain and evacuation impacts to statutory planners who deal with 

development applications on a day to day basis. 

13. Preparing and delivering flood warning messages is a complex process that is 

not well understood. Barriers to warning effectiveness include language, 

gestures, phonology, the message giver and the mode of delivery. 

14. Individuals and community groups need access to the same source of flood 

information as does the Disaster Management Group. The information 

presented will be different, but the source data has to be identical. This source 

data should be presented in a manner that the community will understand.  

15. Flood warnings delivered by electronic media must be specific and relevant to 

the target audiences. Back up information should be provided to householders 

and businesses in hard copy as part of awareness programs, be relevant and 

address specific. 

16. Where possible, flood status and backup information could be provided by way 

of an internet based decision support system. 

9.2.2 Further research requirements 

Chapter 2 examined the legislative factors that influence decision makers and their 

implications for disaster management. Given the number of tasks and the interactions 

of the various groups within the disaster management system there is a need for more 

trained people, particularly lower in the organisational structure, who need to know 
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what they can do to support those above. Research is required into the number of 

people required and how best they can be trained to fulfil their required roles. 

Chapter 3 considered community vulnerability and flood awareness. The writer is 

concerned that flooding and emergency awareness studies are undertaken by 

government who may not be sufficiently aware of the social ramifications of such 

studies and awareness programs are not targeted effectively. Accordingly: 

• Sociologic examinations of potentially affected communities are required to 

determine the levels of experience and understanding of flooding that will inform 

future engagement processes. 

• The transfer of information from government to communities has generally been 

undertaken by the engineering and emergency services fraternity and most 

likely without the benefit of advice from psychologists.  The writer believes such 

advice is needed to enhance not only community awareness programs but the 

nature of warning systems and the building of resilience.  

• Similar comments are applicable to advice from sociologists. 

Chapter 4 examined community expectations of government and emergency 

management and its willingness to engage with government.  

• What is not apparent from the literature is how best to achieve this community 

engagement and avoid some of the disrupters to the effectiveness of ‘official’ 

advice.  

• There is a need for a societal linguistic investigation on ways to enlarge the 

common understanding of flooding and its implications. 

• Further investigation is required into examination of what information the 

community believes it should be provided rather than what government thinks it 

needs.  The community submissions into the Victorian Royal Commission 

inquiry of its 2009 bushfires and the Queensland Commission of Inquiry into the 

2010-2011 floods should be examined by both disaster managers and 

psychologists to better inform communities in the future. 

Chapter 5 examined flood analysis methods, floodplain planning and the need to 

improve state floodplain policies. A major gap in government flood risk policy is the 

setting of defined flood events, particularly in a changing climate. What is required is to 

determine the cost of flooding that the community can sustain and then compare that to 
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a governance area flood probability - damage curve. This would determine 

“acceptable” flood planning probabilities and define the magnitude of the residual risk 

flood risk and suggest possible improvements to floodplain planning policies.  

Chapter 6 examined various aspects of flood behaviour and adverse flood impact and 

found that both the tangible and intangible costs of flooding must be considered in the 

development of flood mitigation schemes and land use planning criteria. The intangible 

costs of flooding are not understood and research is needed to better understand the 

adverse social impacts of flooding which would inform the development of quantifiable 

metrics that can be incorporated into triple bottom line analyses of mitigation.  The 

involvement of sociologists and psychologists is considered essential. 

Chapter 7 looked at various decision support systems and their applications. The 

heavy rainfall over the Wivenhoe Dam catchment in January 2011 discovered gaps in 

the spatial distribution of rain gauges such that the rainfall readings did not represent 

total catchment rainfall volume. This can be overcome by analysing radar imaging but 

further work is required to improve the radar reflectivity algorithm to gain greater 

resolution under extreme intensities. 

Chapter 8 saw a deviation from a typical engineering focus with an examination of 

decision making processes and their psychological aspects and the role of language 

and learning. Effective decision making is also built on knowledge of the manuals and 

guidelines published by EMA and state government authorities.  

• There is an opportunity to modify the education and warning messages by the 

inclusion of memory markers or memory ‘joggers’ in EMA manuals and 

information that is released to the public. The advancement of neurological 

imaging provides an opportunity to link neurological psychology to emergency 

management.  Research is needed to determine how this can be best effected. 

• Research is required to determine how knowledge of both psychological and 

neurological processes can lead to accelerated learning processes, improved 

concentration, avoidance of brain overload and hopefully lead to greater 

effectiveness in stressful situations. 
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9.2.3 Existing weaknesses 

The research and personal observations indicate that flood management practices in 

South East Queensland are generally at a high level. Personal observations over the 

last 20 years indicate that most local authorities in South East Queensland are aware 

of best practice requirements as codified in SCARM (2000) and Emergency 

Management Australia’s Guidelines and Manuals. 

However, the thesis has documented a number of weaknesses that need 

strengthening: 

Planning 

• development and floodplain planning criteria 

• investigations of rainfall temporal patterns in high rainfall gradient areas and 

development of ‘standard’ and ‘sensitivity’ temporal patterns 

• investigation of 19th Century and earlier floods to review current perceptions of 

rainfall and flood probabilities (“stationarity” principle) 

• research into flood damage and risks at rare and extreme flood probabilities 

• determination of impacts of flooding with respect to adverse community social 

and economic impacts 

Warning messages 

• research language and delivery styles to determine the most effective response 

to flood warning messages 

• research the use of metaphors and somatic markers to improve flood 

knowledge memory within the community 

• research learning processes for disaster management specialists 

• research efficient decision support systems 

• integrate the media when developing warning messages 

• ensure adequacy and suitability of warning infrastructure 

Cultural 

• develop flood aware communities 

• increase risk management knowledge and practice 

• increase quality assurance knowledge and practice 

• land use approvals in the context of a development’s function during an 

emergency 
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• political awareness of flood emergency requirements 

Psychological 

• engagement by communities with State and Local Government emergency 

planning agencies 

• understand stresses on decision makers 

• knowledge transfer practices to communities. 

 

9.3   APPLICATION 

9.3.1 Accelerated learning 

Decision makers who manage emergencies have a great deal to remember, from the 

requirements of EMA’s emergency management manuals and guidelines, state law, 

the policies and practices of the local authority, as well as the technical, logistic and 

human resource, sociological and psychological processes associated with 

management in stressful situations.  

This is a daunting prospect and the role is often awarded to a local authority’s 

engineering manager or operations engineer, who may not have had a ‘full measure of 

life’s experiences’ to guide decision making or provide ‘reality checks’. 

These stressful situations may only occur once in a person’s lifetime and any prior 

experience is likely to be vicarious.  

An accelerated learning process is needed with further research required to see how 

such a learning process can be developed and be applicable to emergency planning. 

Training methods should be able to be modified to develop emergency management 

‘patterns’ within the brain in younger emergency managers, in order to achieve 

accelerated learning, avoid stress, and improve confidence in both technical and 

political decision makers. 

There is a particular advantage if the cognitive expertise, experience and competency 

of the mature brain can be taught to those younger persons who still have the mental 

processing ability of the frontal cortex. This would result in a younger brain being 

trained to ‘grow wisdom’ much earlier through pattern recognition, while still having the 

processing/problem solving ability normally attributed to persons in a much older age 

group. 
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The conundrum so far is that flood specialists are usually hydraulic engineers with a 

background in hydrology and hydraulic numerical modelling. If they are fortunate they 

will also have some background in the local government development approval 

process. At the other end of the flood emergency spectrum is the specialist disaster 

manager who may not have local government development approval experience, nor 

have a background in flooding. Each needs to understand the other’s knowledge. This 

requires a coordinated approach to training. 

One question remaining is how to imprint flood emergency patterns typical of an 

experienced and mature brain into a younger person. Research indicates this can only 

be achieved by repeated exposure and/or intensive training. The repeated exposure 

implies a career path choice by the individual, who is supported in that career path by a 

flood emergency aware employer that understands the imperatives. 

Obviously, providing exposure to actual floods is difficult unless there is mobility to 

experience a series of major floods. An employment structure is needed where the 

person is allowed to observe and preferably participate by travelling from flood to flood. 

This would seem to be beyond the resources of all but the biggest local authorities but 

not beyond the resources of a state counter disaster organisation. 

If real floods can’t be observed, the other method of imprinting patterns can only be 

through a series of intensive training programs. The training options appear to be 

employer sponsored in-house courses, simulation exercises organised by local 

authorities, and high-intensity courses similar to those used to train specialist service 

personnel. At present, the only agency that offers emergency training is EMA’s 

emergency training college at Mount Macedon in Victoria, but it could be linked with the 

Royal Military College at Duntroon or with the Queensland Police Academy. 

9.3.2 Need for flood emergency specialists 

There appears to be a need for teams of flood emergency specialists around the 

country, each team being state based, having one or two people moving between flood 

prone areas. They would work with a local authority and the Bureau of Meteorology’s 

specialist hydrologists to understand local flood situations, the scope of potential flood 

disasters, trigger points, models and expertise available. The mobile specialists would 

be required to establish linkages and work with local counter disaster centres and the 

communities involved, both learning and providing training. There is no reason why 

they could not be supplemented by experienced engineers from other sources. 
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The flood specialists must be available to assist local authorities in an emergency. 

Depending on the rate of onset, seriousness and consequences, these mobile teams of 

one or two specialists could relocate to the flood site and become part of the Disaster 

Management Group. To a certain extent, this protocol existed some years ago within 

Queensland’s Emergency Services and its local area coordinators.  However, it is 

considered that their profile should be raised, and their role should be set to a higher 

level of authority.  

This implies the specialists should be competent communicators and trainers with a 

wider range of professional skills. This educational aspect could be delivered through 

universities and coordinated through Cooperative Research Centres and Emergency 

Management Australia. Certificates of competency would provide some degree of 

surety when inserting regional specialists into a local DMG. 

9.3.3 Application to Local Government 

Floodplain management practices and emergency management activities are generally 

commensurate with the level of the threat. Communities respond to well known and 

previously experienced natural hazards such as cyclones in Northern Australia, 

flooding in South East Queensland and Northern New South Wales, and bushfires in 

Victoria and Tasmania. Problems arise when the threat posed is greater than 

previously experienced. 

Despite this geo-climatic perspective, there are many local authorities in other parts of 

Australia (and the World) that are not sufficiently aware of the potential magnitude, 

severity and nature of the risks of flood hazard and damage, and sadly, may not be 

sufficiently aware of the Australian Standards for Risk Management (AS/NZS 

31000:2009) and Quality Assurance (AS/ISO 9001:2000). 

These local authorities are required to undertake a series of steps that will lead to 

better prepared and responsive communities as recommended below.  

1. Nominate a senior person to initiate an all risks (natural and anthropogenic) risk 

management study in accordance with the Australian risk management 

standard. 

2. Initiate a risk mitigation investigation for threats given higher risk ratings. 

3. Appoint a senior person to develop a counter disaster plan with sub-plans for 

each threat for evacuation, hospitality, business continuity, relief and recovery. 
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4. Involve the State’s Emergency Services department, lead and other combat 

agencies, non-government organisations in the refinement of Counter Disaster 

Plans. 

5. Establish a dedicated emergency response facility, response and logistic 

teams, standard operating procedures and protocols. 

6. Develop databases of at-risk areas, response team capabilities, hard copy 

maps (should electrical systems fail), and appropriate computer software to 

record activities, record requests for assistance (community, SES, police) and 

track response activities. 

7. Undertake frequent exercises for emergency response activities. 

8. Facilitate interaction with others who have been exposed to recent disasters to 

learn from their experiences. 

The actions outlined below are recommended, as many are appropriate for other 

disaster aetiologies. 

If flooding is a major concern: 

9. Appoint a person with a background in hydrology and/or riverine modelling as 

its Flood Warning Officer. 

10. If the appointment of a flood warning officer is beyond the resources of the local 

authority, seek the appointment of such a person with the State Emergency 

Department to undertake that role on behalf of Council. 

11. The flood warning officer should undertake the following actions: 

a. Determine whether the Bureau of Meteorology’s ALERT system has 

sufficient coverage for local authority catchments. If not, develop 

supporting evidence for the Bureau to take to the State Flood Warning 

Consultative Committee. 

b. Initiate contact with, and seek assistance from, the State’s Emergency 

Services Department. 

c. Assess catchment run-off rates and likely flood consequences for a 

range of floods. 

d. Determine appropriate flood trigger levels in conjunction with the Bureau 

of Meteorology’s Regional Office Flood Warning Centre so that there is 

common understanding of the Bureau’s flood definitions of minor, 

moderate and major flooding. 

e. Seek to improve the Bureau’s presentation of satellite, radar, tidal, 

rainfall, river and flood warning services for the local area (in conjunction 
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with other local authorities), such as indicating whether water levels are 

rising, steady or falling, by changing map icons. 

f. Develop a working relationship with the local authority’s counter disaster 

manager, providing information on the nature of flood threat, flood 

triggers and consequences to develop a joint strategy to improve flood 

knowledge. 

g. Develop flood scenarios for disaster simulation exercises. 

h. Seek personal professional development by attending professional 

courses and conferences, liaising with counterparts from neighbouring 

local authorities and interstate, and private research. 

12. Initiate a flood advisory community consultative committee to assist in 

developing a political constituency within the community, to drive flood studies 

and improve understanding of the impacts of flooding. 

13. Strengthen planning scheme criteria to guide development of floodplains, to 

establish places of refuge and seek to protect ‘lifelines’ through engagement 

with both the community and development industry. 

14. Develop community education and awareness programs for flooding, including 

critical flood levels for evacuation of each evacuation area. 

15. Prepare flood information material, circulate that within the community, linking it 

to preparedness and response requirements in the event of an imminent flood 

crisis. 

16. Seek guidance on, and develop a library of flood warnings. 

17. Develop communication and mentoring skills of members of the local Disaster 

Management Group and include disaster spokespersons. 

18. Develop relationships with the media, training their presenters in flood language 

and communication sensitivities.  

19. Seek to develop dedicated disaster websites to reduce the number of steps and 

levels within websites to obtain necessary information. 

20. Join with media to conduct on-air television training exercises for the use of 

disaster websites. 

21. In conjunction with the Flood Warning Officer, develop decision support 

systems for both the Disaster Management Group and for the community. 

22. Develop organisational cultures for quality assurance, community support and 

interaction, risk management, floodplain and emergency context-sensitive land-

use development criteria, and emergency and counter disaster activities. 
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23. Develop decision trees for evacuation warning systems perhaps with three 

levels of complexity at the  

a. informing phase (there is an impending flood and the following 

precautions should be taken …) 

b. warning phase (when it is time to prepare for evacuation …)  

c. evacuation phase (when to leave, by which route, going to which 

evacuation centre, register, …). 

24. Engage with Universities and Cooperative Research Centres (CRCs) to provide 

additional guidance, research and formal education programs building on work 

done by, and in conjunction with Emergency Management Australia. 

9.3.4 Application to State Government 

The following are recommended for consideration by State Governments: 

1. develop linkages with universities and CRCs to facilitate disaster management 

education and engagement with local authorities 

2. sponsor risk and emergency management training at tertiary level 

3. develop flood emergency specialist sections within both Departments of 

Emergency Services and Natural Resources, that will take on flood warning and 

flood support activities for local authorities that are unable to provide those 

services themselves 

4. develop competency based certification of flood emergency specialists to 

facilitate integration into different DMG. 

9.3.5 Application to Commonwealth Government 

The following are recommended for consideration by Commonwealth agencies: 

1. Emergency Management Australia 

a. develop a national decision support system for different disaster types 

(particularly bushfire, flood, storm, cyclone, heatwave, earthquake and 

pandemics) at both combat agency and community information levels 

b. host State and local authority emergency data, including provisions to 

upload maps, evacuation information, emergency triggers, contact 

personnel, linkages to local emergency management plans 

c. provide additional linkages and support to universities in their 

development of curricula for post graduate studies in risk and 

emergency management 
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d. sponsor emergency management training within universities 

e. liaise with the Royal Military College (Duntroon) or the Queensland 

Police Academy for ‘intensive’ training methods 

2. Bureau of Meteorology 

a. provide access to the national decision support system for climate, 

current meteorology information, and models and data from regional 

Flood Warning Centres as appropriate 

3. Geoscience Australia  

a. support the national decision support system with geo-hazard 

information 

4. Department of Health 

a. support the national decision support system with health warnings and 

support information 

5. Social Security 

a. support State and local governments in counter-disaster planning, relief 

and recovery operations. 
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9.4   TEN STEP PROTOCOL TO IMPROVE COUNCIL FLOOD 
MANAGEMENT AUSTRALIA WIDE 

1. Commence a flood risk management study. 

2. Appoint a Flood Warning Officer. 

3. Review the Bureau of Meteorology’s ALERT system and flood triggers. 

4. Establish a flood advisory community-based consultative committee. 

5. Develop flood-risk community education and awareness programs. 

6. Strengthen land-use planning scheme development conditions. 

7. Improve community communication methods and delivery systems. 

8. Undertake physical flood mitigation projects. 

9. Develop evacuation systems through engaging flood-prone communities. 

10. Develop a quality assurance and risk management culture. 

Although the above are included in the earlier list, these are the most important. The 

primary theme is engagement with potentially flood-affected residents. With their 

cooperation and contribution, the factors that affect decision makers and their stresses 

will be reduced, and communications through the disaster management chain will 

strengthen. 

 

 

 

We shall not cease from exploration.  

And the end of all our exploring will be to arrive where we started  

and know the place for the first time. 

Quotation from  
Little Gidding, T.S. Eliot (1888 - 1965) 
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APPENDIX A – EMA MANUAL 21 
 

Emergency Management Australia 

 

 

Flood Warning 

 

The statements in this Appendix are reproduced from the manual 
(EMA, 2009) in full as they provide a baseline of best practice in 
flood warning as required in Australia.   

Deviations from these practices are likely to be examined in 
court should an action be brought against an emergency 
management agency of local authority. 
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Chapter 1: The place and purpose of effective flood warning  

In a nutshell ... 

The purpose of flood warnings is to provide advice on impending flooding so 
people can take action to minimise its impacts. This will involve some people 
taking individual actions on their own behalf and others taking action as part of 
agency functions. 

Flood warnings are effective if they persuade people to take action to lessen the 
impact of a flood and help agencies carry out their roles during flood events. 

 

Chapter 2:   The total flood warning system 

In a nutshell ... 

The components of a total flood warning system are: 

• monitoring of rainfall and river flows that may lead to flooding, 

• prediction of flood severity and time of onset of particular levels of 
flooding, 

• interpretation of the prediction to determine flood impacts on the 
community, 

• construction of warning messages describing what is happening, the 
expected impact and what action should be taken, 

• dissemination of warning messages, 

• response to the warnings by the agencies involved and the 
community, and 

• review of the warning system after flood events. 

 

The critical issues in developing and maintaining such a system are: 

• it must recognise and satisfy the warning needs of the flood-liable 
community by ensuring the community is involved in system design 
and development; 

• it must incorporate all relevant organisations and be integrated with 
floodplain and emergency management arrangements; 

• it must be capable of operating for both ‘routine’ and severe flood 
events; 

• it must be capable of operating for both ‘routine’ and severe flood 
events, and 

• each agency involved in the system must accept ownership of it and 
work cooperatively with other agencies to improve its operation. 
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Chapter 3:  Flood Prediction 

In a nutshell ... 

Flood predictions are estimations of the height of water in a river at a specific 
place at some future specified time. They may be expressed for a location 
(usually a gauge) as: 

• a precise value—eg 12.3 metres, 

• a range—eg between 12.0 and 12.5 metres, 

• being above a particular critical value—eg greater than 12.0 metres, 

• being ‘near’ (approaching) a specified value, or 

• a class of flooding (minor, moderate or major). 

Predictions are made by monitoring weather, river and catchment conditions that 
can lead to flooding, by measuring rainfall within the catchment and river levels at 
important locations, and by using mathematical techniques and models to predict 
future river levels. The critical issues are: 

• to understand where predictions are needed and why, 

• to ensure predictions address the requirements of those at risk, 

• to appreciate that it is not usually possible to be certain about a 
prediction, 

• to maintain good communication between prediction agency, 
response agency and community about prediction accuracy and flood 
impacts, 

• to have clear protocols relating to issuing, receipt and use of 
predictions, 

• reduce the likelihood that particular groups within a community will 
compete with the official prediction agency, and  

• to take special care in describing predictions of extreme events. 

•  
Chapter 4:  Interpreting Flood Predictions 

In a nutshell ... 

• Predictions of flood heights are most useful when they are accompanied 
by appreciations of the spread of the water in areas around the gauge. 
This requires knowledge about where the water will go and what it will 
affect at the forecast heights. 

• Predictions are best interpreted by a response agency at the local level. 
This is the level at which the likely impacts of flooding at different 
heights can most easily be understood, since it is there that necessary 
information exists or can be generated. 

• Information needs to be collected on the effects of flooding at different 
heights so that the levels at which water encroaches on particular areas 
(for example, farmlands, residential properties and business premises) 
can be identified. 



 
 
 
 

 Page 271 

Thesis: Floodplain management Appendix A 

• A comprehensive understanding of the likely impacts at predicted flood 
heights is vital to formulating effective warning messages targeted at the 
flood-prone community. 

 

Chapter 5:  Designing Warning Messages 

In a nutshell ... 

A warning message provides advice on what a flood prediction will mean to the 
target audience, and what they should do. 

Warning messages are the critical link in communicating information on 
expected flooding. They provide the signal for those at risk to take action before 
the flood arrives or reaches particular levels. 

Message construction should be based on the needs of those at risk and should 
be in language familiar to those expected to take action. The critical issues are: 

• ensuring messages are forward-looking and provide helpful 
information and advice 

• persuading those at risk they should respond and within an 
appropriate timeframe, and 

• ensuring messages include the predicted severity (height) of the 
flood, describe its likely consequences and indicate the actions 
people should take. 

 

Chapter 6:  Communicating Flood Warnings 

In a nutshell ... 

Those at risk from flooding will be unable to take appropriate protective 
action unless they are advised about coming floods and the impacts that 
are likely to affect them, and are encouraged to take actions in response 
and in appropriate time frames. 

Message dissemination involves transferring warning information to those 
at risk in ways that are likely to elicit appropriate responses. 

• Warning messages should be communicated by: 

• a wide variety of modes, ranging from radio announcements to 
doorknocking and from 

• newspapers to personal telephone calls and emails, with more 
modes being utilised in severe 

• floods than in lesser ones, 

• selecting modes which are appropriate to the nature of the flood 
problem and the community 

• at risk, and 

• • adopting and changing delivery modes as technology develops. 
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The critical issues are: 

• • identifying the appropriate communication dissemination modes 
for different target audiences, 

• ensuring the consistency of the message is maintained when 
different dissemination modes are used to create redundancy, and 

• ensuring those at risk receive and can confirm the warning. 
 

Chapter 7:  System Review and Improvement 

In a nutshell ... 

System review involves critical examination of some or all aspects of the flood 
warning system, with the aim of improving performance. 

System review is needed to: 

• maintain warning system performance and reliability, 

• ensure the lessons from operational experience are not lost, and 

• ensure account is taken of changing conditions in the catchment 
and the river, in the communication and other technologies available 
and in the communities at risk. 

Reviews range from informal exchanges through to formal public meetings. The 
people at risk are important stakeholders in the warning system who should be 
encouraged to meet and discuss system performance and ways of improving it. 

The critical issues are to ensure: 

• reviews move beyond ritualistic ‘back-patting’ or blame-shifting 
exercises, 

• organisations involved in the flood warning system are able to 
discuss criticisms and problems in a constructive manner, 

• recommendations are acted on, and 

• reviews contribute to the improvement of the system. 
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A NEW SYSTEMS APPROACH TO FLOOD MANAGEMENT 
IN THE YANGTZE RIVER, CHINA 

 

 

Betts, H.W., Markar, S., Clark, S., (2008), “ A New Systems Approach to Flood 
Management in the Yangtze River, China”, Ch. 34 in Practical Hydroinformatics, 
Water Science and Technology Library 68, R.J Abrahart et al (eds.), © Springer-
Verlag Berlin Heidelberg 2008. 

 

 

Abstract 

The Yangtze River Flood Control and Management Project (YRFCMP) was established 

following an approach by the Government of the Peoples Republic of China to the 

Australian Government in 1998 seeking assistance to improve its flood management 

systems for the Yangtze River.  The project was approved and commenced under the 

auspices of the Australian Agency for International Development (AusAID) through the 

Australian Managing Contractor (AMC- SAGRIC International Pty Ltd) and the 

Changjiang (Yangtze) Water Resources Commission (CWRC). 

To achieve the project objectives of increasing the accuracy of flood forecasts, 

extending flood warning time, and improving the flood management decision making, 

the project developed a series of integrated hierarchical ‘intelligent’ systems.  These 

included data acquisition, data transfer and management, flood forecasting, numerical 

modelling, hydro-metrological, flood management information and options analysis 

systems.   These ‘intelligent’ systems are encapsulated into an overall decision support 

system (DSS), and accessed through a web-based visual display system.  The DSS 

integrates with other Chinese complementary data and information systems and 

CWRC’s daily operations and flood management system. 

 

Key words: Yangtze River, flood management, integrated hydro-informatic systems, 

flood forecasting, options analysis, decision support system 
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1 Introduction 

China has experienced massive floods in the Yangtze Basin for centuries and is a 

serious source of concern for the Chinese authorities.  The United Nations estimated 

over 3000 people lost their lives in the disastrous 1998 floods when some 15 million 

people were rendered homeless, 5 million houses were destroyed, 22 million hectares 

were inundated and 1.8 million hectares of crops totally destroyed. The total damage 

bill was estimated to exceed $US 20 billion (UNESCAP)  Following these floods the 

Chinese Government sought Australia’s assistance to identify potential methods to 

improve its flood management capability in the upper and middle reaches of the 

Yangtze basin between Chongqing above the Three Gorges Dam and thence down to 

Jiujiang as indicated in Figure 1. 

A Design Mission sent to China identified two key problems: the uncertainty in flood 

management decisions; and the less than desired accuracy and lead-time in forecast 

flood discharges and water levels (GOA & GOPRC 2000).  It was perceived that an 

“integrated and coordinated design that readily incorporates and digests real-time, 

forecast and historic flood data” was needed.  This meant the development of “an 

integrated flood forecasting system; a flood response protocol system that defined 

response activities; a flood damage estimation system that evaluated the socio-

economic costs of flood management options; a simple and effective internal 

consultation system for decision makers; and an effective visual display system at 

multiple locations that can interrogate, analyze and present underlying data to decision 

makers.”  The prime objective was to “develop an effective reliable and user-friendly 

decision support system for the upper and middle reaches of the Yangtze River.”  As 

this hydroinformatics approach was new to China it was set up as a demonstration 

project.  
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Fig. 1 Project area 

The overall project commenced development in Wuhan in March 2001 and was 

accepted as completed by the CWRC and AusAID in October 2005.  This work (Betts 

et al 2005) included the supply and installation of automatic water level and rainfall 

recorders which transmit their data by either satellite or the telephone network to 

regional Sub-Centres; the design and construction of a microwave link between 

Danjiangkou and Xianfan in the Han River catchment, supply and installation of 

computer servers, and database systems at CWRC headquarters in Wuhan and at 13 

sub-centres, supply of 20 DGPS for river gauging and a mini-computer for climate 

modelling, the development of a new Flood Forecasting System (Markar et al 2005) 

incorporating and linking a series of hydrologic and  hydraulic models (Clark et al 2004, 

2005) and a Decision Support System (DSS).   

2 Background 

The Yangtze River, or Changjiang as it is known in China, at 6,300 km long is the 

longest river in China and the third longest in the world.  The Yangtze links west and 

east China from the Tibetan Plateau to its estuary near Shanghai.  The river provides 

excellent navigation in the lower and middle reaches.  The middle and lower reaches of 
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Tributary I nflows 
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the catchment are centres for agriculture and industrial activities and contribute more 

than 40% of the annual Chinese gross national product and the region is continuing to 

expand and grow. 

Each flood season, the CWRC in conjunction with other State and Provincial agencies 

has to manage peak flows within the Yangtze main stem and ensure peak water levels 

and discharges do not exceed prescribed limits.  Decisions may have to be taken to 

change the operation of key reservoirs and when those options are no longer possible, 

perhaps divert flood peaks into any of up to 35 detention basins along the middle 

reaches of the Yangtze and some of its main tributaries.  The most important of these 

basins for flood control is the Jingjiang Basin, which covers some 920 km2 and is home 

to over 540,000 people.  Flooding some of these basins involves the evacuation of 

inhabitants and providing alternative housing for several months and incurs extensive 

flood damage to agricultural land, villages, homes and urban and rural infrastructure.  

There are significant social and financial costs associated with operating detention 

basins, especially if the basins are opened unnecessarily (Betts et al 2005).  

Conversely, if the basins are not opened during extreme flood conditions, significant 

risks exist that levees along the Yangtze could be breached at critical locations.  If a 

levee fails in an uncontrolled way, then generally more extensive social and financial 

hardship is imposed on the affected communities.  Deciding to flood any detention 

basin is a critical flood management decision.  Such decisions become increasingly 

more difficult as floodwaters approach critical levels.  Relevant decision support, based 

on forecast scenarios, is required to guide the selection and implementation of the 

most appropriate action.  

Improved understanding of the Yangtze basin river system behaviour has been 

achieved by enhancing data collection and modelling techniques to strengthen flood 

forecasting in terms of lead time and accuracy.  The project has improved the precision 

and reliability of flood flow predictions and provides earlier warnings of impending flood 

risk.  These in turn facilitate the flood control decision-making process for the selection 

and operation of reservoirs, warning and evacuation of those at risk, and the flooding of 

detention basins. 

3 Information systems overview 

The DSS developed by the project can be said to be vertically integrated in terms of 

data collection, information development and presentation.  However it can also said to 
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be horizontally integrated in terms of its functionality and absorption into the work 

practices of the CWRC’s Bureau of Hydrology (BOH) and River Management Bureau 

(RMB) as outlined in Figure 2. 

The DSS relies on both recorded information and a series of modelling outputs that use 

hydro-meteorological data and flood management data stored in two separate 

databases.  Operating within a web-based environment (using Microsoft’s Internet 

Explorer) requires different approaches depending on the complexity of the respective 

information tasks. 

 

Fig. 2 Decision Support System schematic layout 

Acronyms used in the above figure: 

• YFCH – DMCS is the Yangtze Flood Control Headquarters Decision Makers 

Consultation System  

• AMC is Australian Managing Contractor 

• RMB is the River Management Bureau of the CWRC 

• BOH is the Bureau of Hydrology of the CWRC 

• DAS is data acquisition system 

• FCISS is an existing RMB Flood Control Information Service System 
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• HMS is an existing BOH Hydro-Meteorological System 

Component systems of the DSS are: 

• HMIS is the Hydro-Meteorological Information System 

• FFS is the Flood Forecasting System 

• FMIS is the Flood Management Information System 

• OAS is the Options Analysis System 

4 System Architecture 

The overall system can be accessed by client machines through a web-server that 

interrogates tables in two databases (Sybase in UNIX environment) as shown in Figure 

3.   

 

Fig. 3 System architecture 

• The DSS website application is written using Active Server Pages (ASP) technology 

and hosted on a Windows 2003 server running Internet Information Services Version 

6; 

• The model data, utility programs and static files required by the applications are 

stored on a separate share on the same web server that serves the website; 

• The hydrological and flood control databases are Sybase Adaptive Server Enterprise 

(ASE) databases stored on dedicated HP-INIZ servers; 
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• The systems can run on any version of the Windows operating system with the 

ability to run Internet Explorer Version 5 or higher; 

• The client systems require the MIKE-11 modelling package (DHI), Microsoft.NET 

framework v1.1 and Sybase ASE OLE-DB driver configured to connect to the 

database server; 

• Users of the Flood Forecasting System (FFS) contained within the DSS can run a 

series of 120 hydrologic models in series. The modelling is undertaken on the web 

server with results being written to appropriate hydro-meteorological database 

tables.  In this system, the web-server retrieves real time records, assembles the 

boundary files and runs the models; 

• The FFS also routes the results of the hydrologic forecast modelling through three 

MIKE-11 hydraulic models using a purpose designed and constructed hydraulic 

modelling interface.  Due to the size of the models, run time and data transfer 

constraints, this interface is installed on local client machines together with the 

MIKE-11 software.  The interface retrieves hydro-meteorological data in forecasting 

mode, assembles boundary condition files, runs hydraulic models and writes 

selected time series results to the database tables. 

• The Options Analysis System also relies on hydraulic modelling but in this system is 

used to analyse the hydraulic impacts of changed reservoir operations and / or the 

deliberate flooding of one or more of 35 detention basins. 

Further information on the each of the developed systems is contained below: 

5 DSS Operational Overview 

5.1 General 

The DSS consists of four sub-components: a Hydro-Meteorological Information System 

(HMIS), a Flood Forecasting System (FFS), a Flood Management Information System 

(FMIS) and an Options Analysis System (OAS).  This paper discusses the HMIS, the 

FFS and the OAS, the key outputs of the Yangtze DSS built by YRFCMP.   

Both the FFS and the OAS are underpinned firstly by the data acquisition and 

communications systems (Betts et al, 2005), and secondly by numerical hydrologic and 

hydraulic modelling systems. More specifically, the FFS enables real time hydro-

meteorological data obtained throughout the Yangtze catchment to be utilized by a 

series of hydrologic and hydraulic numerical models to produce seven day forecasts of 
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discharges and water levels throughout the upper and middle reaches of the Yangtze 

River. On the basis of these forecasts and pre-defined warning, alert and critical levels 

at various points in the Yangtze system, the OAS enables the identification of 

potentially dangerous flooding conditions, and allows the effectiveness of various 

mitigation options available to managers to be investigated.  The first of these 

mitigation option measures to be investigated would typically be the use of reservoirs to 

attenuate flooding from upstream areas.  If these measures are not sufficient, the 

effectiveness of operating detention basins in addition to reservoir operations would be 

investigated. Once the decision has been made to actively utilise mitigation measures 

(through the OAS), the impact of such mitigation measures must be considered in 

future forecasts by the FFS. 

The use of numerical models to provide this functionality is described in more detail in 

the following sections. 

5.2 Hydro-meteorological Information System 

The HMIS can display real time, historic flood and forecast water levels, flows and 

rainfall in map, graphical or tabular form.  Users have the ability to compare current and 

historic information, create isohyetal maps, view weather links, calculate flood volumes 

between dates or above user defined flood levels or flows or critical flood levels.  

Station icons are colour coded to indicate the severity of the prevailing conditions.  A 

calendar function / date picker also indicates the severity of water levels and is used to 

identify critical periods of flooding when searching flood records.  The mapping system 

used in the DSS was especially developed to enhance download speed.  It has the 

usual mapping functionality, uses colour coded icons and pop-up boxes to display data 

from the database thereby avoiding screen clutter. 

5.3 Flood Forecasting System 

General 

The Yangtze River FFS is a web-based and fully integrated flood forecasting system, 

the heart of which is the flood forecasting models, both hydrologic and hydraulic.  The 

Flood Forecasting System is described in detail in Markar et al (2005). 

Hydrologic models are used to forecast the tributary and local inflows into the main 

stems of the Yangtze and Han Rivers, and the Dongting Lake System. Hydraulic 

models are then used to forecast discharges and flood levels along the main stems of 
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Yangtze and Han River, and the Dongting Lake System. The FFS links all the 

hydrologic and hydraulic models used to forecast discharges and water levels in 

different parts of the Yangtze catchment into an integrated single catchment wide 

system. 

To date, over 120 hydrologic models for contributing tributary catchments and 3 

hydraulic models for the Yangtze main stem and the Han River have been incorporated 

into the FFS to model the hydrologic and hydraulic behaviour of the upper and middle 

reaches of the Yangtze River. Configuration data for these models, together with real-

time hydro meteorological data and rainfall forecasts are extracted from a central 

database and converted to model input files. The models are then run and the output 

files are stored, compared, and final forecast discharges and level scenario selected 

and managed within the above fully integrated web-based FFS framework. 

Hydrologic Models 

Figure 1 provides an overview of the contributing tributary catchments for which 

hydrologic models have been constructed for the Upper and Middle reaches of the 

Yangtze River. 

From an operational perspective, the hydrologic models have been established within 

the FFS in such a way as to provide the following key operational features and 

functionality: 

• Numerous tools for checking data from manual and automatic rainfall stations, 

• Ability to vary the forecast period (7 days used as default), 

• Ability to run no forecast rainfall, adopted forecast rainfall and user forecast rainfall 

scenarios, 

• Use “hotstart” files to minimize time associated with producing forecasts, 

• Ability to rapidly run multiple hydrologic models within a forecast area for comparison 

purposes, and 

• Numerous tabular, graphical and map formats available for checking and 

comparison purposes. 
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Hydraulic Models 

Figure 4 provides an overview of the Middle Reach Hydraulic Model (MRHM).  The 

hydraulic model for the upper reach consists of a single channel extending from 

Chongqing to the Three Gorges Dam. 

 

Fig. 4 Middle Reach hydraulic model 

For real time, operational forecasting purposes, the Danish Hydraulic Institute (DHI)’s 

(http://www.dhigroup.com/Software/WaterResources.aspx) MIKE 11 hydraulic 

modelling system has been utilized..  A custom built interface has been established to 

manage the operation of the hydraulic models.  In essence, the interface is a tool that 

simplifies and automates the use of the hydraulic model in a real-time operational 

context 

From an operational perspective, the hydraulic models have been established within 

the FFS in such a way as to provide the following key operational features and 

functionality: 

• Automated boundary condition extraction of either tributary inflows or direct runoff as 

predicted by the hydrologic models, 

• Advanced tools for reviewing and modifying (if necessary) boundary conditions, both 

during the hindcast and forecast periods, 
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• Ability to accurately reproduce the large variation in water levels (in excess of 60m+) 

experienced through the Three Gorges section of the upper reach. 

• Ability to handle hydraulic structures with complex operating regimes (e.g. the Three 

Gorges Dam and the entry gates to the larger detention basins). 

• Ability to accurately reproduce the effects of the large lake systems (the Dongting 

Lakes) present within the Middle Reach. 

• Facilities to automate the execution of the hydraulic models, including all potential 

variations in hydrological scenarios (e.g. no forecast rainfall, adopted forecast rainfall 

and user forecast rainfall), for a number of different hydrologic modelling systems 

(e.g. any combination of URBS, XAJ, API models). 

• Use of “hot start” files to minimize the time associated with producing forecasts. 

• Facilities to utilise real time observational data from key gauging stations (flow and 

level observations) to “update” the hydraulic model predictions in order to minimise 

model errors. 

• Advanced, graphical results viewing facilities to enable users to check the 

simulations (including real time observations), compare the results of varying 

simulations and, once satisfied, export the adopted forecasts to the database. 

FFS Outputs 

The key output of the FFS is a set of predictions (both discharge and level) at over 70 

gauging stations throughout the upper and middle reach of the Yangtze River system.  

These predictions are written to the real time hydro-meteorological database and are 

available for subsequent use within the OAS. 

5.4 Flood Management Information System 

The Flood Management Information System is linked to the CWRC’s Flood 

Management Information Service System but also provides additional information such 

as the socio- economic impacts and information on the maximum reductions of peak 

water levels at over 40 locations within the river system whenever a particular basin is 

flooded (derived by hydraulic modelling); and a detention basins status management 

system.  A socio-economic impact assessment procedure has been developed to 

determine the expected level of flood damage and a social impact index whenever 

detention basins are flooded (Betts 2003b).  A literature review for the development of 

the Socio-Economic Impacts Assessment Procedure may be downloaded from the 
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project website www.yangtze.sagric.com.  This information is also displayed in the 

OAS when comparing flood control options.  The detention basin management system 

(‘Basin Status’ page) displays whether any basin is populated, people are evacuating, 

whether a basin has been breached or is flooding, and allows the user to amend any 

element.  Such changes are also reflected in maps of the Options Analysis System 

(OAS). 

5.5 Options Analysis System 

General 

The OAS has been developed as a tool to help decision makers assess the 

consequences of different flood management options in terms of the number of people 

to be evacuated, the cost of resulting flood damage and the associated impact on flood 

levels and discharges at key locations.  It is discussed in more detail in Betts et al 

(2005). 

More specifically, the OAS offers decision makers the following functions: 

• A flood situation appraisal that shows the areas at greatest risk, suggests respective 

flood control options and allows high level decision makers to amend those options; 

• Allows users to rapidly investigate new reservoir release strategies or modify existing 

reservoir release strategies to mitigate excess flow volumes. 

• Allows users to rapidly investigate the impact of operating detention basins if 

reservoir release strategies are insufficient. 

• Quantifies the hydraulic and socio-economic impacts associated with flooding a 

single basin or series of basins at up to 40 locations; 

• Provides a recommended strategy of basins to be flooded, the sequence of flooding 

and scheduling strategy according to existing or user defined protocols; 

• Provides the ability to reset strategies in accordance with current or forecast 

circumstances; 

• Provides the ability to modify the recommended (default) strategy or develop 

alternate strategies; 

• Once a strategy or strategies have been adopted, allows detailed investigations 

using the hydraulic model; 
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• The ability to store metadata associated with decisions and review those decisions at 

a later time. 

The same Middle Reach Hydraulic Model (MRHM) utilized within the FFS provides the 

basis for assessment of the impacts of potential mitigation strategies within the OAS. 

Reservoir Operations 

The impact of reservoir operations is incorporated within the OAS as simply a change 

in boundary condition to the MRHM.  Within the Middle Reach, there are 6 major 

boundary condition inflows (including the Three Gorges Dam) that may be modified 

through reservoir operation.   

In the first instance, the user may view boundary conditions (and implied reservoir 

operation) utilized in the forecasts produced by the FFS.  If the user wishes to 

investigate the impact of altering release strategies, the appropriate boundary condition 

is altered, the MRHM re-run and the results compared. 

The usual release strategy to be investigated would consist of allowing impoundment of 

more flood volume to attenuate hydrographs passed to the downstream reaches.  Note 

that it is also possible to investigate the consequences of pre-release strategies that 

aim to create additional storage within the reservoirs for anticipated future flooding from 

tributary catchments. 

As the consequences of altering release strategies for reservoirs are far less damaging 

than the potentially catastrophic use of detention basins, the use of release strategies 

for flood mitigation purposes will always be investigated first. 

Detention Basin Operations 

There are over 35 detention basins within the Middle Reach of the Yangtze River and 

the decisions as to which basins to operate and the timing of these operations are 

complex and vary from flood to flood.  CWRC have a set of operating “protocols” for 

these basins that have been developed through many years of experience with flooding 

in the Middle Reach of the Yangtze River.  Figure 4 provides an indication of the 

location of detention basins within the Middle Reach of the Yangtze River. 

Note that for most basins, the “operation” of a basin involves firstly the evacuation of 

the inhabitants followed by the destruction of a section of the dyke protecting the basin, 

allowing floodwaters to enter.  Once the dyke has been opened, there are no means of 



 
 
 
 

 Page 287 

Thesis: Floodplain management Appendix B 

controlling the flow until the levels within the basin equalize with those outside.  Also 

note that it can take weeks to months to drain a basin once it has been flooded, 

imposing a severe cost in terms of displacement, lost production (industry and 

agriculture) and reconstruction.  This additional storage available within the Middle 

Reach also changes the storage characteristics of the system increasing the available 

storage until the basin is once again sealed off. 

There are two basins that are not opened by simply breaching the dykes, these being 

the Jingjiang Basin and the Dujiatai Basin.  Both of these basins have large gate 

structures which enable the inflows to the basins to be controlled.  Inflow may also be 

minimised or stopped completely if conditions allow this. 

The OAS provides the functionality to investigate the impact of operating detention 

basins.  In the first instance, operation of detention basins according to the existing 

protocols are presented by the system.  The user has the ability to alter the timing of 

basin opening, and in the case of the gated basins, altering the rules of operation to a 

certain degree.  The user may also investigate the operation of other basins as 

alternatives to those suggested by the established protocols. 

These operations are undertaken in a two step process as follows: 

1. A rapid, assessment of the effectiveness of various “scenarios” is undertaken at the 

web site level; followed by, 

2. a detailed assessment of the most promising scenarios by detailed hydrodynamic 

modelling 

6 Typical System Operation 

The results of a trial operation of the system are illustrated in Figure 5.   
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Fig. 5 Hydraulic Results (water level predictions at Shashi) of the FFS and OAS for a 
hypothetical flood, trialing various reservoir and basin operation scenarios 

These results show the predicted conditions at Shashi (see Figure 4 for location) for a 

hypothetical flood emergency.  The gauge observations at Shashi are an indicator of 

the potential exposure of the Jingjiang dyke to flood damage.  If water levels at Shashi 

exceed the nominated critical level, the existing protocols indicate that the gate to the 

Jingjiang basin is operated such that excess flood volume is diverted into the basin in 

order to ensure the critical level at Shashi is not exceeded. 

Four curves are shown in Figure 5.  The first curve corresponds to the water level 

predictions at Shashi produced using the FFS.  These show that the critical level is 

predicted to be exceeded approximately 1½ days after the time of forecast.  It is then 

necessary to investigate potential mitigation options using the OAS. 

The next 3 curves correspond to 3 different mitigation scenarios or cases that the user 

investigated as follows: 

1. Reservoir Case: Using the Three Gorges Dam to restrict outflow to the Yangtze at 

a rate such that levels do not exceed the critical level at Shashi, 

2. Detention Basin Only Case: Using the Jingjiang detention basin to take excess 

flow volume, and 
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3. Combination of Reservoir and Detention Basin Case: Using the Three Gorges 

Dam as for 1) and the Jingjiang basin as for 2) in order to keep the predicted flood 

level at Shashi below critical level. 

All the different mitigation cases considered have relative benefits and disbenefits or 

costs.  Once these hydraulic results are exported to the OAS, the relative benefits and 

disbenefits may be quantified and presented in the OAS system so that decision 

makers can make an informed decision as to the best course of action. 

More specifically, assessments may be made as to, amongst other things, the 

implications of impounding water within the Three Gorges Dam to the extent implied by 

a) and c).  This may not be possible and would (in a real flood emergency) have to be 

the subject of discussions with the dam operator.  As an alternative, the use of the 

Jingjiang detention basin without any flow mitigation from the Three Gorges Dam 

implies significantly higher damages as significantly more volume has to be diverted to 

the Jingjiang detention basin.  These benefits and costs are presented within the OAS. 

Finally, once a decision is made, the adopted mitigation option details (reservoir 

release characteristics and detention basin operation details) are passed back to the 

FFS for inclusion in future forecasts. 

7 Conclusions 

In the hydro-informatics components of the Project, new systems and software were 

developed using readily available technologies and applied in a manner that achieve 

the major objectives of the Project and were done so in a manner that had never been 

attempted before. 

Real time, web-based systems have been established to firstly (through the FFS) 

improve the reliability, accuracy and lead times of forecast flood discharges and flood 

levels along the upper and middle reaches of the Yangtze River, and secondly (through 

the OAS) provide a tool to assist decision makers to maximize the effectiveness of 

available flood mitigation measures.  

It is now possible to produce 7 day flood forecasts with equal or better accuracy and 

reliability than the pre-project 3 day forecasts, and with further refinement, there is 

potential to make these forecasts even more accurate for most situations, which recur 

annually.  
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Additionally, the included decision support system (DSS) now provides a far more 

systematic and reliable means of managing floods and permits the CWRC to better 

inform all flood management and ‘at risk’ communities of pending risk, and of the best 

management actions to be implemented to mitigate socially and economically 

damaging flood impacts. 

The Project has determined that real time hydrologic and hydraulic numerical modelling 

is appropriate, accurate and can be used to test semi-controlled flow diversions into 

detention basins. 

These Hydroinformatic systems have been accepted by the CWRC and are being used 

on a daily basis through the flood season. 

There is no doubt that the developed systems are replicable to other similar river basin 

systems as the overall system design is modular and can be tuned to meet the 

particular needs of each location or river system. 

Originally intended as a flood forecasting and flood management system, the outputs 

can be used in the broader context of river basin management, orchestrating the use of 

reservoirs in concert, and applied to reconsiderations of land use for flooding, “higher” 

uses of land or the environment.  It is also possible to adapt the existing DSS platform 

into for water quality monitoring, modelling and management. 
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ABSTRACT 

A socio-economic impacts assessment procedure has been developed to determine 
the comparative impacts of deliberately flooding one or more of 40 detention basins 
within the middle reach of the Yangtze River in China.  Its development was 
undertaken as part of the Yangtze River Flood Control Management Project (YRFCMP) 
jointly sponsored by the Governments of Australia, through its aid agency (AusAID) 
and the People’s Republic of China.  A literature review was undertaken to consider the 
elements of flood damage analysis, social conditions that contribute to that damage 
and different scales of analysis.  The range of assets at risk were identified for a test 
case detention basin with known data.  Relationships were developed between known 
micro-scale data on those assets and a few key medium scale parameters that are 
common to all detention basins (such as population, total area, agricultural area, 
storage volume and control levels).  Elements of the social fabric within detention 
basins were similarly identified and each element was “weighted” subjectively to derive 
a social impact index.  All available data were then assembled into a spreadsheet to 
estimate the direct costs, monthly and total indirect costs, and a social impact index.  
The procedure developed was tested against known results for one detention basin 
                                                 
50 Office and email address now closed 
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and then was applied to each detention basin in turn.  The results have been 
transferred to a flood control structures database for later access by the YRFCMP’S 
Decision Support System. 

Keywords:  socio-economic impacts assessment procedure; flood damage; social 
impacts; detention basins; Yangtze River; 

 

1.0 INTRODUCTION 

This paper reports the development of a socio-economic impacts assessment 
procedure for the flooding of detention basins in the middle reach of the Yangtze River 
in China to determine the comparative impacts of deliberately flooding one or more of 
the 40 basins as part of a flood control strategy.  Its development was undertaken as 
part of the Yangtze River Flood Control Management Project (YRFCMP) jointly 
sponsored by the Governments of Australia, through its aid agency (AusAID) and the 
People’s Republic of China. 

A literature review was undertaken to consider the elements of flood damage, social 
conditions that contribute to that damage and different scales of analysis.  This review 
included the direct and indirect costs of flooding, with particular reference to the use of 
loss factors and value of property in China.  Following the literature review, data from a  
variety of sources was examined, compiled into a spreadsheet and a prototype 
procedure developed. 

This procedure calculates the direct and indirect costs of flooding a detention basin for 
a variety of depths and durations of flooding as well as providing a social impact index 
by which the adverse impacts of flooding basins can be compared.  Such comparisons 
are a necessary part of activities undertaken at Yangtze Flood Control Headquarters 
(YFCH) in Wuhan during dangerously high flood levels. 

 

2.0 BACKGROUND 

Flooding in China is a serious problem with annual flood damage during the 1990s 
accounting for between 1% and 4% of National GDP in individual years, an amount 10 
to 20 times that experienced in Japan and the United States (Cheng 2002).  One third 
of the cultivated land, half the population and two thirds of the assets in the floodplains 
can suffer flood damage (Wang and Xiang 2002).   

Following the 1998 flood the Chinese Government commenced several hundred flood 
mitigation projects throughout the country; and are attempting to raise development 
flood standards to 1% annual exceedance probability (AEP) for metropolitan and 
critical infrastructure, to 2% AEP for other prime development areas and to 10% AEP 
for farmlands (Zhang Y. 2002). 

Water levels in the Yangtze River and tributaries high enough to put major communities 
and infrastructure at risk can be alleviated to some extent by diverting floodwaters into 
one or more of 40 detention basins along the middle reach of the Yangtze River, or in 
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the Dongting Lakes and Poyang Lakes areas.  Decisions to divert floodwater are not 
taken lightly as the diversion basins often have their own significant populations, high 
agricultural value and other activities of economic significance.  For example at least 
350,000 people would have to be evacuated from the Jingjiang detention basin near 
Shashi and at least 120,000 from Qianliang Hu detention basin near Yueyang if these 
basins are to be flooded.  Floodwaters can remain high for several weeks (as in the 
August 2002 flood) to months (as in the June to September 1998 flood), and result in 
total loss of agricultural product within a detention basin.   

One of the components of the YRFCMP is the development of a web-based Decision 
Support System (DSS).  An integral part of the DSS is an Options Analysis System 
(OAS) which when developed, presents a series of flood control and management 
options, together with the hydraulic, economic and social consequences of enacting 
those options. 

 

3.0 PROCEDURE CAPABILITY 

Initially, a socio-economic impact procedure was developed for the 24 detention basins 
in Hunan Province.  This will be followed by a similar procedure for the remaining 16 
basins in Hubei and Jiangxi Provinces.  Both procedures will be of the same form, have 
the same capability but produce results that reflect the differing population, economic 
and agricultural characteristics of the Provinces.  It is noted that the agricultural 
production rates per unit area, distribution of crops and values of goods vary between 
Provinces and counties within Provinces.  Both procedures will do the following: 

• Estimate the quantities of individual agricultural products and assets likely to be 
found within a typical basin. 

• Calculate direct, indirect and total costs of flooding detention basins for any given 
depth and duration of flooding, including an allowance (of two months) for recovery 
time after the flood has receded. 

• Calculate average likely indirect costs per month over the duration of flooding and 
recovery. 

• Calculate social impact indices to allow comparisons between basins. 
 

It must be remembered that the purpose of the procedure is to determine the relative 
adverse impacts of flooding basins for comparison, and not provide absolute values as 
would be the case if all assets in an area could be surveyed and a census taken before 
flooding.  Provision is made to substitute actual statistics thereby permitting the 
generalised medium scale model to act as a fine scale model if sufficient data are 
available 

 

 

4.0 FLOOD DAMAGE ESTIMATION 

4.1 Scale 



 
 
 
 

 Page 295 

Thesis: Floodplain management Appendix B 

A literature review suggested damage estimation procedures could be established at 
micro, medium or macro scales.  The choice of scale to be used is heavily dependent 
on the availability of data and the scale at which data are produced.  The scale may 
vary from small cells that typically have only one land use type per cell, to medium 
scale that consider distinct geographic, social or functional units (such as detention 
basins), and to large (macro) scale comprising whole of river basin or a tributary 
catchment area.  Wang and Xiang (2002) suggest a macro loss rate could be the ratio 
of the expected damage to GDP which for China in the 1990s was an average of 
2.24%.   

Relevant conclusions from recent literature include: 

• Verberg and Chen (2002) concluded that relationships obtained at a certain scale 
of analysis may not be directly applied at other scales or in other areas.  This 
finding is important in that translation of macro or medium scale models to other 
areas must be done with care and that verification processes need to be followed to 
ensure relevance. 

• Mei (2002) suggests that the application of a flood damage estimation procedure 
developed for one or two basins as fine scale models can be appropriately applied 
to another part of the river system. 

• Zhan and Tan (2001) suggest that where unit per capita costs derived for one area 
have been applied to other areas it must be done with caution, and population 
stability should be checked from provincial and county yearbooks. 

• Wang Qing (1999) made comparisons between actual and estimated populations.  
His Table 5.33 showed that population estimates can vary by +10% with typical 
outliers being in the range +16% for a number of cities in China.  These drifts in 
population estimates are attributed to the dramatic shift in population from rural 
areas to cities, (Hunan 2002, Hubei 2002, Cheng, X. 2002). 

• Wang Qing (1999) also indicated that no useful relationships could be developed 
between population density and farm land for various counties using 1994 
statistics.   

 

On the basis of available data, the adopted procedure was developed at medium scale 
operating at detention basin level using a relatively few key parameters common to 
each basin such as: basin area, agricultural area, storage volume, gross population, 
population to be evacuated and planned flooding level.  These key parameters are 
used to generate the quantity or area of significant assets and demographic profiles 
within a particular basin.  When actual statistics are known, the generalised values can 
be replaced and the model would act as a micro scale model.  This is in apparent 
conflict with Verburg and Chen’s (2002) conclusion above.  However the verification 
data (refer Section 4.6 below) available so far, indicates this does not seem to be a 
concern. 

 

 

4.2 Elements of damage 

Flood damage means different things to different people, and can refer to replacement 
cost, repair cost or loss in value when damaged items are neither discarded nor 
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repaired, (Blong p175 within Smith and Handmer 2002).  Direct damages are those 
caused directly by a flood, not as a consequence of the flood and include actual 
damage from floodwater.  Direct damages that might arise during a flood are usually 
less than potential damages and depend on the flood awareness and warning time 
available to take mitigating actions.  They are fairly easy to calculate given accurate 
data at a detailed level.  The conditions usually considered as contributing to the 
magnitude of flood damage for household assets include rate of rise of floodwater, 
depth and duration of flooding, flood awareness and warning time.  Many of these are 
mutually dependent.   

For agriculture, losses can be assumed to be a maximum once the duration of flooding 
exceeds one to two weeks depending on the type of activity.  Although some animals 
will be able to swim to higher ground they could be lost to their owners.  It is usually 
presumed that fish in submerged fish ponds will escape.  In the Yangtze River basin 
(where up to three crops a year are sometimes possible), flooding, draining and 
recovery after a flood can take up to five months and mean the additional loss of 
another growing season.   

Indirect costs are incurred as a consequence of an event but are not due to the direct 
impact.  Costs included in this grouping are clean up, disruption to business, 
emergency response and emergency accommodation for evacuees.   

 

4.3 Estimation of Assets 

Because of their sacrificial nature, economic activity in detention basins has been 
limited to primary and limited secondary industry only by the Chinese National 
Government.  Given common types of development and human activity in all detention 
basins, it is possible to broadly estimate the number and type of assets for each basin 
as a ratio of known facts such as basin area, agricultural area and population at risk.  
For example the area under grain is assumed to be 25% of gross agricultural area, 
sugarcane 12%, vegetables 10%, cotton 40%, of agricultural area, pigs 6 per ha of 
agricultural area; 2.5 km of road and 1 km or power line per square kilometre of basin; 
1 vehicle damaged per 900 people, and 1 dwelling damaged per 6.25 people. 

Extensive and detailed GIS data was provided for Qianliang Hu detention basin as a 
test case.  This was matched by actual losses provided by Hunan Province, Year Book 
Statistics at Province and County level.  For example: 

• Lengths of road and type can be related to area from known GIS information  
• Lengths of high voltage transmission lines can be related to area; 
• The number of dwellings can be estimated from population; 
• The number and type of schools can be estimated from population and county 

statistics; 
• Known agricultural area can be split into areas by planting and crop yields from 

year book information. 
 

To summarise, if the assets at risk can be estimated from a few known parameters 
using the above ‘ratio’ method, proven for two significant basins, and all basins can be 
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considered to be similar in character, then flood damages should be able to be 
estimated for all basins with limited data.  Given that the purpose of the estimates for 
this project is to illustrate comparative impacts of flood control decisions, the adopted 
methodology is considered appropriate. 

 

4.4 Loss Rates 

Loss rates are defined to be the ratio of actual to potential losses and depend on the 
factors described in Section 4.2.  Comparisons of data on loss rates suggest that 
overseas loss rates should not be directly transposed to Chinese conditions.  Useful 
material51 on loss rates in China can be found in several recent publications: i.e. Wang 
and Xiang (2002), Chen (1999), European Research Consortium of Informatics and 
Mathematics, (www.ercim.org/ANFAS ANFAS project), and Zhan and Tan (2001). 

Agricultural loss rates adopted in the procedure, based on ANFAS data, are shown 
below and assume a duration of flooding greater than 10 days: 

 

Type Unit LOSS % at DEPTH (metres) 

  0-1 1.0-2.0 2-3m >3 

Grain ha 70 95 100 100 

Cotton ha 70 95 100 100 

Sugarcane ha 70 95 100 100 

Vegetable ha 70 95 100 100 

Orchard ha 15 20 40 60 

Edible oil ha 70 95 100 100 

Fish ha 80 100 100 100 

Farm cattle each 15 20 40 60 

Pigs each 15 20 40 60 

Poultry each 15 20 40 60 

 

There is some overseas evidence that indirect damages are proportional to direct 
damages and the size of the disaster, (National Research Council, 1999, p. 35).  It was 
concluded by BTE (2001 p73) that for recent Australian floods indirect tangible losses 
were 25% to 40% of the direct damages.  BTRE (2002) confirm these rates and state 
that estimates of indirect damages can be set as a proportion of the direct damages.  
                                                 
51 Space limitations prevent publication of loss rate tables but these may be found in the referenced 
material. 
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Zhan and Tan (2001) also refer to indirect losses and include in that category flood 
control cost, consequent losses in other areas, decreased incomes and the additional 
costs during the rebuilding period.  They assessed indirect losses as: 

• Farming  28% of direct losses based on work done for the Three Gorges 
Project; 

• Infrastructure 30% to 50% of direct losses; and 
• Industrial and commercial 30% of direct losses. 

 

These rates were used as the basis for indirect losses in the procedure, except that 
reductions were made for infrastructure costs: percentages were reduced in 
accordance with known indirect infrastructure costs; and farming which was reduced by 
known indirect costs of food and medical attention.  The latter are available within the 
1996 Qianliang Hu damage statistics provided by Hunan Province.  The costs of 
emergency response activities have not been found.  It is noted that the Peoples 
Liberation Army (PLA) and Chinese Red Cross play a fundamental role and information 
on typical expenses were not sought.  They have not been included in this project. 

4.5 Unit Costs 

Unit costs of flooding were derived from the 1996 damage statistics of Qianliang Hu 
detention basin and the Provincial Statistical Yearbooks (Hunan 2002 and Hubei 2002).  
The latter also provide annual cost indices, total quantities of production by County and 
value of that production.    

Resulting flood damage estimates are calculated as: 

Damage = ∑ Quantity, (s4.2) (= Basin area (agricultural or total) x ‘ratio’ (s4.3))  

x loss rate (for each depth of flooding (s4.4))  

x unit cost. 

4.6 Results 

Medium and micro scale data for the portions of Qianliang Hu detention basins that 
were flooded in 1996 was applied to the procedure with the following results: 

 Direct damage 
RMB 

Indirect damage 
RMB 

Total damage 
RMB 

Difference

Actual damage reported by 
Province 1,112,740,000 

 
384,612,000 

 
1,497,369,000 

 

Procedure at micro scale 1,044,941,000 417,404,000 1,462,345,000 -2.3% 
Procedure at medium scale 948,896,000 391,792,000 1,340,688,000 -10.5% 

 

This tendency to underestimate needs to be compared with results of known data from 
other basins.  The test case basin appears to specialise in cotton and animal products 
at production levels above those at County or Provincial level and adjustments had to 
be made to allow for this specialisation. 
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5.0 SOCIAL IMPACT 

5.1 Available information 

The literature review found that very little is quantified on the social impacts of flooding 
which are often said (in Australia) to have an effect equivalent to 50% to 100% of the 
direct financial costs of a flood.  Such costs relate to ongoing medical expenses and 
disruptions to future productivity resulting from injury or psychosomatic illness, loss of 
documents, disruption to social structure, fear of heavy rain, and fatalities.  Factors 
affecting the total impact would probably include the number of people flooded; the 
number of people who lost a family member or member of a team; the position or 
status of the person and their circle of influence; the number of homes destroyed or 
substantially damaged; jobs lost and disruptions to productivity; education; impact on 
flood flighting personnel and those caring for evacuees, and destruction of wealth.  
Most of these are difficult to quantify (DOE UK 2000). 

Following the Red River (Manitoba, Canada) flood in 1997, a strategic research 
workshop held to investigate the social impacts of flooding (Grant 1997) found that 
more knowledge of impacts was needed to quantify these aspects.  Additional 
knowledge sought included effects on future welfare and care of the elderly, (and in 
China the consequent impacts on other members of the family); economic impacts on 
families and businesses; how businesses were affected (closures, bankruptcies, 
improvements); the effects of the mode of hospitality (where evacuees stayed), the 
environmental effects of flooding on peoples’ homes; and how did the flood affect 
individual communities? 

5.2 Adopted procedure 

The social impacts index procedure was developed using a similar methodology to the 
flood damage procedure.  In its simplest form, the elements of human activity were 
listed, demographic ratios developed and a subjective “social weighting” applied.  The 
scores for each basin are totalled to achieve a relative impact index and can be 
compared with other basins.  The “social weighting” is based on a subjective 
assessment of the relative importance to the community of the various age groups and 
activities that make up the social fabric of a community.  This assessment considered 
how each person might feel if they were evacuated, their homes flooded, or jobs lost 
and relative emotional security based on age.  Although highly subjective, it was 
assumed that if the methodology was applied consistently, then relative social indices 
could be compared. 
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Some of the typical weights used in the procedure are shown below: 

   Contribution to social imapct 

 Weight Rationale Workers Young School Aged 

Population 
residing: 1 Base (male and female) 1 1 1 1 

Working age 0.5  0.5    

Children,<6 0.7 More unsettled that school age  0.7   

Urban workers: 0.8 Less unsettled than rural 0.8    

Rural workers 1  1    

Aged not working 1 lose memorabilia    1 

School age 0.3 adaptable   0.3  

In the first line of above table, one point would be given to each person, an additional 
0.5 points would be allocated to a worker, on the third line 0.7 points would be awarded 
to a young child, and so on.  The weights are applied to each demographic as follows: 

Social Impact Index = ∑ Individual Demographic x Weight for the demographic, for 
example: 

A population of 53,000 would score 53,000 x 1  = 53,000. 

Working age 70% of population x 53,000 x 0.5  = 18,558, etc. 

Progressive Social Impact Index  = 71,558 

In the procedure, because of the large scores, the index is divided by 10,000 for 
convenience. 

 

6.0 FUTURE USE OF DEVELOPED PROCEDURES 

Flood damage and social indices calculated are stored in a table within the Flood 
Control Structures database that has been developed in accordance with the Chinese 
National Standard.  A routine within the OAS extracts the information and presents it to 
YFCH decision makers in easy to understand format.  Within the OAS, a number of 
flood control scenarios (including combinations of basins) can be considered and the 
gross social and fiscal costs determined.  These costs are matched by corresponding 
benefits that arise from reduced flood levels at locations of high value and extreme risk. 

 

 

7.0 CONCLUSIONS  
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A literature review showed that there is sufficient information contained in recent 
Chinese publications to develop a socio-economic impacts assessments procedure for 
Yangtze River catchment at medium scale.  This procedure can be applied to detention 
basins using a few known parameters such as basin area, agricultural area, population, 
flood storage volume and depth and duration of inundation for the purposes of 
comparing the relative impacts of flooding. 

This medium scale of application was tested using micro-scale data available for two 
major detention basins.  Adopted scale flood loss rates were obtained from recent 
publications. 

Indirect flood costs can be expressed as a percentage of the direct costs and similar 
percentages apply to both China and Australia. 

Very little information and data are available to quantify the absolute social impacts of 
flooding but sufficient information is available to develop a social impacts index 
procedure so that comparisons can be made between basins.  This methodology relies 
on the use of subjective “weights” for each parameter.  Whatever weights are chosen 
will depend on the nature of the group making the assessment.  However once chosen, 
the weights can be applied uniformly to all basins. 
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A REVIEW OF INUNDATION DAMAGE ASSESSMENT 
PROCESSES AND APPLICATIONS FOR 
INFRASTRUCTURE, PLANNING AND MITIGATION 
PROJECTS. 

 

Abstract 

 

The assessment of major infrastructure projects, flood mitigation proposals and 
floodplain developments often includes estimates of flood damage based on published 
information, or by reference to a national hazards database. There are known, and 
difficult to quantify, deficiencies in damage loss estimate processes that should be 
qualified in a changing economic and climatic environment. These require increased 
rigour and a standardization of loss assessment methods that should not only include 
point and linear infrastructure, but agricultural losses, social impacts and where 
possible the environmental implications of changes to flooding regimes. In recent times 
there have been a number of developments in this area, including the derivation and 
updating of velocity stage-damage functions, building content and structural damage 
loss relationships, as well as investigations into loss models for dam break and coastal 
inundation. This paper reviews these recent trends, and proposes a series of 
improvements to evaluation methods. 

 

Keywords: Flood damage, infrastructure, mitigation, 
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1 INTRODUCTION  

The purpose of this paper is to briefly review some aspects of flood damage estimation, 
identify shortfalls in current assessment processes, and promote further discussion and 
additional research. 
 
The context of this review is flood damage estimation in urban areas of Queensland.  
The paper does not attempt to reconcile theoretical damage estimates with damages 
recorded or assessed after a flood, or with insurance payouts following a flood. All 
three sets of numbers are likely to differ for a variety of reasons (Handmer, 2003). 
 
Queensland has different housing stock from the rest of Australia that has generally 
been built to different construction standards and codes which impact on stage-
damage criteria and the mode of structural failure of dwellings. 

2 BACKGROUND 

Queensland’s Guidance on damage assessment (QDNRM, 2002) divides flood 
damage into two basic divisions: tangible (being direct and indirect) and intangible 
costs which are outlined in Figure 1.1 below. Tangible costs are those that can be 
measured directly in monetary terms with the direct cost component being those costs 
that occur immediately and as a direct exposure to floodwater. Indirect costs are 
consequential. Intangible costs can’t be measured in monetary terms. 
 
Tangible damages are financial in nature and are assessed by determining the damage 
or loss caused by floodwater. They are subdivided into direct and indirect damages as 
set out in Figure 1: 
 
(i) direct damages are caused by the wetting of items and assessed as either 

equal to the cost of repairs and loss of value, or the replacement cost of the 
item  

(ii) indirect damages are the additional financial losses caused by a flood, such 
as the extra cost of food and accommodation, loss of wages, loss of 
production and opportunity cost to the public caused by the closure or 
limited operation of public facilities.  
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• Figure 2 Outline of Disaster Cost framework (based on BTE, 2001 p63)  

2.1 Present Damage Assessment Methods 

The following are the main authorities to which practitioners can refer when calculating 
potential flood damage in Australia. 
 

(iii) ANUFLOOD is a program originally developed by Smith and Greenway 
(1992) and contains stage-damage relationships for residential and 
commercial property. Blong (1999) developed ANUFLOOD to a further level 
of sophistication for application in NSW. 

(iv) Flood damage calculation methodologies were reviewed by Read Sturgess 
(2000) for the Victorian Government who developed the Rapid Appraisal 
Method (RAM) for floodplain management. Read Sturgess updated 
ANUFLOOD curves and incorporated those into the RAM. 

(v) This was followed by the Queensland Government publishing guidelines to 
assess tangible flood damage (QDNRM, 2002) for residential and 
commercial properties that had experienced over-floor flooding. Its 
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information was based on the earlier ANUFLOOD data, actual damage 
reports and other information gathered to classify damage by value class 
and building area. This guideline has been reprinted by Emergency 
Management Australia as its Emergency Guideline No 11 (COA, Qld, 2002). 

(vi) The NSW Department of Environment, Climate Change and Water provides 
a Residential Flood Damage and supporting calculation spreadsheet on its 
website 
www.environment.nsw.gov.au/floodplains/StandardFloodplainRiskManagem
ent.htm which is used by local authorities to justify expenditures for flood 
mitigation projects.  

(vii) The computer program waterRIDE originally developed by Patterson Britton 
& Partners (PBP, 2004) contains a module for determining residential 
property, contents and building damage as industrial and commercial 
damages.  

(viii) Residential contents flood damage continues to be based on an insurance 
loss assessor’s estimate of replacement cost based on the location and 
elevation of items within a home which the writer understands was first done 
after the Nyngan, NSW floods (Water Studies, 1990). Gold Coast City 
Council’s flood damage system took this approach (pers. comm. D. 
Wheelan52, Betts 2002, Betts & Carroll 2001, WRM 2006). 

 
The unit rates and stage-damage curves for all of the above (except the NSW 
spreadsheet) need to be updated regularly to represent current costs. Dwelling 
contents damage data should be reviewed every 10 years to reflect changing social 
property “needs”. Damage calculations should also be referenced where possible to 
the Insurance Council of Australia database, the Risk Frontiers database and 
information and reports held by Geoscience Australia and Emergency Management 
Australia. 
 
Key elements of the above methodologies and references include:  

(i) Queensland’s list of industrial stage-damage relationships per unit area by 
value class, commercial stage-damage relationships per unit area, and 
residential property damages by property, building and contents 

(ii) Victoria’s RAM and BTE providing unit damages per length of road 
(iii) Victoria’s RAM providing for agricultural and farm losses including duration 

of inundation 
(iv) Risk Frontiers’ relationships for various building uses in terms of house 

equivalents (NHRC, 1999) 
(v) BTE (2001) provides guidance on indirect damages. 

2.2 Typical exclusions 

There is no one single damage calculation system that encapsulates most of the 
significant items in one package. With the exception of linear infrastructure (taken to 

                                                 
52 D. Wheelan is an insurance loss assessor who developed the dwelling contents stage-damage curves for 
Gold Coast City Council, 2000. 
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mean damage to roads), most flood damage assessment processes ignore the 
damage to water supply and sewerage infrastructure, pump stations and major 
electrical installations. These usually are protected by levees or are built on platforms 
at or near the 100 year ARI flood level and so are usually not on flood damage 
calculation ‘radar’. However, if affected in major events, the resulting damage can be 
significant and skew what might otherwise be a relatively benign average annual 
damage (AAD) measure. 
 
The consequences of flooding a sewerage system can be a loss of service and health 
authorities may order an evacuation. Consequent absences from home could be for a 
considerable time until services are restored. Rehabilitation of waste water treatment 
plants could include restoration of the bio-mass in an activated sludge process, 
ongoing testing and rectification of specific damage (pers. comm. C. Reynolds, Sept 
2010). The cost impacts associated with silt removal from sewer systems and pump 
stations, cleaning buried water meter boxes, cleaning hydrant and valve boxes, 
replacing water meters, repairing main washouts, restoration of subsided trenches, 
clean up of sewage overflows, and replacement of sewer and stormwater manhole lids 
do not seem to be included in damage literature. Many of these are repaired after the 
main clean up and associated costs are likely to be absorbed within a local authority’s 
normal operational expenses. Councils are required to estimate their flood damages 
within a very short period after a disaster to claim subsidies and may exclude these 
items. 

3 OTHER MATTERS 

Other aspects of flood damage calculations that may not be robust are the accuracy of 
stage-damage curves, damage reduction factors, losses to council parks and gardens, 
damage to caravan parks and the calculation of potential structural damage to 
buildings. These are considered below. 

3.1 Stage-damage relationships 

The stage-damage curves for dwellings published in the Queensland flood damage 
guidelines (Qld 2002) are based on building areas that are probably no longer realistic. 
A small house is assumed to be less than 80 m2, and a large house is over 140 m2 
and/or 3+ bedrooms. Both the scale definitions and stage-damage relationships need 
to be updated. A recent Insurance Council of Australia report noted a successful 
flood/storm damage claim of $1,000,000 for a single dwelling at The Gap, Brisbane 
(Munich Re). Many of the existing stage-damage curves appear to have been 
generated from a mix of dwellings that included a small proportion that were completely 
destroyed at the time the original curves were developed. Given the addition of newer 
housing stock that is arguably build to higher construction standards (with respect to 
wind and flood vulnerabilities) further research is required. 
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3.2 Damage reduction factors 

Most flood damage estimates are directed in the first instance to calculating the 
potential direct damage where it is assumed that no actions are taken by possibly flood 
affected persons to protect their property. Damage reduction factors were developed 
by Smith et al (1994) based on his observations of major floods in NSW to reflect the 
effect of warning time and resident experience in flooding. These relationships probably 
need to be reviewed given some of the data is now over 30 years old and there are 
more high value portable electronic items in the home.  The reviewed reduction factors 
should also differentiate whether motor vehicles are included or excluded from the 
analysis. 

3.3 Council parks and gardens 

With the advent of minor-major drainage systems in the mid-1980s, many council 
reserves became stormwater surcharge paths that could be cleaned reasonably easily 
and at relatively minor cost. With reserve beautification, development of shrub gardens 
and flower beds that are either weeded often or mulched, the cost of parkland 
restoration has increased. Also the presence of mulch or source of soil could magnify 
the extent of the clean-up downstream. If inundation extends beyond five days or flow 
velocities are high, many of the plants will have to be replaced. 

3.4 Caravan parks 

Many caravan parks are located adjacent to lakes and rivers and are vulnerable to 
flooding. If there is sufficient warning time many mobile vans can be moved.  However, 
cabins are difficult to move and can float causing impact damage to other structures or 
cabins. Flood damage assessment processes must take into account buoyancy, 
minimal sliding resistance and assume a high percentage of cabins will be lost. Other 
caravan park infrastructure such as ablution facilities, kiosks and playgrounds should 
also be included in damage assessments. The proportion of mobile caravans that can 
be moved will depend on available warning time and whether long stay vans are 
surrounded by landscaping. 

3.5 Building damage 

Building damage can occur in a variety of ways including water absorption to wall 
linings, built-in cupboards and floating flooring, by the collection of silt in wall cavities, 
erosion of foundations, underfloor piers, impact damage, and to electrical systems. 
Most of these are time dependent but the duration of inundation is often not included in 
damage calculations.  

4 STRUCTURAL DAMAGE TO BUILDINGS 

A factor that is often overlooked in stage-damage calculations is the velocity of 
floodwaters that can affect the structural integrity of buildings (Dale et al 2004, 
Middelmann-Fernandes 2010). Australian design rules ignore such loadings as houses 
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and other buildings are required to be above the 100 year ARI flood level (Qld 2003, 
ABCB 2010). Much can be learned about building collapse by the forces of water from 
recent studies after the Indian Ocean tsunami and building codes that operate in the 
United States (Honolulu 2000, Jessup 2003).   
 
The forces induced by a tsunami include hydrostatic forces acting perpendicular on 
planar surfaces, buoyant forces such as analysed by Black (1975) and Dale et al 
(2004), drag forces exerted from moderate to high velocities and flows around 
structures, “surge forces generated by the impingement of the advancing water front” 
and debris impact (Palermo & Nistor, 2008). Drag coefficients on rectangular structures 
are assumed to be 2.0 by both Honolulu (2000) and FEMA (2003). With two-
dimensional modelling now widely used in Australia, velocity vectors can be saved and 
applied to future damage modelling routines. 
 
Research by Black (1975) and Dale et al 2004) has provided velocity-depth-damage 
relationships.  Black initially developed such curves for small houses in the United 
States based on house component weights resisting buoyancy and horizontal and drag 
hydraulic forces acting on the approach and sides of the building (refer red line on 
Dale’s Figure 2 below). Dale updated this analysis for a range of housing stock in Perth 
Western Australia and plotted a series of curves with depth and velocities as axes 
(Figure 2). Dwellings on the origin side of the lines were considered stable and unlikely 
to fail.  These calculations were based on the buoyant mass of building elements and 
buoyant forces on the structural components, approach velocities and lateral drag 
coefficients. Their analysis was based on some fundamental assumptions including the 
lateral hydraulic forces are perpendicular to the main axis of the building, there is no 
structural connectivity between the floor joists and the supporting perimeter wall and 
internal piers and the interior of the building contains floodwater. The first assumption is 
predicated on typical building depth-width ratios. 
 
These calculations are directed to the movement of a dwelling from its foundations. 
Whether houses are still functional or capable of restoration or would be considered as 
a total loss depends on the materials used in construction, the extent of building 
deformation, structural damage and damage to the building fabric.  The writer is aware 
of timber framed and steel roofed dwellings being restumped after being moved from 
their foundations by wind during a cyclone. 
 
Houses in Queensland have been required to provide structural connectivity between 
anchored foundations to roof cladding since approximately 1978. Following the 
aftermath of Cyclone Tracy in Darwin, housing design has been improved with the 
development of timber framing manuals (TRADAC 1981, TRADAC 1992), wind loading 
codes (AS 1170 Part 2-1989), and accompanied by Queensland’s Building Act and 
Regulations (1975 and revisions). 
 
Buildings, particularly dwellings, are not designed to withstand floods, however in the 
last 30 years they have been designed to resist wind forces. Resilience to wind loads is 
realistically the only guide available to measure resistance to flood water. Under 
Australia’s limit-state design approach there is still an inherent resilience as design 
loads are in the order of 50% (AS1720) of the ultimate strength of materials and 
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velocities, the interior depth of flood water, longitudinal drag forces and the potential for 
the progressive failure of flow resisting elements. This analysis ignores debris 
accumulation and log impact. 
 
Obviously more research is needed to determine effective stage-velocity-damage 
criteria. In the absence of such data, users have the option of adopting Dale’s curves 
(Figure 2) and applying one or two damage reduction factors (say 0.4 and 0.7) to test 
the cumulative sensitivity of building losses to total damage. 

5 SOCIAL IMPACT ASSESSMENT 

The adverse social impacts of flooding are extremely difficult and almost impossible to 
quantify given the long duration of such impacts. Indirect costs are probably the most 
insidious due to the social disruption. Social scientists define hazard as: 

some aspect of the physical environment that threatens the well-being of 
individuals and their society. (Nigg, 1996) 

 
These threats can be to social, economic and political systems as well as to the built 
environment.  Nigg also suggests a disaster occurs: 

when the built and social environments are so disrupted that the resources of 
the social system are overwhelmed and the system is unable to meet the 
demands placed on it for goods and services that are routinely expected by its 
citizens. 

 
Intangible costs are almost impossible to determine as there are no benchmarks 
against which to estimate (BTE, 2001). BTE reported on two studies within the United 
States (Stern, 1976) and cited Allee et al (1980) who, when analysing separate events 
concluded that the intangible costs were about the same as direct damages. Rumi 
(2002) includes as adverse social effects the decrease in earning ability, financial 
hardship in regaining a previous position, occupational displacement and low income 
levels. 
 
Read Sturgess (2000) suggested that one social measure was Average Annual 
Population Affected (AAPA) to be calculated in much the same manner as Average 
Annual Damage (AAD). Unfortunately this measure excludes the community 
infrastructure that contributes to society as a whole. 
 

It should be possible to develop a social impacts index using a similar methodology to 
the flood damage procedure.  In its simplest form, the elements of human activity and 
social infrastructure can be listed, demographic ratios developed and a subjective 
“social weighting” applied.  The scores for each flood magnitude could be totalled to 
achieve a relative impact index for comparison with other flood ARIs.  The “social 
weighting” is based on a subjective assessment of the relative importance to the 
community of the various age groups and activities that make up the social fabric of a 
community.  This assessment could consider how people might feel if they were 
evacuated, if their homes were flooded, or jobs lost and relative emotional security 
based on age and position in the family structure.  Although highly subjective, it could 
provide a measure that if the methodology was applied consistently, then relative social 
                                                                                                                                            
of maximum runout and of the friction coefficients μ and ξ), Federal Institute of Snow and Avalanche 
Study, Weissflubjoch, DAvos- Svizzera, Internal Report. 



 
 
 
 

 Page 312 

Thesis: Floodplain management Appendix B 

indices could be compared. A measurement system incorporating these ideas was 
developed to compare the relative disbenefits of flooding various detention basins 
along the Yangtze River, China (Betts et al, 2003). 

6 CONCLUSIONS 

The current methodologies for calculating flood damage are reasonably robust and as 
most practitioners are using similar methods and parameters, estimates of potential 
flood damage are reasonably consistent.  However estimating methods for losses of 
building contents and structural damage to buildings need to be reviewed.  Further 
research is required to assess hydraulic forces on buildings and a methodology is 
required to apply that knowledge. 
 
Without an accurate estimate of building losses above designated flood levels, further 
assessments of average annual damage and investment criteria for flood mitigation 
works will be skewed. This also adversely skews the development of floodplain 
planning criteria from a risk perspective. 
 
It should be possible to develop a method for assessing social impacts that is easily 
understood and that can be related to the tangible costs of flooding. 
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APPENDIX C – FLOODPLAIN 
EARTHWORKS 

 

 

 

Floodplain earthworks and development 

 

Earthworks and development in floodplains will inevitably change 
the dynamics of floodwater movement. In complex floodplains 
full understanding is difficult to comprehend and improved 
understanding comes with the use of physical and/or computer 
models. Decision makers not only need to be aware of 
developments that cause changes to flood behaviour, but how 
flood behaviour does change. 

Without that knowledge, decision makers are not well placed to 
influence land use and cultural changes to minimise future risks 
associated with development, or ensure that new development 
does not increase the flood emergency burden. 

Emergency planners and decision makers within the DMG also 
need to understand the language used by hydraulic engineers 
when assessing development applications. 

As hydraulic modelling software suites have their own user 
manuals and instructions on how to represent floodplains in 
models, they are not discussed in this paper.  

 

Note: 

The following Appendix is a collation of the author’s observations of the results 
of one and two dimensional hydraulic modelling of proposed floodplain 
developments and flood mitigation options, and discussions with consulting 
hydraulic engineers acting on behalf of developers. 

Many of the diagrams and equations were used by various presenters including 
the writer to explain floodplain development aspects during the activities of the 
Merrimac Carara Floodplain Advisory Committee established under the 
Queensland Local Government Act (1993) by the Gold Coast City Council. 
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C.1 Definitions 54 
Afflux An increase in water level upstream of a natural or artificial 

feature that obstructs the free flow of water (such as a bridge 

or natural constriction in a floodplain). 

Balanced cut and 
fill 

Occurs when material excavated from one location within the 

designated flood area and an equivalent amount of material is 

placed at another location within the same flood basin such 

that the total flood storage volume remains unchanged. 

Conveyance A quantitative measure of the ability of a waterway or 

floodplain to convey flow and is a function of its roughness, 

size and shape of the waterway or floodplain. 

Flood fringe Inundated land with low flow velocities not considered as 

floodway (refer Figure 1). 

Floodplain An area of land adjacent to a creek, river, estuary, lake, dam 

or artificial channel, which is subject to inundation by the 

probable maximum flood.   

Flood prone land Land that is liable to be inundated during the probable 

maximum flood. 

Flood routing A mathematical process that calculates the volume of water 

that leaves an upstream pondage area and passes 

downstream through a hydraulic control.  The rate of 

discharge through the control depends on the relationship 

(rating) between flood stage (height) and flow (cubic metres 

per second). The calculation is performed at short time steps 

through the duration of a flood and takes into account total 

flood storage volume. 

Flood storage Those parts of the floodplain that provide temporary storage 

for a significant volume of floodwaters during the passage of 

a flood.  Flood water is stored in both floodways and flood 

fringe areas. 

Flood wave  A flood wave is the rise and fall of floodwater as it progresses 

                                                 
54 These definitions have been adapted from NSW (2001) and SCARM (2000). 
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through the floodplain system. 

Floodway Those areas of the floodplain where significant discharge 

and/or storage of water occurs during floods.  The extent and 

behaviour of floodways may change with flood severity. 

Core floodways are usually taken as the width of the natural 

channel and peripheral floodways as land between the flood 

fringe and core floodway.  

 

Hydraulic control 
section 

Sometimes floodplains can be considered as a series of 

basins, each with their own hydraulic grade and separated 

from each other by a hydraulic control.  Hydraulic controls are 

usually constrictions in floodways that cause water to pond 

upstream of the constriction.  The location of the control may 

shift as flood levels change. 

Obstruction Any man made or natural projection in a floodway that may 

impede, retard or change the direction of flow of water. 

Probable maximum 
flood 

The theoretical greatest run-off from a particular catchment.   

 

 

C.2 Earthworks 

Earthworks and structures in or on flood prone land will change the hydraulic 

performance of floodplains. Caution is required when designing such works as the 

consequences of incorrect design can seriously affect landowners and residents that 

are within the vicinity of works during major and extreme flood events. Depending on 

the nature of works and the hydraulic characteristics of the river system - “vicinity” can 

mean many kilometres from the works.  

Figure C-1 depicts the locations of floodplain and floodway components. 
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Figure C-1 Floodplain components 

Altered flood storage volumes and hydraulic conveyance characteristics affect flood 

storage rating curves, floodwater release rates, the rate of rise and fall of floodwater, 

and the timing of a flood wave’s propagation down the floodplain.  These changes can 

affect evacuation routes, rescue strategies, flood risk and hazard assessments, flood 

damage and ultimately, risk to life. 

Flooding in its most basic form is about the temporary storage of excess rainfall that 

has fallen on a catchment.  Flood volume is calculated as the depth of rainfall multiplied 

by the area upon which it falls in a defined catchment less interception and infiltration.  

In tropical or sub-tropical areas, 50% to 80% of the total rainfall that falls on a 

catchment during extreme rainfall events discharges to the sea.  The rest is intercepted 

by vegetation, forms puddles, is soaked into the ground for later discharge or 

evaporates. In drier climates, where rainfall depths sufficient to cause flooding are less, 

discharge percentages and discharge rates are correspondingly smaller. 

Floodwaters spill into the floodplain and continue to rise until the inflow to the floodplain 

is less than the rate at which floodwaters can escape to the ocean.  The floodplain 

stores water when a flood is rising and releases it at a later stage.  

The storing of floodwater also delays the discharge of a flood peak from the floodplain. 

By extending the duration of the inflows to a floodplain, peak outflows and peak flood 

levels are necessarily lower than they would have been if the storage were not 

available. However care must be taken when designing flood mitigation works to avoid 

flows coinciding with discharges from other streams downstream of the floodplain.   
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Development can increase peak flood levels upstream or downstream through a variety 

of mechanisms, the most notable being: 

• the displacement effect through loss of flood storage (accumulation of pebbles 

in a bucket effect) 

• providing obstructions to flow that are measured by changes in velocity head or 

afflux 

• removing obstructions to flow, causing congestion of floodwaters downstream 

and consequent increases in flood level 

• redirecting flow that will cause eddies and consequent rises in flood levels from 

"eddy head-loss" 

• changing floodway conveyance or capacity that alters the hydraulic rating of a 

floodway section 

• reducing hydraulic roughness coefficients by the introduction of smoother 

surfaces, e.g. roads. 

C.3 Hydraulic effects 

Balanced cut and fill 

Balanced cut and fill earthworks operations on a flood affected site result in no actual 

loss of flood storage volume.  Balanced cut and fill means the volume of material 

excavated from below the designated flood level, is equal to the volume of material 

placed below the designated flood level, providing this occurs within the same flood 

basin. This is illustrated in Figure C-2 below. 

 

Figure C-2 Balanced cut and fill 

This simplistic Figure C-2 can be translated to the cross section shown in Figure C-3 

when a waterbody is created. 
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Figure C-3 Cross section involving a waterbody 

Effect on flood storage 

The belief that balanced cut and fill operations will result in no hydraulic variation is 

wrong, as the stage (height)-surface area and stage (height)-storage relationships are 

altered. 

 

Figure C-4 Storage effect 

In Figure C-4, total cross-sectional area is maintained but the stage–surface area 

relationship is changed when compared to the natural cross section.  In the above 

figure, floodwaters will rise less quickly in areas of cut but more quickly in areas of fill.  

If velocity remains constant, there must be a greater increase in flood level (afflux) than 

otherwise would have been prior to earthworks. 

 

The unsteady flow equation governing the storage of water in a flood affected area (the 

equation of continuity) is given by: 



 
 
 
 

 Page 321 

Thesis: Floodplain management Appendix C 

  As x dH  =  I  -  Q 
          dt 

where As is the surface area of the flood affected area at a certain level 

I is the total flood flow into the flood-affected area 

Q is the total discharge from the flood affected area, and 

dH/dt is the change in water level with respect to time for the flood 

affected area 

If the equation is re-written as  

  dH  =      (I  -  Q)   
          dt        As  

the effect of the balanced cut and fill operation is to reduce the surface area As at 

higher water stages.  In the second equation, a reduction in the term As will increase 

the rate of change of water level, (providing flows past the section remain constant). 

Encroachment of fill at higher levels intensifies the dynamic water level response.  

Conversely, the dynamic water level response at lower stages is attenuated because of 

the increase in the available flood storage area. 

Effect on Conveyance 

Balanced cut and fill operations affect the conveyance characteristics of the floodplain.  

In a typical balanced cut and fill operation, the waterway area is widened at low flood 

levels thereby permitting more water to pass through early in the flood.   

 

Figure C-5 Conveyance effect      Figure C-6 Velocity effect 

For floodplain earthworks to have minimal impact (or show reductions of peak flood 

levels) some or all of the following are required: 
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• increased flood conveyance at lower flood stages so that water can escape 

more efficiently early in the flood, (the earlier release provides more active flood 

storage later in the flood) 

• increased flood storage volume at lower stages of the stage storage curve 

(Figure C-5) 

• increased conveyance at higher stages because of the depth effect as shown in 

Figure C-6 where the cut and fill is located in a floodway as indicated in Figure 

C-4. 

Conveyance (K) is a mathematic expression used to denote the capacity of a floodway 

to convey water (USBR, 1987). 

  K = A x R2/3 ,   where  A is the cross sectional area,  
   n   R  is the hydraulic radius and 

      n  is Manning’s roughness value 

In Figure C-5, the post development depth (Dp) is deeper than the original depth (Do).  

The deeper the water, the greater the hydraulic radius, the greater the conveyance and 

the greater the flow.   

When earthworks are at or near a hydraulic control, the potential for increased flow at 

higher flood stages may be counteracted by roughness modifications or by the 

constriction of the original waterway width. 

Location of earthworks 

The location of earthworks may alter a floodplain’s hydraulic performance depending 

on the magnitude of the project.  Developments in flood plains should, where possible, 

be aligned to the direction of flow and present as narrow an area to oncoming flow as 

possible. 
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Figure C-7 Location of earthworks 

If the earthworks are in a flood fringe area in virtually still water conditions (location A 

Figure C-7), only the stage-storage curve is affected.  Paradoxically this is difficult 

situation to deal with due to the reduction in storage volume at higher flood levels.  The 

mitigation measure is to provide a corresponding widening of the upper part of a 

peripheral floodway or flood fringe (at locations B or C) by an amount at least equal to 

the loss of storage at the flood fringe, providing the downstream hydraulic control is not 

greatly affected. 

If the earthworks are in a flood fringe area adjacent to a peripheral floodway (location 

C) and experiencing some minor longitudinal flow component, both storage and 

conveyance are affected.  To some extent their effects offset each other providing the 

downstream hydraulic control is not greatly affected. Flood storage at higher levels still 

requires mitigation as for location A. 

If the earthworks are in a floodway (Fig. C-7, location D) care is needed in the design - 

particularly if works involve the hydraulic control.  However this scenario does provide 

an opportunity to accelerate flows from the floodplain if deemed appropriate. 

Some rivers have a series of cascading basins, each with their own hydraulic grade 

and separated from each other by hydraulic control points, e.g. roads, bridges, weirs 

etc.  To minimise the impact on conveyance, it is preferable that compensated 

earthworks are located within the ponding area upstream of its hydraulic control. 

In large floodplain systems with several inflow points, balanced earthworks in an 

upstream part of the floodplain can affect the conveyance and timing of flood flows.  
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If the arrival of two inflow peaks begin to coincide downstream, peak flood levels are 

more likely to be higher than not.  Conversely, if flood storage is gained at all stages of 

a flood, then the arrival of downstream flow peaks may be separated and peak flood 

levels are more likely to be lower. 

Filling For Development 

More land can be developed and the feasibility of development projects can be 

improved if filling of flood storage areas is permitted.  Some local authorities permit 

flood storage losses, premised partly on the belief that the floodplain has sufficient 

reserve capacity to accept additional fill. 

In floodplain management, the provision of freeboard is a factor of safety.  If there are 

buildings that already experience over-floor flooding, there is no freeboard and 

therefore no factor of safety, and no reserve capacity in the floodplain to accept any 

more filling without corresponding flood mitigation works. In such cases, balancing 

earthworks or creation of additional flood storage is often considered a prerequisite to 

further development.55 

C.4 Conclusions 

Earthworks and development in floodplains can affect flooding behaviour through: 

• gross loss or gain of flood storage volume 

• changes in incremental storage at high flood levels 

• gains in flood storage volume at a level that is below the invert of the 

downstream control but still above the water table 

• changes to the stage - storage curve where encroachment into the upper parts 

of the storage prism can have measurable dynamic effects 

• changes to conveyance patterns from encroachment into peripheral floodways 

• the position of individual storage areas within floodplain may also influence the 

impact of earthworks. 

The dynamic effects of changes to conveyance patterns and the stage-storage curves 

will be determined by unsteady flow hydraulic modelling.  Changes to conveyance 

                                                 
55 The local authority will usually be able to advise whether further development is permitted in a 
floodplain and the conditions for development.  However caution must be exercised if there are property 
improvements that are below the designated flood planning level. There are common law obligations not 
to worsen the potential for flood hazard and damage (Rudd v Hornsby Shire Council, 1975, Nifsan v Gold 
Coast City Council (1997) P & E No: 54 of 1996). 
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affect the timing of floodwater arrival and departure. It is a multi-dimensional problem 

where space (flood storage) changes with time. The effects are magnified if the velocity 

of floodwaters passing the development is significant. 

If comparisons of the pre and post development stage - storage curves show: 

• no encroachment at the upper storage levels, and 

• significant gains in flood storage at lower levels, 

the comparison indicates that the shape of the development has the potential to reduce 

peak flood levels at the site and reduce the ‘flood stress’ further downstream. This will 

depend on the quantum of flow through and around the site.  The downstream effect 

may or may not be measurable depending on the increase of available storage and/or 

change in conveyance, relative to the amount of flow with respect to the total flow 

through the whole floodplain. 

The design of a cut and fill can affect the timing and rate at which floodwaters enter 

and leave a floodplain basin and change flood levels. The goal is to design a cut and fill 

operation that has no measurable impact on flood levels whilst having regard for the 

cumulative effect of development. 

Successful development design is not a question of eliminating the impact of cut and fill 

operations on water levels, but of reducing these impacts to levels that are judged to be 

acceptable, which for many river systems is no adverse effect. 

Flood levels are usually reduced by ensuring that the volume of cut exceeds the 

volume of fill.   
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APPENDIX D - HYDRAULIC 
REPORTS 

 

Local government officers may examine development application 
reports that include flood impact analyses, to ensure that 
development shall not cause, or have the cumulative potential to 
cause, real damage to premises or worsen flooding during a 
flood emergency. Where extensive areas of existing urbanisation 
are already at risk from flooding, a conservative approach is 
essential.  In such areas any increase in peak flood levels may 
cause actionable damage. 

Emergency management decision makers have an opportunity 
to influence the use of land within floodplains and advise on 
statutory planners regarding the appropriateness of development 
applications from an emergency management perspective. 

Without an understanding of what sureties and certainties can be 
provided in hydraulic reports planners and emergency 
management decision makers are not well placed to 
comprehend or identify the uncertainties. 

 

Note: 

The following Appendix is a collation of the author’s observations of hydraulic 
reports prepared to support floodplain development applications, and the 
information needs of statutory planners and emergency managers.  

Section D.4 of this report is a distillation of a report requirements document 
prepared by Gold Coast City Council staff and the writer for distribution to 
consulting engineers engaged in floodplain development, and to act as a 
checklist for staff when assessing development applications. 
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Floodplain development hydraulic reports 
 

D.1 Introduction 

Local government officers may examine development application reports that include 

flood impact analyses, to ensure that development shall not cause, or have the 

cumulative potential to cause, real damage to premises or worsen flooding during a 

flood emergency. Where extensive areas of existing urbanisation are already at risk 

from flooding, a conservative approach is essential.   

In many sensitive floodplains, the submission of a flood study report is potentially the 

most important technical document upon which a government authority can rely, to 

make a decision to disturb, or not disturb, an existing waterway or floodplain. These 

decisions can not be taken lightly, particularly when premises are thought to be at risk 

from flooding. 

D.2 Authority needs 

Flood impact assessment reports are submitted to support applications where land 

below the designated flood level is to be reshaped, works are to be constructed in or 

over waterways, or the hydraulic characteristics below the designated flood level are to 

be modified. It should be remembered that works above the designated flood level 

have the potential to worsen flooding in extreme events, which should initiate changes 

in development policies.56 

Government authorities need to be confident that a hydraulic report is accurate, 

competent and unambiguous, and is a document that can be relied upon without any 

uncertainties.  The report must state its purpose, outline the development context, state 

the scope of works within the floodplain, explain how their impacts were assessed, the 

extent and magnitude of impacts, the findings of the flood study, and flood mitigation 

strategies adopted by the developer or recommended to the authority to counteract any 

adverse impacts. 

                                                 
56 Many floodplains have residential development with only 150 mm of freeboard at the 100 year average 
recurrence interval (ARI) flood level. Should ‘standard design’ flood levels rise, then the stage-damage 
profile will change, and the macro-community risk will increase. In such circumstances a local authority 
may raise its designated ARI and/or flood levels for new development. 
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Hydraulic reports should be written so as to be understood without requiring the reader 

to consult other files or reports. They may be read by people with a diverse range of 

skills and backgrounds and should be understandable by technical and non-technical 

readers. Non-technical readers could include non-technical managers, political leaders 

and community representatives. 

Reports containing minimal information are generally considered poor reports.  Whilst 

they might be the least expensive to produce, they often do not demonstrate the rigour 

or competence of any background work. ‘Minimalist’ reports often do not discuss 

matters that might lead to more awkward questions and often lead the reader to ask 

“what does the report not say?” 

In evaluating a development proposal, a report should address: : 

• whether the development is likely to cause damage that would adversely affect 

land and/or premises to an extent likely to be actionable 

• whether the development would compromise evacuation strategies 

• whether the cumulative impact of development is likely to cause damage to an 

extent likely to be actionable 

• whether the development is likely to cause or worsen flood hazard through a 

range of floods that might exceed the design flood 

• whether the risks associated with the development are fully known, quantifiable 

and capable of being dealt with to the government's satisfaction, without any 

uncertainties 

• whether flood mitigation works, intended to reduce flood risk, hazard and 

damage, do so without adversely impacting upon other land and/or premises 

• whether the development will create any adverse environmental impacts. 

Statutory floodplain policies vary with local conditions, the development culture and a 

state’s legislative environment.  Contributing factors for local authorities include: history 

of flooding, development patterns, rate of development, intensity of community debate, 

topography and threats to the community and its assets.  

An Executive Summary is recommended that outlines (preferably in no more than one 

page) the purpose of the report, the outcomes of the study and recommendations.  
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The qualifications and limitations statement should be clear, but where the implications 

of the qualifications may not be evident to a sophisticated reader, supporting comments 

may be necessary.   

Certifications may be required for hydraulic studies and calculations of compensatory 

cut and fill from each of their respective authors. Certifications should state: 

• the purpose for which the hydraulic report or earthworks calculations were 

provided 

• details of plans/drawings of the proposed works used as the basis of the 

analysis/calculations 

• the authority’s performance objectives for each case 

• that the proposal does, or does not, comply with government requirements 

• the context in which the work was commissioned, and any limitations, 

qualifications, or reservations of the certifier 

• that the certifier is aware that the authority will be relying on this certification in 

its assessment of the proposal 

Some authorities may require the certifier to indemnify the authority from any legal 

liability arising from errors or omissions in the information or recommendations 

provided by the certifier. 

D.3 Pre-delivery review 

Before submitting a hydraulic report, the writer and reviewer should satisfy themselves 

that  

• the report make sense 

• there is logic to the proposal 

• there is nothing that the report does not say that it should (there are no 

omissions) 

• the sources of information are clear, sustainable and referenced 

• the information is collated and presented in a competent manner 

• tables, diagrams, maps or figures support important statements or conclusions 

• the development “works” from a practical flooding sense 
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• there are no adverse implications for neighbours57 during either construction or 

in the long term 

• there are no adverse flood emergency implications 

• the development enhances or worsens future flood mitigation opportunities 

• flood storage volume calculations are provided and certified 

• whether the development provide opportunities and/or synergies for others 

• that the report justifies its findings 

• the development layout proposed is consistent with an approved (or currently 

being assessed) development plan or planning scheme 

• the development meets desired hydraulic outcomes and floodplain planning 

criteria 

D.4 Report content 

Hydraulic reports and associated information should facilitate a thorough, accurate and 

quick assessment of floodplain proposals and should include:  

• a quality check page showing the report reference number, revision, author and 

date 

• a description of the context within which the report was commissioned, the 

purpose of the study and referring to a development assessment application 

(reference) number 

• a description of the data sources, calculation assumptions and methods.58  

• a locality plan and lot description 

• a catchment plan 

• hydrologic model assumptions, details and discharge calculations 

• for local flood events, estimates of a range of flood levels and flows 

• flood maps for the full range of floods considered and flood afflux maps 

• basis for selecting downstream boundary conditions 

• basis for estimating long-term Manning’s roughness coefficients 

                                                 
57 It can be argued that “no adverse implications” can mean a rise in flood levels that 
encroaches into the standard depth of ‘freeboard’. A ‘freeboard’ of 300 mm is a common 
Australian requirement (SCARM 2000) and in this context a reduction in freeboard to less than 
300 mm could be unacceptable. 
58 Where methods vary from those presented in recognised drainage manuals, land 
development guidelines or policy documents, they are to be referenced. (If the reference is 
obscure, then photocopies of the relevant sections of the source material should be included in 
an appendix). 
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• specific and detailed references to plans, existing ground levels, and proposed 

earthworks levels over the site, which formed the basis of the analysis and 

recommendations 

• backwater analysis or unsteady flow analysis descriptions 

• comparisons of pre-development and post-development flood levels upstream 

and downstream of the site 

• where balanced cut and fill is to be achieved, calculations demonstrating that 

this will be achieved by the proposed works 

• calculations demonstrating that inundation of proposed parklands will comply 

with local authority requirements and not cause undue flood risk or hazard 

• sensitivity studies 

• a plan showing all cross-section locations, relative to property title boundaries 

• cross-section and long section details relative to the authority datum or 

Australian Height Datum (AHD) 

• certifications of both the hydraulic calculations and the compensatory 

earthworks and flood storage volume calculations 

• stage-storage volume tables (or graphs) for pre- and post-development 

• input and output data files together with a descriptive listing, in electronic format 

• hard copy of all input and output data files for the 100 year ARI flood 

• curriculum vitae of the author(s) of the report, demonstrating their qualifications, 

experience and understanding, in regard to hydrology & hydraulics 

• conclusions/recommendations which: 

o define the proposed works 

o state the flood modelling results 

o state whether the proposed development: 

 will increase flood hazard or damage 

 conforms to the planning scheme requirements 

 compromise flood emergency planning and evacuation strategies 

o outline specific constraints to be applied to the future encroachments of 

the floodplain and waterways (e.g. by jetties or pontoons) 

o recommend further hydraulic/geotechnical studies, to assess the stability 

of batters and/or embankments during various stages of the flood events 

o outline a planning and/or maintenance program for the waterways and 

floodplains to ensure the hydraulic regime upon which the approval will 

be based remains constant. 
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D.5 Modelling issues 

Numerical flood models are the only realistic method of determining the impacts of 

development in complex floodplains, where there is a risk that development will affect 

the existing flooding regime. Information that will be examined to ensure the “base 

case” hydraulic model represent reality will probably include that: 

• the model covers all areas likely to be affected by the proposed works 

• justifiable downstream boundary conditions 

• satisfactory calibration against existing flood information or current flood 

wisdom 

• sensitivity tests against shorter or longer rainfall durations to assess the 

selection of the standard hydrographs 

• sensitivity tests for season variations in vegetation. 

Two types of hydraulic models are often used by local authorities: flood plain planning 

models and emergency planning models. They differ in context and boundary 

conditions and whilst are sometimes considered interchangeable, they serve different 

purposes and can give different results even with identical boundary conditions.  Ideally 

development should be tested against both model types if evacuation planning will be 

affected by the development. 

Hydraulic modellers may be asked to confirm: 

• the provenance of the model, its type and extent 

• assumptions used in modelling process that would prevent the model being 

used for testing the particular development under consideration 

• hydraulic grade lines, flows and flood levels are internally consistent and the 

peak values provided by the base model are as expected 

• calibration details 

• plans of existing and proposed works that are incorporated into the hydraulic 

calculations. 

When a sub-model is used, the modeller will have to demonstrate in the report that it is 

producing believable results. The sub-model should provide reasonable matches with 

the parent model for the: 

• upstream and downstream flow-time and stage-time hydrographs 

• hydraulic grade lines (flood profile) 
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• connected parallel flow paths 

D.6 Community welfare 

Increases in flood flow rates and flood levels or accelerated flood waves can adversely 

affect the community and its evacuation strategies and plans. Changes to afflux, flood 

damage and flood storage should comply with government and authority policies and 

planning schemes. 

Changes to existing hydraulic regimes should be noted in situations when the public 

has access to: 

• levels of key evacuation routes particularly those likely to be inundated (and the 

ARI of the inundating flood 

• levels of key infrastructure (hospitals, hospice, police, fire and ambulance 

stations, schools, evacuation centres, telephone exchanges, food warehouses, 

water and sewerage plants, and other ‘lifelines’ necessary for the maintenance 

of the community during and after a flood emergency) 

• details of hydraulic structures, cross sections, upstream and downstream flood 

levels for the standard range of floods 

• graphs of flood levels against time for parks/recreation areas and evacuation 

routes 

The hydraulic examination of a development will usually focus on whether the 

development will cause or has the cumulative potential to cause damage likely to be 

actionable.   

• The first test relates to afflux.  Afflux may be caused by the development but 

this does not necessarily translate to actionable damage.  It depends where the 

afflux occurs, the nature of the existing or potential land use and whether the 

afflux would be considered an unreasonable interference with the use and 

enjoyment of other lands. 

• The second test concerns the velocity of floodwaters.  It is possible that flood 

velocities may increase to potentially damaging rates without there necessarily 

being any afflux. 

• The third test is whether the rate of rise of floodwater will reduce the 

opportunities of neighbouring landowners to take preventative action to 

minimise the extent of possible damage.  It should be noted that it is possible 
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that peak flood levels and floodwater velocities may remain unchanged from the 

base condition. 

Flooding is an important issue and a pro-active approach is preferred that involves 

ongoing interaction between developers, their hydraulic consultants and government 

officials during the design process.  Ultimately, this will facilitate the approval process 

and allow officials to better understand and explain any impacts of the proposal. 

A clear, understandable and unequivocal hydraulic report is fundamental to the 

approval process. Should the report predict a change to the stage-flood damage 

relationship within the floodplain that impact has to be assessed. This assessment 

should include the elements shown within the green oval in Figure D-1 below. 

 

Figure D-1 Modelling flood damage 

These matters are considered below. 
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APPENDIX E -  CUMULATIVE 
DEVELOPMENT FLOOD 

MODELLING 
 

 

The preface to Appendix D is also relevant with respect to the 
adverse impacts of cumulative development. Development in 
floodplains can involve losses of flood storage and increased 
conveyance rates, and catchment run-off rates can increase. 
With the potential impacts of climate change becoming more 
apparent, it is important that both planners and emergency 
managers direct closer attention to the cumulative impacts of 
development. 

Local government officers may examine development application 
reports that include flood impact analyses, to ensure that 
development shall not cause, or have the cumulative potential to 
cause, real damage to premises or worsen flooding during a 
flood emergency. Where extensive areas of existing urbanisation 
are already at risk from flooding, a conservative approach is 
essential.  In such areas any increase in peak flood levels may 
cause actionable damage. 

Emergency management decision makers have an opportunity 
to influence the use of land within floodplains and advise on 
statutory planners regarding the appropriateness of development 
applications from an emergency management perspective. 

 

Note: 

The following Appendix is a collation of the author’s observations of hydraulic 
modelling reports prepared to support floodplain development applications, 
discussions with legal advisors, and a search of case law reports. 

The writer is indebted to the guidance received from the solicitors and barristers 
who when acting on behalf of Gold Coast City Council gave unselfishly of their 
time and advice. 
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CUMULATIVE DEVELOPMENT FLOOD 
MODELLING  

Cumulative impact flood modelling is taken to mean the hydraulic analysis of a 

development in combination with other developments (GCCC, 2007). 

 

E.1 Introduction 

Where extensive areas of urbanisation are already at risk from flooding, a conservative 

approach is essential. In such cases any increase in peak flood levels in unacceptable 

(Nifsan vs Gold Coast City Council (1997) P & E No: 54 of 1996). The cumulative 

effects of loss of flood storage in floodplains or changed hydrodynamic circumstances, 

must be considered when assessing individual development applications and 

examined for the full range of floods including lower order floods. 

Further, if changes are made to a development layout during the detailed design 

process such that the hydraulic characteristics are likely to differ from any previously 

determined characteristics, additional hydraulic testing is required. 

Governments have common law obligations not to approve development which will 

cause, or have the cumulative potential to cause, nuisance to the extent likely to be 

actionable (meaning any action taken to court likely to be successfully prosecuted). 

The section considers the following issues: 

• legal provenance of the cumulative development proposition 

• land use planning objectives 

• currency of flood studies 

• preparation of hydraulic masterplans. 

E.2 Legal position 

State and local authorities can rely on a series of court decisions that reinforce the 

common law principle of doing nothing that would adversely affect a neighbour.  They 

can also rely on development control plans, codes and guidelines that undergo a 

community consultation process, and are then ratified by a state government.  The 

processes differ for each state, but the principles are the same. Once a planning 
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scheme has been adopted it is often considered to have the same power as its 

enabling legislation. 

Two fundamental principles of common law appear to be that a person: 

i. has a right to enjoy life and the property he/she owns 

ii. shall not do anything that will create such a nuisance that will prevent another 

from enjoying their life or their property. 

A far as a local authority is concerned, it should not grant a statutory approval that 

would adversely impact on another person. 

The following principles are supported by case law: 

• the law protects the right of property, Vincent v Peacock [1973] 1 NSWLR 466 

and 469 . 

• any person who owns or occupies land can sue for private nuisance, 

Khorasandjian v Bush [1993] QB 727. 

• whomever creates the nuisance can be sued, Fennell v Robson Excavations 

Pty Ltd [1977] 2 NSWLR 486. 

However, public perceptions of flooding are usually not clear, and if a landowner 

perceives that a government statement or action has devalued property, individuals 

may try and recover that value through injurious affection provisions of State Acts.  This 

has been tested several times in Courts and the injurious affection rulings have been 

interpreted strictly59 (Edwards v Minister of Transport [1964] 2 QB 134). 

The test as to whether a government authority has exercised a reasonable standard of 

care can be found by examining the following factors: 

• the magnitude of the risk; 

• the degree of probability of occurrence; 

• financial expense of implementing alleviating measures; 

• difficulty of taking alleviating action; and 

• the constraints imposed on a council, including: 

o financial constraints, 

o size of the municipality, and 

o the nature of the municipality. 
                                                 
59 Author’s note: Decisions usually appear to fall in favour of local governments and agencies. 
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Refer: Wyong Shire Council v Shirt (1980) 146 CLR 40 at 47-48 per Mason J.; and 

Sutherland Shire Council v Heyman (1985) 157 CLR 424 per Mason J. 

It is noted that the first four dot points summarise the intent of the former Australian 

Standard: Risk Management (AS/NZS 4360:2004). 

If the effect of works constructed elsewhere is to divert flood water onto a plaintiff’s 

land, a plaintiff may be able to recover damages even if the design and construction of 

the works was not negligent; Symons Nominees Pty Ltd v Road Transport Authority of 

New South Wales (1991) Aust Torts Reports 81 – 081. 

If as part of its investigations, a local authority found that a development already 

approved in principle (such as under a previous planning Act) would aggravate 

flooding,  

… it would be contrary to the Council’s public duty for it, now being aware of the 

dangers and disadvantages … to permit a developer to create the risk of their 

occurrence.   

Planning and Environment Court, (P&E Appeal No. 2124 of 1997), Tricare 

Australia Limited v Gold Coast City Council, Reasons for Judgement, Skoien 

S.J.D.C. 

Many planning approvals in the past have been based on individual developments 

showing only minimal worsening of the adverse impacts of flooding, but many 

authorities have ignored the cumulative impacts of development in floodplains 

(‘development creep’ over time) and increased exposure to flooding. 

Local authorities have an obligation to ensure that the impacts of proposed 

development are assessed in combination with other development; Rudd v Hornsby 

Shire Council (1975) 31 LGRA 120; Carmichael v Sunderland Shire Council (1972) 25 

LGRA 435. 

In Nifsan vs Gold Coast City Council (1997) P & E No: 54 of 1996, the judge could: 

… not be persuaded that the proposed development would not adversely 

impact on flood behaviour in and near that development or elsewhere in the 

Merrimac-Carrara floodplain … 
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The judge also cited the need for ‘consideration of the cumulative effect of loss of 

storage on the floodplain’.  The judge’s findings indicated: 

• the need to be able to provide good flood information 

• the need for local authorities to have clear conditions for development on 

floodplains 

• recognition by the Court of the need to consider the cumulative impacts of 

development. 

E.3 Land use planning objectives 

The following provisions are taken from Gold Coast City Council’s Constraint Code for 

Flood Affected Areas (GCCC, 2007).  This is arguably one of the most sophisticated 

set of floodplain planning provisions in Australia and was developed following a public 

consultation program and several court cases that successfully tested some of the 

propositions that now form the basis of the Code. 

CHAPTER 8 FLOOD AFFECTED AREAS 

To ensure that, where premises within flood affected areas are to be developed, 

adequate measures are taken to: 

o ensure that the development does not cause, or have the cumulative 

potential to cause, real damage (as defined below); 

o  provide standards for development in these areas that will ensure that 

the runoff from land and/or premises does not create any adverse 

environmental impacts. 

Key objectives include: 

a) avoiding, if practicable, or otherwise lessening, the adverse impacts of 

flooding; 

b) maintaining or improving the City's counter disaster response efforts 

during a flood emergency; 

c)  equitably sharing development constraints and development potential 

within a single river catchment and its sub catchments; 
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d) equitably sharing the costs and benefits of flood mitigation infrastructure 

within a river catchment and its sub-catchments; 

e)  protecting the flood storage function of the City's flood plains; 

f)  protecting the flood discharge capacity of the City's rivers, streams and 

canals; 

g)  achieving and maintaining a best practice approach to flood plain 

management; 

h)  protecting ocean beaches and the shores and banks of estuaries, 

lakes, canals, rivers, streams and other waterbodies from erosion. 

This code seeks to manage the effects of flooding on flood prone land, where it 

relates to new and existing development, infrastructure and ecosystems, by 

requiring: 

o certified engineering hydraulic management plans or studies; 

o specific design criteria for certain types of land uses. 

All such proposals for development will be fully evaluated against the following 

criteria: 

o real damage: whether the development is likely to cause damage that 

would adversely affect land and/or premises to an extent likely to be 

actionable; 

o cumulative impact: whether the cumulative impact of development is 

likely to cause real damage; 

o flood hazard: whether the development is likely to cause or worsen flood 

hazard; 

o risks: whether the risks associated with the development are fully 

known, quantifiable and capable of being dealt with to Council's 

satisfaction, without any uncertainties; and 
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o flood mitigation: whether flood mitigation works, intended to reduce flood 

risk, hazard and damage, do so without adversely impacting upon other 

land and/or premises. 

In particular, this code applies to any site that is located within a Flood Affected 

Area, defined as follows: 

o flood prone land; or 

o premises where access would be adversely affected during a range of 

floods, up to and including the designated flood.60 

E.5 Currency of flood studies 

Development in floodplains often involves considerable earthworks that change the 

hydraulic characteristics of the floodplain.  Development in a floodplain is approved 

after a satisfactory completion of a hydraulic study that examines a number of stringent 

criteria to satisfy the duty of care requirements, to take all reasonable and practicable 

steps to ensure the development will not cause actionable damage. 

Hydraulic studies submitted by developers usually consider the development proposal 

in isolation, using the latest flood model data sets available that depict the current state 

of development in the floodplain at the time of the modelling study.  However, the 

model may not include approved development which has not commenced.  This is of 

concern particularly where the specific impact of development on other lands in the 

vicinity may differ, depending on whether or not an existing but unexercised approval is 

exercised. In such cases the development needs to be remodelled using an ‘approved 

development’ or ‘likely applications’ model. 

In order that planning certainty can be achieved, hydraulic studies need to satisfy a 

number of development and approval combinations. 

Basic Position 

Assessment of development is based upon what exists at the time that the application 

is assessed.   

Other Approvals Granted But Not Yet Exercised 

Because of cumulative impact, where other approvals exist and are not yet acted upon, 

the current application must be assessed on the assumption that these approvals will 
                                                 
60 This particular provision protects flood affected access routes. 
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be exercised.  That is, any assessment of impacts should assume that these approvals 

have actually been exercised. 

Future applications 

Subject to master planning and the equitable sharing of constraints and 

opportunities61, future applications must take care of themselves, and be subject to 

their own assessment process complying with the duty of care if and when they are 

made. 

The implications of testing all combinations of approvals not yet acted upon in a rapidly 

developing floodplain, provide an administrative and hydraulic modelling burden.  A 

local authority would need to keep a register of: 

• hydraulic investigations underway (for which each developer would need to 

advise council of its hydraulic study and provide a description of the scope of 

the study and map of the intended landform) 

• all development approvals including drawings of each approval 

• what developments have been tested, the combinations of developments tested 

and the results of such testing 

• what developments have been approved, and  

• what developments have been constructed or are being constructed. 

This information would need to be supplied to each developer’s hydraulic consultant so 

that it could be incorporated into the consultant’s modelling program. If each consulting 

engineer was required to incorporate all approved development into its own model, 

development costs would increase, and delays would occur as the veracity of each 

model was checked and the results interpreted. Depending on individual modelling 

techniques, some developments could exhibit different impacts resulting in uncertainty 

and argument. 

One satisfactory solution is to have a two-fold approach where the local authority:  

• creates its own ‘approved development’ model (with both hydrologic and 

hydraulic data sets) that is loaned to consulting engineers for specific project 

testing 

• develops a hydraulic masterplan for the key floodplains. 

                                                 
61 Refer to Chapter 7.4.4  Hydraulic Masterplans 
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E.6 Hydraulic Masterplans 

Hydraulic masterplans are usually intended to define the hydraulic parameters of a 

floodplain so that changes to it can be achieved without aggravating already serious 

flooding problems. Masterplans define the inputs to a floodplain, explain how it works, 

guide the way by which a floodplain can be modified without adversely affecting 

flooding, and where opportunities exist, how to reduce an existing flooding problem. 

Masterplans are better if they are performance based plans (rather than prescriptive) 

that define the parameters and guiding principles that will influence the location and 

type of development.  They provide flexibility to developers who are able to propose a 

range of development solutions. 

Masterplans can provide an ‘audit’ of an existing hydraulic system, and state what will 

or won’t meet the objectives set by council.  It then presents an overall strategy that 

seeks: 

• not to aggravate the existing flood problem, 

• suggests sustainable flood mitigation strategies, and  

• suggests how future changes and improvements to the system can be 

incorporated into the masterplan. 

A hydraulic masterplan identifies the location of flowpaths, flood storage and flood 

fringe areas that comprise floodplains, how they can adopt the rate of flow of water, 

average velocity, peak flood heights, and rate of rise and fall of floodwaters that are 

predicted in an adopted hydraulic model.  Hydraulic conveyance and storage 

characteristics may need to remain as close as possible to those depicted in adopted 

models during the physical development of the floodplain, in accordance with any 

structure plan and planning scheme requirement. 

Despite the fact that individual developments may be shown by flood modelling not to 

cause adverse changes to the hydraulic performance of the floodplain (‘flood neutral’), 

cumulative changes as a consequence of any works in the floodplain could be to the 

disadvantage of other properties due to conveyance changes.  As a precautionary 

measure, to ensure that such works are ‘flood neutral’ in a cumulative sense, other 

compensatory works might be needed.  

It may well be that in floodplains with known or suspected flood problems where there 

is very little that can be done within the short term to substantially reduce currently 
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predicted flood levels, a “two stage” approach can be established. Future flood 

mitigation works may lower peak flood levels, and the community may allow 

development that would otherwise increase flood levels, to contribute to the costs of 

flood mitigation to offset the adverse impact of their development.  Whether the 

“equitable sharing of constraints and opportunities” is agreed, is a political decision. 

Communities may argue that it is imprudent to assign the potential benefits of flood 

mitigation schemes to the private sector whilst a flood threat to existing properties 

continues. 

A cautionary note 

Hydrologic models simulate the effects of rainfall over a catchment and derive flood 

hydrographs that are used for inputs to hydraulic flood models.  Hydraulic models 

simulate the flow of water through river systems and floodplains.  

There are two broad uses for hydrologic and hydraulic models, flood emergency 

planning and response activities, and land use planning.  The essential differences are 

the adopted stage of development and assessment of pervious and impervious areas 

within the catchment; the actual water level in any natural or dam storages; and the 

application of current rainfall loss criteria to calibrate a flood emergency model which is 

continuously recalibrated during a flood.  In contrast, land use planning models assume 

that catchments are developed in accordance with long terms strategic plans; all 

storages are assumed as being full, and averaged or “best fit” rainfall loss criteria are 

used.  Because of these differences, a flood-forecasting model can not be used for 

development testing as peak flood flow outputs can differ by 10% or more. 

 


