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Preface 

Knowledge Support Technical Assistance 9634-REG: Strengthening 

Integrated Flood Risk Management 

This Practical Guide is a product of the ADB Knowledge Support Technical Assistance KSTA 9634-REG: 

Strengthening Integrated Flood Risk Management. This KSTA covers eight Developing Member Counties 

(DMCs) and targets: a) the generation of knowledge to enhance the implementation Integrated Flood 

Risk Management (IFRM) projects, b) evaluations of DMC flood risk management and investment 

strategies, and c) the integration of IFRM concepts into ADB investments. The Guide builds upon the 

knowledge generated through DMC country activities and IFRM Sector Assessments undertaken in each 

of the DMCs. 

The KSTA is funded by the Urban Climate Change Resilience Trust Fund. 

Purpose and structure of this guide 

This Practical Guide is intended to assist and strengthen the planning for flood risk management with a 

focus on ADB DMCs. Whether the application is for preparing a flood risk management plan or preparing 

an individual flood risk management project, the Practical Guide has been developed to strengthen 

understanding IFRM and the advantages of applying this process for delivering sustainable solutions.  

The Practical Guide is designed for use by ADB Project Officers at various stages of the project cycle to 

support better overall planning and project preparation. It is expected that DMC staff, as well as 

consultants involved in planning and project preparation would also make use of the Practical Guide as 

a resource in support of their activities. It supports this by outlining a vision for IFRM including key 

principles, providing a framework for developing plans and/or projects/programs, and detailing practical 

issues for implementation.  

The Practical Guide targets both knowledge and practical application with a chapter on understanding 

IFRM followed by chapters which examine issues at the national, river basin and urban levels. The final 

chapter walks though some of the measures available for flood risk management including Nature-Based 

Solutions (NBSs). 

The Practical Guide is accompanied by seven Technical Notes, which are referenced throughout the 

guide: 

1. Guide to IFRM Economics; 

2. Economics of Flood Forecasting and Early Warning Systems (FFEWS); 

3. Template ADB Terms of Reference (ToR) for IFRM Projects; 

4. Environment and Social Safeguard considerations in ADB Flood Risk Projects; 

5. Managing Uncertainty in IFRM using Dynamic Adaptive Pathways Planning; 

6. Gender and Social Inclusion Dimensions of Vulnerability; and, 

7. Guide to Insurance. 

  

https://www.adb.org/projects/52014-001/main
https://www.adb.org/projects/52014-001/main
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1. Introduction 

1.1. Background 

1. With increasing regularityi, flooding causes significant impacts for Asia and the Pacific. In 2017 alone, 

floods caused over 5,000 deaths across the regionii. The trends in flood-related fatalities and damages 

however follow different patterns. Fatalities have plateauediii, pointing to improvements in population 

preparedness measures such as early warning systems, whereas economic damages continue to 

increase. Analysis of disaster losses from non-geologic hazards (e.g. floods, storms, etc.) show that the 

normalized trend in disaster losses have increased at a rate similar to the growth in Gross Domestic 

Product (GDP) 1. This trend suggests that economic development occurs without sufficient regard to 

disaster risk in either the design or location of infrastructure, homes, and other assets, and that increased 

investment in disaster risk reduction is required. As such there is a need for an integrated approach to 

economic development and disaster risk management. 

2. Economic development in Asia is invariably coupled with increased urbanization and the growth of mega 

cities. The trend for rural to urban population shift increases the rate of urbanization far in excess of the 

rate of population increase. Data from 2018 shows that in Bangladesh, India, Indonesia, Myanmar, Nepal, 

Pakistan, Philippines and Viet Nam 37% of the population lives in urban areas and this is expected to 

increase to 56% by 2050, an increase of 750 million more people in urban areas2. The rapid expansion 

of densely populated areas has the combined effect of increasing the number of people and value of 

assets at risk from flooding as well as contributing to the intensity of local flooding due to changes in land 

use from pervious rural areas to impervious roofs, roads and pavements. 

3. New developments creating new disaster related problems is explicitly recognized in the Sendai 

Framework for Disaster Risk Reduction for 2015-2030, which has its primary goal to prevent new and 

reduce existing risk though the implementation of integrated measures3. So called “new risk”iv derives 

from a range of sources including sea level rise and changing rainfall intensity from climate change as 

well as watershed degradation, but based on the observed trends, urbanization remains a key source of 

“new risk” in Asiav.  

4. The process of IFRM is a framework that promotes sustainable, long-term flood resilience by combining 

a range of solutions such as, social, economic, financial, 

environmental, and institutional, as well as engineering, 

disaster preparedness, insurance, and emergency response. 

The goal is to manage the risk posed by floods, rather than 

focus on controlling the physical waters. An integrated 

approach has advantages for being robust, flexible and 

adaptable (able to cope with changing situations), as well as 

comprehensive. It targets a much greater benefit than could be 

provided by any one single solution, such as the construction 

of a flood wall. Furthermore, single-solution approaches can be 

damaging and counter-productive with respect to long-term flood risk (e.g. leading to sedimentation, de-

 
i Source: Terms of Reference 
ii EM-DAT. The International Disaster Database. https://www.emdat.be(accessed 18 July 2018). 
iii Our World in Data https://ourworldindata.org/natural-disasters (accessed 6 April 2020) 
iv The Sendai Framework (paragraph 4) states that “evidence indicates that exposure of persons and assets in all countries has 
increased faster than vulnerability5 has decreased, thus generating new risks.” 
v Srivastava, 2020. Managing Urbanization, Climate Change and Disasters in South Asia. Springer Singapore. 

 

Technical Note 5 discusses 

how to consider robustness 

and flexibility in IFRM 

solutions using Dynamic 

Adaptive Pathways Planning 

https://www.emdat.be/
https://ourworldindata.org/natural-disasters
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forestation, or habitat deteriorationvi) with problems often ‘migrating’ to other parts of the catchment hence 

benefitting only the few.  

5. In its Vision 2030, ADB prioritizes the poorest and most vulnerable countries in its mission to promote a 

prosperous, inclusive, resilient and sustainable Asia and the Pacific4. This includes commitments to 

tackling climate change and disaster resilience as well making cities more livable and strengthening the 

resilience of communities to shocks and stresses, including an emphasis on vulnerable social groups 

including women (a topic more fully explored in Technical Note 6 on Gender and Social Inclusion 

Dimensions of Vulnerability). By strengthening governance and institutional capacity ADB commits to 

support improvements in DMC service delivery, capacity and standards.  

6. This Practical Guide seeks to support the ADB and its DMCs in strengthening the application of IFRM as 

a risk framework in the management of flood hazards. By establishing a framework and approach, it is 

the objective of this Practical Guide to equip practitioners with the knowledge and tools to adapt to a 

changing environment and achieve more sustainable solutions. The accompanying Technical Notes add 

to the Practical Guide giving in-depth discussions on economics (Technical Notes 1 and 2), ADB Project 

Terms of Reference templates (3), safeguards (4), uncertainty and Dynamic Adaptive Pathways Planning 

(5), gender and social inclusion (6) and insurance (7). 

1.2. Better and more integrated flood risk management plans and 

projects  

7. In comparison with other disasters caused by natural phenomena such as earthquakes or volcanoes, 

floods are—in theory—a much more manageable disaster. Using a combination of data, modelling and 

experience it is relatively straight forward to map where floods will occur as well as their frequency-

magnitude. Furthermore, through weather forecasting, modelling and experience it is possible in most 

cases to provide some advance warning of elevated flood-levels or high coastal water levels of at least a 

few hours, and sometime up to several days. Therefore, given that floods are so knowable, why then are 

flood disasters among the most damaging and frequent? What makes the management of flood risks 

difficult and how can projects be better designed address this? 

8. The answer to this question lies in the way that floods interact with the landscape. The question of why 

is there too much water? can be turned around to ask why is there not enough space? That is, IFRM 

requires consideration of not only the physical characteristics of the flood – the flow, volume, duration 

etc. – but also the way floodwaters interact with the landform and society. Flood problems typically involve 

complex interactions between the source of the floodwater in the catchment, the pathway (the 

transmission of flow throughout the system), and the receptor (the land use in the affected area). As areas 

develop, competing interests or even just a simple lack of forethought may exacerbate existing problems 

or create new ones.  

9. Better flood risk management plans or projects require an understanding of both the technical nature of 

the flood itself as well as the way in which it interacts with land, the communities that occupy it, and future 

plans and aspirations. To understand the physical attributes of a flood requires sound analysis based on 

quantitative data, whilst interaction with a broad range of stakeholders will aid understanding land use 

and the affected communities’ exposure and vulnerability. Failure to address all dimensions of the flood, 

its cause and its consequences results in piecemeal and incomplete solutions. 

10. While recognizing the need to consider these issues, some DMCs still need technical support for 

introducing integrated approaches and international best practices in their flood risk management and 

climate change adaptation strategiesvii. However, it is fair to say that the lack of capacity on IFRM is only 

 
vi For example, see McLean, et.al., 2013. Integrating flood mitigation, sediment management and habitat enhancement on coastal rivers 
of British Columbia. River Basin Management VII 301-312. 
vii Source: Terms of Reference  
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part of the problem. Many IFRM principles are largely common sense and have been well understood for 

a long time. Practices such as watershed forest management for control of runoff, room for river to restore 

natural river flood-flow attenuation, and preservation of mangroves to improve coastal protection are likely 

to be well known by flood managers in most DMCsviii.  

11. Commonly it is governance – not necessarily technical engineering solutions – that likely present the 

most significant barrier to IFRM in DMCs. Many countries face significant governance challenges, and 

these are magnified when addressing issues that are complicated by the need for integration across 

various ‘spaces’ and ‘levels’. To operate at the scale of a river basin, IFRM requires integration at a 

spatial, sectoral, institutional and organizational level. And yet the friction generated by jurisdictional 

authority (between different levels of government, between adjacent administrative areas and between 

mandated agencies) and a predominantly silo mentality between relevant sectors (water supply, flood, 

environment, infrastructure, urban, etc.) tends to work against collaboration, coordination, and joint action 

(Box 1). Failure to integrate compromises effective IFRM and exacerbates flood risk and so IFRM project 

preparation requires significant stakeholder consultation and round-table workshops. Developing 

institutional capacity (including the quality and cohesion of related policies and regulations) and 

organizational capacity (including strengthened civil services and better financing of interventions) for 

IFRM remains an important challenge in all DMCsix. 

12. Often, and for very good reasons, there is typically resistance to change. Conventional flood risk 

management approaches and practices are well-known, practical, and considered to be well proven from 

experience. In many cases there are official standards and guidelines for conventional interventions and 

there is a general perception that maintenance costs for conventional concrete and rock interventions will 

be less than the cost of NBS. Adoption of some of the more holistic and innovative elements of IFRM, 

such as NBSx requires further promotion to improve understanding of their relative effectiveness as well 

as the opportunities for co-benefits to society and the environment. 

Box 1: Lack of integration of flood risk management in land use planning 

A linkage in planning for land use management and planning for flood risk management is essential to 

manage the exposure of public and private development to flood hazard. Consideration of flood risk in 

land use planning has been largely ineffective in the People’s Republic of China (PRC) previously. In 

general, the PRC has allowed inappropriate use of land that is a known flood hazard, particularly in 

urban development; and, it has failed to adequately regulate land use activity in zones designated as 

flood detention areas. Supervision by higher tiers of government has been lacking in this respect, 

allowing local governments to disregard the nexus between land use planning and flood risk 

management. Land development is a handy source of revenue for local governments, and local 

governments are rewarded for meeting national and provincial development targets. In the past, these 

incentives have too often overridden the need for sensible development of flood-prone land.  

Aggravated by a separation of institutional responsibilities for land use management and flood risk 

management, new flooding problems are being created by the challenges of rapid urbanization and land 

use change, greatly increasing the number of people and value of assets exposed to flood hazards on 

the floodplains. Because multiple administrative departments (e.g., water resources, land resources, 

environmental protection bureaus, etc.) are involved in the management of flood risk, better coordination 

is therefore essential in successfully applying land use planning as a flood risk management measure.  

Source: ADB (2017) ‘Strengthening Flood Risk Management Policy and Practice in the People’s 

Republic of China: Lessons learned from the 2016 Yangtze River floods’, ADB East Asia Working Paper 

Series No.11, December 2017 

 

13. A more layered IFRM process may require more time, more stakeholders, and an unaccustomed amount 

of flexibility in decision making. The benefits will be in the eventual development of a more comprehensive 

 
viii See the Sector Assessments produced by this KSTA that analyzed target DMC knowledge and status of IFRM implementation.  
ix Landell Mills, 2022. Integrated Flood Risk Management Sector Assessments.  
x The ADB’s 2016 Knowledge Product on NBS states that they use “vegetation, soils, and natural processes to manage water, 
temperature, and air quality to create healthier, resilient, and beautiful urban environments.” 

https://www.adb.org/sites/default/files/publication/215721/nature-based-solutions.pdf
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solution that seeks to minimize all forms of flood risk and maximizes potential opportunities in a cost-

effective manner. 

14. While this Practical Guide aims to support technical knowledge of IFRM it also includes discussion of 

practical issues for implementation and overcoming constraints in a framework for addressing flood risk 

management systematically and comprehensively. 

1.3. Goals for integrated flood risk management 

15. Before embarking on a program to develop a flood risk 

management plan or to design a specific flood risk management 

project, the first question to answer is what is the real purpose? 

The conventional approach often starts with the problem and 

then develops a solution. For example, the village flooded 

recently therefore we need to build something to prevent that. 

A more comprehensive IFRM approach requires that we first 

step back and look at a whole suite of issues.  

16. The first point to appreciate is that there will always be some residual risk from flooding; not all floods can 

be – or should be – eliminated. Living in the floodplain has and will always exist even after management 

measures have been implemented. Ultimately, structural measures carry residual risks from infrastructure 

failure and infrequent exceedance of design standards.  

17. Separately, to prevent flooding may in fact result in the loss of beneficial effects of flooding. In many 

areas, floodwaters bring benefit to agricultural areas by depositing fertile silts as well as flushing away 

pollutantsxi. Floodwaters can also recharge wetlands and other natural water features rejuvenating 

environmental systems and replenishing groundwater resources. 

18. In considering the goals for flood risk management, one needs to consider the complexities of the 

situation. Real world situations involve many stakeholders with different points of view that will likely lead 

to a need for tradeoffs. Flood risk management needs to be integrated with the broader vision and 

priorities of the district or region. Decisions made for flood risk management, such as the construction of 

a river levee, or the allocation of land for floodplain storage, have long-term impacts for the development 

of an area and are typically not reversable. The flood risk management plan should not be considered in 

isolation but rather it should be seen to support the broader socio-economic vision for region. Referring 

once again to the goals of the Sendai framework, disaster risk is to be managed through the 

“implementation of integrated and inclusive economic, structural, legal, social, health, cultural, 

educational, environmental, technological, political and institutional measures that prevent and reduce 

hazard, exposure and vulnerability”. 

19. The flood risk management plan should also consider the likely future situation as well as the current. 

Climate change which affects the intensity of rainfall and rising sea levels, will continue to influence future 

flood characteristics, while land use change including urbanization and infrastructure development will 

influence the areas exposed to the hazard. Integrated urban planning along with flood risk management 

planning is required to steer away from new risk in new development areas and future infrastructure 

planning may provide opportunities for improved flood risk management. For example, an urban renewal 

project that seeks to improve public space and livability should be designed to maximize flood 

management potential. Another example might be to add improvements to trunk drainage onto a major 

road project. It’s typical in most countries that funds available for major transport projects are orders of 

 
xi In Long An Province on the Mekong Delta in Vietnam, farmers lament the years when the floods are not big enough. As well as 
depositing valuable silt, annual flooding from the Mekong flushes out the acidity that builds up during the dry season from the leaching 
acid sulphate soils. There is a limit though – mid-sized floods bring benefits, but very large floods are disruptive and damaging. 

 

Technical Note 3 sets out a 

template Terms of Reference 

for developing IFRM projects 

to ADB standards 
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magnitude greater than drainage projects, therefore it makes sense for flood risk management to 

piggyback onto these major infrastructure investments. 

20. The framework proposed in this practical guide includes advice on integrating longer term visioning in the 

flood risk management process whilst avoiding maladaptation. 
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2. Understanding Integrated Flood Risk 
Management as a risk framework 

2.1. Objectives of Integrated Flood Risk Management 

21. The objective of IFRM is to promote the management of risks posed by floods across landscapes 

including existing and future development with the aim to improve flood resilience through a combination 

of 5: 

i. Minimizing economic damages and loss of life and limiting potential negative impacts to health, 

well-being and economic development; 

ii. Maximizing sustainable economic benefits of land use; and,  

iii. Improving or maintaining floodplain ecosystems dependent on flood inundation. 

22. With particular emphasis on item (ii) above, flood risk management is rarely entirely about flooding. Often 

issues of floods cannot be separated from broader issues for economic and social development as well 

as land and environmental management. For example, urban flood issues may be caused by clogging of 

the waterways, and therefore the solutions may need to be integrated with solid waste management 

issues6. Or, in a rural setting, the most effective solution may be to adjust the cropping calendar to avoid 

the flood season rather than prevent flooding with dikes. Adopting a holistic and integrated approach 

allows for a more comprehensive set of solutions and linkages to other opportunities.  

23. In this chapter we break down the elements of IFRM with a view to better understanding the process 

which then informs a recommended approach to flood risk management. 

2.2. Defining integrated 

24. Requiring flood risk management to be “integrated” deserves a clear understanding of what is meant by 

integration:  

• Basin level integration. When considering flooding, the natural geographic area to consider is 

the complete river basin.xii Integration requires consideration of all aspects of the basin: the 

upper catchment, the mid river reaches, as well as the lower estuary and coastal areas. An 

integrated solution may require a combination of runoff control (upper catchment), enhanced 

conveyance or preservation of floodplain storage (mid river) and buffer zones (coastal).  

• Stakeholders. IFRM needs to consider the needs of all stakeholders of the flood affected land, 

whether this is on the river floodplain, in an urban area, or along a coastal fringe. The scope 

includes not only the human population but also the environmental systems. A wide-ranging 

consultative approach is required to ensure that the full spectrum of views is heard, with 

attention to inclusion such as gender and particularly vulnerable groups.  

• Vertical integration. IFRM should ensure that all vertical administrative layers are adequately 

involved and encompass the complete range of issues. An understanding of the institutional 

arrangements with respect to decentralization is required to ensure consistency between this 

and the flood risk management approach. 

 
xii However, it is noted that the economics of IFRM may impact outside of the basin level. For example, the Thailand floods in 2011 led to 
the flooding of factories producing hard disk drives, leading to an impact on global supply chains and a rapid increase in costs around 
the world. Technical Note 1 covers IFRM Economics in detail. 
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• Horizontal integration. Referring to the various line ministries and agencies with involvement 

in IFRM, horizontal integration requires the coordination across many divisions of government 

such as, investment planning, flood investigation, water resources, energy, land planning, 

meteorology and forecasting, emergency response, search and rescue, labor and social 

services, economics and finance, etc. Therefore, a whole-of-government approach should be 

promoted to ensure coordination and alignment through all phases, including investigation, 

assessment, planning, response and recovery.  

• Multi-sector integration. A common pitfall of flood risk management is to implement measures 

in silos rather than looking for synergies and complementary benefits. Inter-sector coordination 

is always challenging as entrenched management systems, lines of authority, and 

accountability will favor a singular approach. If achieved though, multi-sector programs offer 

considerable advantages for integrated solutions for diverse sectors such as flooding, disaster 

risk management in general, water resource management, agriculture, energy, transport and 

local level development.  

• Temporal integration. Referring to a need to consider both the existing risk (including residual 

risk) as well as the potential for new (or future) risk, integration must ensure balance over a 

long-term time horizon. Just as development, including the increased pace of urbanization, will 

create increased flood risk through increasing exposure; so too will climate change increase 

risk through increased hazard.  

25. These dimensions of integration condense to a central theme: the alignment of the flood risk management 

strategy with a broad vision for the area of interest. The objective of risk management is to develop 

strategies to avoid losses and these strategies rely heavily on what one has to lose. Understanding this 

requires a thorough knowledge of the context (a region, a city, etc.) at the present time and likely to exist 

in the future.  

26. In the context of this Guide, the meaning of “integrated” can be applied flexibly. Many authorities on the 

topic offer different definitions, but all will stress the need to consider the complete system from many 

angles to ensure a balanced set of solutions. This “many baskets, many eggs” approach provides the 

flexibility, robustness and adaptability to address the great variety of issues that exist. 

2.3. Conceptualizing flood risk management 

27. In the community of practice for flood risk management (or, more broadly, disaster risk management) 

many different models or conceptualizations have been put forward to structure the key features of an 

integrated approach. Each model has its strengths and weaknesses, and a couple are presented below 

to highlight different angles of approach. 

2.3.1. Disaster management cycle 

28. The concept of a disaster management cycle (Figure 1) highlights the need to consider the different 

phases as a continuous process: mitigation and preparedness prior to an event, and response and 

recovery after an event.  

29. The cycle also highlights the need for integration and coordination between different agencies and 

organizations involved. During the mitigation phase, the prime responsibility is likely to be with ministries 

involved in the planning and investment of long-term strategies for risk reduction. The preparedness and 

response phases will largely involve the ministries or agencies responsible for disaster management. 

Forecasting and warning will involve the meteorology/hydromet agency. During major disasters response 

will also require ministries responsible for health and social welfare as well as non-governmental 

organizations (NGOs) and other relief agencies such as the International Federation of Red Cross and 

Red Crescent Societies (IFRC). The recovery phase requires investment to repair and rebuild damages 

and as such it requires the involvement of the ministry responsible for finance as well as the private 
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sector, such as insurers. Provincial (or State) level actors as well as local governments are likely to be 

involved in all phases.  

30. The value in highlighting this approach is a reminder to maintain a high-level view of the entire problem 

and the different sectors involved.  

 

Figure 1: The disaster management cyclexiii (designed by the KSTA Team) 

2.3.2. Source-pathway-receptor model for risk 

31. The source-pathway-receptor model7 (Figure 2) is recommended as a means of breaking down the 

different elements leading to risk and the need to consider solutions to each element. The usefulness of 

this approach is to prompt consideration of solutions for all parts of the river basin: upper, middle and 

lower. 

32. Interventions addressing the source include catchment management or managing urban runoff at source. 

The pathway concerns the transmission of floodwaters via a river, through a drain, or even along a coastal 

fringe in the case of coastal flooding. Solutions include adding storage to attenuate the floodwaters and 

reducing discharge or increasing conveyance (flow capacity) to allow for it to drain quickly and at lower 

flood-levels. The receptor side of the model considers assets or communities affected by flooding and 

draws focus to the issues of exposure and vulnerability, which are discussed in more detail below. 

 

 
xiii It stresses the need to consider all phases in a cycle and the different sectors involved. 
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Figure 2: The Source-Pathway-Receptor model for flood risk managementxiv (taken from 

Sayers, et al. 20138) 

2.4. Defining flood risk 

2.4.1. Hazard, exposure and vulnerability  

33. Flood risk is normally described as a function of three 

components: hazard, exposure and vulnerabilityxv 

(Figure 3).  

34. Considering the importance of all three components 

provides a framework for an integrated approach and is 

consistent with recent ADB guidelines for disaster risk 

management9. Understanding the three parts to the risk 

relationship is fundamental to IFRM. To focus on one 

element more than the others will reduce the effectiveness 

of the solution. In the past, flood engineers have had a very 

structure-based focus on reducing hazard, but this does 

not necessarily reduce overall risk due to effects on 

exposure and vulnerability.  

35. To illustrate this point, consider the scenario described in Box 2 which highlights the importance of 

understanding that a dike for flood protection may reduce flood hazard for the more common flood events 

but will not completely protect against all floods. The net risk may increase if the issues of exposure and 

vulnerability are not addressed as part of an integrated solution.  

 
xiv It highlights connections between the elements of cause and consequence 
xv Cardona, et al., 2012. Determinants of risk: exposure and vulnerability. In: Managing the Risks of Extreme Events and Disasters to 
Advance Climate Change Adaptation. IPCC.  

Flood 
risk

Hazard

Exposure

Vulnerability

Figure 3: Three components of flood risk 
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Box 2: Focus on hazard versus exposure and vulnerability 

Consider the example of a flood risk management solution that consists solely of a flood protection dike 

to provide protection against hazard. Unless the dike is extraordinarily high, then there will always be a 

finite probability that it will be overtopped. It is common to consider a 1 in a 100 event as a suitable design 

standard in an urban area. While an annual probability of exceedance of just 1% may seem reasonable, 

the cumulative likelihood over several years becomes significant. The probability (P) of at least one event 

exceeding a design standard (T) over a period of years (n) is given by the formula: 

𝑃 = 1 − (1 −
1

𝑇
)𝑛 

In this example, for a 100-year design standard, the probability of exceedance over a time span of 10 

years is 9.6%, over 30 years is 26%, and over 50 years is 40%. While a 1% chance annually sounds 

small, there is a very real possibility that the structure will be overtopped during its design life of 30 to 50 

or more years. Failure to plan for this can have major consequences.  

The dike protection will reduce the annual likelihood of the flood hazard, but it may not reduce the overall 

risk in the long-term. The presence of the dike may give the perception of safety thus promoting further 

development in flood prone areas which may lead to an increase in exposure. The same feeling of safety 

will leave occupiers of the land completely unaware of flood hazard and thus be unprepared, resulting in 

an increase in the vulnerability. IFRM is about considering the overall risk in terms of hazard, exposure 

and vulnerability.  

2.4.2. Quantitative measures of risk 

36. The standard quantitative measure of risk might be the cost of flooding, which is the present worth of an 

annual stream of Annual Average Losses (AAL) or the Expected Annual Damage (EAD). Another 

measure of risk might be risk to life, quantified by the product of local depth and velocity or even the 

expected annual loss of life. For the purpose of this Practical Guide, we are more concerned with how to 

construct the framework to reduce risk, rather than how to quantify the risk. As such, an in-depth 

discussion on damages, benefits, economic analysis and how this can be applied to the ADB project 

cycle is given in Technical Note 1 Guide to IFRM Economics.  

2.4.3. Qualitative measures of risk 

37. Examples of qualitative measures of risk may take the form of a matrix of likelihood against consequence, 

as is commonly used in other risk management sectors such as Health and Safety, including a 

combination of qualitative scoring – such as high, medium, low classifications – of hazard, exposure, 

vulnerability and ultimately risk.  

2.5. Flood hazard 

38. The hazard is a flood event that is potentially damaging and has three main characteristics: source, 

magnitude (depth, velocity, or duration that causes damage), and location or extent. The scope of this 

document considers the following sources of flooding: fluvial (i.e. from rivers), pluvial (i.e. rainfall creates 

a flood independent of an overflowing water body), coastal, urban, groundwater, dam breach, glacial lake 

outburst flooding (GLOF) and landslide dam outburst flooding. 

39. The severity of a hazard will be affected by the source of the flood as well as the pathway10. The flood 

from a heavy rainfall event (the source) will be different if the catchment (the pathway) had been 

deforested or urbanized compared with a heavily forested area. Equally, the depth of flooding may be 

increased if the conveyance capacity of the river (the pathway) has been reduced through sedimentation 

or encroachment.  

40. For fluvial events, solutions include slowing the rate of runoff, increasing storage in the system, changing 

the river conveyance capacity or containing the flood within walls or dikes. In coastal situations, while 
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there is little that can be done to affect the source of the flooding, solutions will seek to affect the flood 

pathway such as enhancement of mangrove areas to dissipate energy or sea walls to protect assets. 

41. The magnitude of the flood hazard is described using the term 

Annual Exceedance Probability (AEP). The AEP is the 

exceedance probability of a given flood hazard event (or larger) 

occurring annually and is usually expressed as a percentage. 

Bigger events occur (are exceeded) less often and will therefore 

have a lesser annual exceedance probability. Return Periods 

(RP) are the inverse of the AEP, so a flood hazard that has an 

AEP of 1% – i.e. a 1% chance of exceeding a given magnitude 

in any given year – has a RP of 1 in 100, hence the terminology historically used of a ‘1 in 100 year’ flood 

event. This terminology is now rarely used as it can mislead a flooded community into thinking that an 

event will not happen again for ‘another’ 100 years, rather than the chance of it (or a larger event) 

happening again is 1% each year.  

2.6. Exposure 

42. Exposure of an element at risk is the degree of possible contact between a potentially damaging hazard 

and a community, livelihood, or asset (for instance, structures or settlements located in floodplains). 

Effectively, these are the receptors of the flood risk framework, which can be impacted directly (when 

impacts are due to the physical contact with floodwaters, i.e. direct impacts) and indirectly (when impacts 

are not due to the physical contact, and/or occur outside the inundated area in space or time, i.e. indirect 

or cascade impacts)11. Assets can be either fixed, such as infrastructure or ecosystems, or unattached, 

such as people, cars and trains (Figure 4). This transient component of exposure means that impact can 

change depending on when the flood occurs. Exposure (and therefore losses) may be different if the 

event is at night, on a weekend or during rush-hour. Similarly, in an agricultural area, the exposure will 

change according to whether the field is fallow or in full production. 

 

Figure 4: Bullet trains inundated at Nagano during flooding in October 2019xvi 

 
xvi Exposed assets can be fixed or mobile, such as these Bullet trains. The loss incurred was estimated to be between $110m and 
$135m. Source: BBC 

 

Technical Note 1 discusses 

the relationship between AAL 

and AEP in detail in the 

context of economic damages  
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43. Since a dominating factor is the density of population and infrastructure, then exposure will increase with 

population growth and rural to urban migration. Furthermore, as the quality of life increases in developing 

countries, as does the relative value of assets exposed and their potential loss.  

44. Economic development will also influence the structural robustness of the assets. Simply constructed 

houses in a slum may be destroyed completely causing danger to inhabitants as well as disruption in the 

aftermath. Conversely, a well-constructed dwelling in a more affluent area may physically withstand a 

flood but the material losses may be higher due to the cost of replacing more expensive assets such as 

electrical goods. A simple way to reduce this exposure can be to design homes where expensive assets 

can be moved to a higher level or an upper floor, or permanently housed above flood levels. 

45. There is a global trend that the economic losses from floods (and many other natural disasters) increases 

with time. While it’s likely that changing climates have some influence on the frequency of the flood 

hazard, the main driver behind the increase in losses is the increase in exposure. More assets and more 

economic value at risk leads to greater losses. Insurers across the globe are all too aware of this trend. 

Therefore, if the objective of flood risk management is to reduce total losses, then the solutions need to 

address the issues of increasing exposure.  

46. Spatial planning is a key tool for managing exposure for fixed assets, such as houses, factories and other 

infrastructure. Appropriate land use planning for new development should ensure separation between 

flood prone areas and the fixed assets. As a general principle, new development should not create new 

problems: poorly planned (or unplanned) expansion of development into flood susceptible land 

contributes to increasing risk.  

47. Another tool applied to reduce exposure is through development and building controls, which is a way of 

ensuring that new development adequately accounts for flooding. Just as a building code requires 

structures to take into account extreme winds or earthquake hazard, so too should the building code take 

into account flooding. For example, this could include setting minimum flood levels and requirements to 

not increase existing flooding by obstructing flow paths or reducing floodplain storage.  

48. With regard to people and movable assets, contingency planning should allow for specific actions in 

response to a flood early warning. Vehicles can be moved to safe locations, people can relocate movable 

items to safe locations and evacuate themselves to flood-shelters, and livestock can be moved to higher 

ground. Urban planning should consider flood free transport routes to allow for evacuation and ease of 

access for emergency response. Similarly, flood-smart design and siting of facilities will minimize 

disruption to electricity grids, communication networks, hospitals, fire stations, emergency response 

centers, and evacuation centers.  

2.7. Vulnerability 

49. Vulnerability relates to the physical, social, economic, and environmental conditions of a community, 

livelihood, or a particular asset and its propensity to be adversely affected by exposure to a hazard 

event12. Vulnerability is situation specific, interacting with exposure to the hazard to generate risk, 

therefore, is time and space dependent. High vulnerability can create large losses from even relatively 

moderate hazards. In poor and highly vulnerable areas, the frequent small- or medium-scale floods can 

have a significant cumulative effect as discussed in Technical Note 1 Guide to IFRM Economics.  

50. Resilience contrasts with vulnerability in that it is the ability of a system, community, or society exposed 

to hazards to resist, absorb, accommodate, adapt to, transform, and recover from the effects of exposure 

to a hazard in a timely and efficient manner13. Typically, low vulnerability leads to high resilience.  

51. A related concept is coping capacity, which is the ability of people, organizations and systems, using 

available skills and resources, to manage adverse conditions, risk or disasters. The capacity to cope 
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requires continuing awareness, resources and good management, both in normal times as well as during 

disasters or adverse conditions. Strengthening coping capacity reduces vulnerability. 

52. In modeling exercises, vulnerability is often captured through depth-damage curves, but as discussed in 

Technical Note 7 Guide to Insurance, there is a lack of evidence for a strong relationship between water 

depth and damage (expressed as either monetary value or a proportion of asset value), as illustrated in 

Figure 5. Similar approaches have been created for loss of life curves.  

 
Figure 5: Relationship between water depth and damage for residential properties (Merz et al., 2003)xvii 

 

53. The conditions that generate vulnerability often relate to the 

various facets of poverty, such as low incomes and lack of 

access to services and information. While floods threaten the 

physical, psychological, social and economic well-being of both 

women and men, there are also diverse and complex social 

dimensions to vulnerability. In general, women are more 

vulnerable than men. In general, affluent households are more 

vulnerable than informal settlements. 

54. In a formulation known as the Pressure and Release (PAR) model14, the progression of vulnerability is a 

collaboration of several factors split into three main areas: Root Causes, Dynamic Pressures, and Unsafe 

Conditions (Figure 6). People have different perceptions of hazards and varying options to cope with 

floods accordingly. This depends on their geographic location, social and political background, values 

and beliefs, but mainly their economic status within a society and thus their coping capacity.  

 
xvii The y-axis shows monetary damage in Deutschmarks multiplied by 1,000.  Each point represents the damage at individual residential 
properties in research work carried out by Merz and his colleagues following flooding in Germany during the period 1978-1994. 

 

Technical Note 4 considers 

the gender and social 

inclusion dimensions of 

vulnerability in detail 
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Figure 6: The Pressure and Release modelxviii (adapted) 

55. Addressing vulnerability requires an understanding of these root causes, pressures and conditions such 

that solutions are balanced and recognize the complexity of issues. While addressing some of the deeper 

root causes of vulnerability may be beyond the scope of most flood risk management plans, the low-

hanging-fruit solutions for strengthening flood response include 

awareness raising and capacity building (both in government 

agencies and at community level). Flood preparedness can be 

enhanced with flood forecasting and early warning systems, 

and, at the local level, improved knowledge can ensure better 

response for flood-proofing or evacuation. Institutional 

strengthening should target coordination, communication and 

decision-making systems.  

56. Gender and social inclusion issues are often undervalued in the IFRM process or considered only in the 

context of response and post-disaster issues. While gender can have a significant impact on flood 

vulnerability, mitigation and response, and even media representation, it is often the case that women 

often do not play a decision-making role within traditional flood risk management institutions. Greater 

emphasis is required to ensure higher prominence of women in the whole process, particularly at the 

assessment, planning and decision-making stages.  

2.8. Other elements: Residual risk and “new” risk 

57. The discussion on risk requires consideration of two related concepts: residual risk and “new” risk.  

58. Residual risk is that which remains even when effective risk reduction measures are in place. Often 

applicable in the case of a floodplain protected by a river dike, the residual risk refers to remaining risk 

due to the failure (see Box 3) or overtopping of the flood 

protection system. Contingency planning is required to manage 

residual risk, such as, reducing exposure by controlling land use 

in locations likely to be affected by failure, or reducing 

vulnerability by raising awareness, delivering flood forecasting 

and early warning, and providing insurance to the affected 

population. The presence of residual risk implies a continuing need to develop and support effective 

 
xviii The Pressure and Release model breaks down the progression of vulnerability from root causes, pressures and conditions. The 
combination of these elements define vulnerability for a community 
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capacities for emergency services, preparedness, response and recovery, together with socioeconomic 

policies such as safety nets and risk transfer (insurance) mechanisms, as part of a holistic approach15. 

Box 3: Fragility curves 

The failure of flood risk infrastructure can be considered using fragility curves. Fragility curves are defined 

as the probability of flood infrastructure failing under certain conditions such as river discharge, water 

elevation/depth or velocity. Analytical methods that can be used to develop fragility curves are based on 

structural models that evaluate the likelihood that performance limits of the structure are exceeded. These 

methods have the advantage that they are based on physical models, or at least explicit physical 

relationships between capacity and demand. A limitation of analytical and empirical methods is that there 

are potential failure modes that may not be readily addressed by either approach. As a consequence, 

fragility assessments are often a hybrid of different methods, depending on the information that is 

available to perform the analysis. An example of a fragility curve with uncertainty captured is provided 

below in Figure 7, taken from the National Academies of Sciences, Engineering, and Medicine (2013) 

book entitled Levees and the National Flood Insurance Program: Improving Policies and Practices. 

Dealing with and managing uncertainty in IFRM is discussed in detail in Technical Note 5 Managing 

Uncertainty in IFRM using Dynamic Adaptive Pathways Planning. 

 

Figure 7: An example of a fragility curve for flood embankments (taken from National Academies of Sciences, 

Engineering, and Medicine, 2013) 

 

59. New risk, also referred to as future risk, is risk that may develop in the future if disaster risk reduction 

policies are not put in place. New risk derives from a range of sources including sea level rise and 

changing rainfall intensity from climate change as well as watershed degradation, but based on the 

observed trends, urbanization remains a key source of “new risk” in Asia (footnote v). Poorly planned or 

poorly designed development can create new risk such as, new residential or industrial development in 

flood prone areas or new infrastructure such as roads that impede or divert flow to increase flooding in 

existing developed areas. New risk may also emerge through complacency if residents lose awareness 

of flood risk and become unprepared. Large imposing flood defenses can lead to reduced awareness of 

flooding and changes in behavior which lead to less safe practices, such as lack of attention to flood 

warning systems and dense development in areas which may be exposed to some residual risk.  

60. Management measures to address new risk include a combination of land-use planning as well as 

development and building controls to limit potential exposure. Continued vigilance through awareness 

raising and flood warning systems is required to avoid complacency.  
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2.9. IFRM and Integrated Water Resources Management 

61. In discussing IFRM it is also worthwhile considering it in the context of the broader and quite commonly 

applied concept of Integrated Water Resources Management (IWRM). The Global Water Partnership 

define IWRM as “a process which promotes the coordinated development and management of water, 

land and related resources, in order to maximize the resultant economic and social welfare in an equitable 

manner without compromising the sustainability of vital ecosystems.”16 

62. IWRM sees water as a resource, to be used for a variety of purposes in an equitable manner, whereas 

IFRM sees water as a potential hazard, but with opportunities for beneficial management. IWRM 

promotes a river basin approach, which similarly IFRM seeks to promote – such as demonstrated by the 

EU Floods Directive of 2007. A completely holistic approach for water management would consider flood 

risk management in the broader context of water resources management, and thereby seek 

complimentary solutions. For example, a dam that enhances water supply reliability can also operate to 

reduce downstream flood risk.  

63. How to incorporate IFRM within the wider IWRM governance space is tackled differently by various 

countries17, with many challenges. The Sector Assessments and Benchmarking Exercise undertaken by 

this KSTAxix, suggested that IWRM practitioners in the target DMCs undervalued flood risk management 

as part of the wider context of managing water. 

  

 
xix Landell Mills, 2022. 
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3. Advancing national and regional level 
capacity for IFRM frameworks 

3.1. Overview: building blocks 

64. National and regional level governments have a responsibility to provide leadership for IFRM. By creating 

an enabling environment, governments play a vital role in providing not only resources but also guidance 

for promoting flood risk management. For ADB supported flood risk management programs or projects 

to be successful at a more local level it is also necessary to consider the strength of the national level 

institutions and governance arrangements. 

65. Based on the experience and lessons learned from other countries it is possible to identify a set of building 

blocks that will not only underpin the basics of sound flood risk management but also drive the process 

forward for improvement. Presented here is a brief description of the basic building blocks.  

3.2. National and international coordination  

66. Governments need to have the mechanisms in place and a demonstrated commitment to supporting 

coordination. Perhaps more than most sectors, flood risk management (and more broadly IWRM) requires 

inter-sector coordination. Enabling coordination across agencies is essential for effective IFRM.  

67. It is an understandable reality that government agencies will be at their most comfortable when operating 

within their own organizational structures and within their own field of interest or control. Coordination, 

whether across departments within a ministry or across ministries, is rarely simple but necessary for an 

integrated approach, therefore high-level leadership is required to create the structures—such as an 

interdepartmental committee—which facilitate coordination. In establishing such a such a committee, it is 

important to establish clear lines of responsibility and reporting as well as transparent levels of authority 

for any decisions of the committee. In theory, establishing a committee by placing names on a list and 

having meetings can be easy. In practice, establishing a committee that is effective with real decision-

making power and accountability to follow-though on implementation is a much greater challenge. 

68. Some form of central committee structure is required for a flood operations function for coordinating 

preparation activities, warning, response, clean-up and recovery in flood risk management. It is often the 

casexx that coordination committees form and act well during emergency situations in a flood event, 

however this is a reactive approach. However, a more proactive approach would also empower a high-

level committee for overseeing the coordination of medium and long-term planning, including 

development of national strategies or plans for flood risk management including investment.  

69. Governments need to facilitate international coordination in managing river basins that cross national 

boundaries. This includes sharing of hydro-meteorological and reservoir information as well coordination 

on river basin management practices.  

3.3. River basin level coordination  

70. Whether it is just for flood risk management or the more general water resources management, the 

establishment of a functioning and powerful River Basin Organization (RBO) is seen as the gold standard. 

 
xx For example, in Vietnam, the Central Steering Committee for Natural Disaster Prevention and Control has a mandate (Article 18 -
Decree 160/2018/ND-CP) which includes 12 defined tasks, of which, 11 relate specifically to disaster response. One could argue that 
the expertise assembled for the management of response measures would also be well-suited to a very pro-active role in coordinating 
planning of other non-response-related IFRM measures. IFRM planning is assigned to another unit within government. 
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Unfortunately, the road to achieving a high-functioning and effective RBO is paved with many well-

intentioned but unsuccessful attempts. It is not uncommon for Official Development Assistance (ODA) 

projects to establish the structure of an RBO which functions for the duration of the project but dissolves 

soon afterwards. The lessons learned are that RBO responsibilities need to be backed with assigned 

powers. Decisions made by the RBO need to have necessary authority to ensure implementation, and 

need to be adequately funded.  

71. RBOs fail when they are seen to be external to the normal lines of authority within sector-based agencies 

and the priorities of the RBO decisions are not integrated with the sector plans. For an RBO structure to 

be successful it is essential that central government first authorize and empower the institutional 

arrangements anchored with appropriate lines of control.  

72. Given the difficulties that often arise when establishing high-level and powerful RBO, an alternative 

approach is that the RBO operates as a purely consultative body. While this avoids some possible power 

conflicts, it is a weaker arrangement because it lacks authority to exercise full control. Instead, the RBO 

will need to rely on a shared interest to cooperate across agencies in the common purpose of flood risk 

management. Disputes, such as assigning priorities for the allocation of resources may require some 

higher-level intervention to ensure sticking points are resolved. Nonetheless, the RBO is the starting point 

for an integrated approach. It is the forum for establishing a vision for the river basin, identifying goals, 

coordinating investigation of issues and a preparation of plans. Implementation of specific activities with 

the plans will be the responsibility of line agencies. 

73. An excellent resource on river basin planning is Pengram18 et al. (2013) and Box 3 highlights the “Ten 

Golden Rules of Basin Planning”. In the context of this Practical Guide, the message is that a river basin 

focus requires a nuanced and balanced set of solutions in the face of complex flood problems. The aim 

is not just to meet straightforward, externally set objectives, but to choose from a series of possible 

objectives that will best contribute to a range of competing economic, social and ecological goals18. 

Achieving these goals will often require some tradeoff that typically involves the participation of a range 

of stakeholders that may have interests beyond just flood risk management. 

Box 4: Ten Golden Rules of Basin Planning 

Rule 1: Develop a comprehensive understanding of the entire system. 

Rule 2: Plan and act, even without full knowledge. 

Rule 3: Prioritize issues for current attention and adopt a phased and iterative approach to the 

achievement of long-term goals. 

Rule 4: Enable adaptation to changing circumstances. 

Rule 5: Accept that basin planning is an inherently iterative and chaotic process. 

Rule 6: Develop relevant and consistent thematic plans. 

Rule 7: Address issues at the appropriate scale by nesting local plans under the basin plan. 

Rule 8: Engage stakeholders with a view to strengthening institutional relationships. 

Rule 9: Focus on implementation of the basin plan throughout. 

Rule 10: Select the planning approach and methods to suit the basin needs. 

Source: G. Pegram, Y. Li, T. Le. Quesne, R. Speed, J. Li, and F. Shen. 2013. River basin planning: 

Principles, procedures and approaches for strategic basin planning. Paris, UNESCO. 

 

3.4. Commitment to a risk-based approach 

74. Governments need to commit to a risk-based approach which recognizes that not all flood risk can be 

eliminated. Once government at the highest level demonstrates leadership on a risk-based approach 

then a cooperative environment develops where different actors can appreciate their role in the risk 

management framework. Conversely, consider hypothetically the situation where a central authority 
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announces that floods have been “prevented“, not only does this give a false impression that floods are 

no longer a problem but also it immediately removes responsibility from all other actors who potentially 

have a role.  

75. In a well communicated risk-based framework, all actors know that they have a role to play. Agencies 

responsible for analysis, design and investment will have a role for evaluating the flood hazard and 

identifying the investment required to reduce hazard as well as a realistic appreciation of the limitations. 

Protective works will have a known design frequency for serviceability as well an inherent risk of failure—

a residual risk. Messages on the need to reduce exposure can be relayed to provincial, district and city 

authorities who have responsibility for urban and general development planning. Similarly building and 

construction guidelines can be applied in the knowledge of potential risk. Managing vulnerability will 

involve several different agencies, including forecasting and response. Communication between higher 

level and local level agencies is required to ensure an understanding of the risks so that appropriate 

contingency planning can be undertaken. 

76. It is the attitude of central government towards risk and the messages that they convey that will empower 

others to prepare and act appropriately.  

3.5. Response agency 

77. A coordination agency for disaster response (including flood response) is a very visible aspect of IFRM 

and to a large extent most DMCs have given this adequate priority. In the lead up to, and during an 

emergency, their functions are quite clear. Close coordination of response requires data collection, 

interpretation of information to identify emerging issues, and clear lines of communication to inform 

decision makers and to act on directives. This requires hydro-meteorological forecasting, hydrological 

analysis, mapping and the ability to coordinate with information coming from the field. 

78. During non-emergency periods, adequate resources of the agency are required to ensure both 

preparation and collection of lessons learned. Preparation includes identifying likely needs and mobilizing 

the appropriate resources in advance. Most DMCs have procedures for stockpiling material such as 

crushed rock and sand for emergency repair of embankments, as well as equipment that can be mobilized 

quickly to strengthen potential breaches in flood protection structures. The locations of these materials 

and equipment need to take account of the likelihood of being flooded themselves.  

79. Data collection for lessons learned is critical. Future flood risk management activities will rely on this 

information to prioritize problem locations and issues. Data collection post-event should assemble 

information on the flood impacts, such as flood-levels, flows and flood extents, as well as losses, such as 

number of deaths, injuries, people missing, damage to houses, crops and other infrastructure as well as 

costs. This should be collected at the local level on standardized forms and stored in a database, which 

preferably is accessible to the public. Having reliable, consistent and localized data of historical events is 

a significant asset for future flood risk management planning.  

3.6. Selected building blocks for IFRM 

80. Table 1 identifies a selection of issues that should be considered as building blocks for national level 

governments in support of IFRM. 
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Table 1: Building blocks for national level support to IFRM 

Issue Building blocks for national level support to IFRM 

Urban growth Clear directives for local government on integrating flood risk into 
development planning. 

Studies and mapping on regional flood risk. 

National standards for stormwater design and building codes for flood risk. 

Promotion of livability, NBS and Sustainable Drainage Systems (SuDS) 
through improving knowledge and demonstration projects.  

Climate change National climate change scenarios including regional mapping of climate 
change impact on temperature, seasonal rainfall, and rainfall intensity. 

National strategy and adaptation plans for climate action including 
adaptation and mitigation. 

Environment Legislation for environmental impact assessment that includes controls on 
the impact of development on flooding. 

Legislation to enforce watershed and coastal zone management through 
protection of forests. 

National strategy for conservation of forests including critical watersheds 
and coastal areas. 

Enabling legislation payment for ecosystem services. 

Database of forest cover including coastal forests. 

Insurance National policies to promote the uptake of insurance by individuals and 
guarantee on the insurance pool to ensure affordability. 

Data and accessibility National database on meteorological and hydrological data, including 
rainfall (daily and sub-daily), suite of meteorological parameters, river 
levels, river flows, reservoir levels. 

National database of damages and losses from floods (& other disasters). 
Impacts on people should by disaggregated by gender, age, ethnic group. 

National database of topographic and land-use information 

Data should be either accessible on a website either free or with a 
transparent and streamlined mechanism for purchase. 

A facilitated process allowing permission to acquire LiDAR data and/or 
sharing of existing data. 

Establishment of national standards for flood mapping. 

Science and technology National technical standards for methods of analysis in hydrology, 
hydraulics and urban drainage design. 

Programs for leading advancement in national guidance in supporting 
science for flood estimation such guidelines for local or regional information 
on rainfall intensity-duration-frequency (IDF), probable maximum 
precipitation (PMP), regional flood frequency analysis and area reduction 
factors. 

Capacity building and 
education 

Facilitation of a community of practice either through government, 
academia or professional associations. 

Support for universities or institutes for conferences, workshops, 
professional development training and other events. 

Community involvement, 
gender and social 
inclusion 

Policies that promote stakeholder consultation in planning and project 
preparation. 

Policies that require integration of gender and social inclusion in flood 
management. 
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4. Preparing an Integrated Flood Risk 
Management Plan at River Basin Level 

4.1. Overview: What is an integrated flood risk management plan? 

81. An IFRM plan is fundamental to any evidence-based approach 

to manage floods in a river basinxxi. Many references19 provide 

comprehensive guidance on preparing an IFRM plan and rather 

than just repeating what is available elsewhere, the purpose for 

this Practical Guide is to provide a more concise summary of 

the main highlights and present these in the context of issues 

likely to be encountered for an ADB project or program 

supporting a DMC.  

82. Situations for ADB project activities will vary considerably in size and scope but presented are a logical 

sequence of steps featuring the main issues that should be incorporated into any appraisal of flooding 

issues or preparation of a specific project or program. The purpose is to promote an IFRM approach so 

that solutions are integrated, comprehensive, sustainable and generally consistent with the values that 

ADB supports in project activities. In addition, recognizing that even the best prepared plan is useless 

unless implemented, the final section of this chapter discusses financing issues for IFRM. 

83. Planning for flood risk involves many complex issues, including a multitude of stakeholders and changing 

environment. In addressing these, the IFRM plan should expect to: 

• Establish clear goals and vision (what is the plan for and for whom); 

• Identify the major strategic IFRM issues in the river basin; 

• Examine current and emerging trends and influences; 

• Facilitate the development, implementation and appraisal of action plans; 

• Establish an evidence base and framework that enables an adaptive approach for changing 

circumstances; 

• Improve communication with all stakeholders; and, 

• Support capacity development for those involved in plan development and implementation. 

84. The basic principle for the IFRM plan is that it is a risk-based approach to flood management which carries 

the acknowledgement that that not all floods can, nor should be prevented. Management of flood risk 

requires a balanced approach to hazard, exposure and vulnerability, which includes economic feasibility 

and the consideration of residual risk and new risk. 

4.2. Goal setting and impact 

85. Consistent with ADB’s approach of “Managing for Development Results” it is essential to establish the 

context for the flood risk management plan in terms of the impact and outcomes that the plan should 

influence20. Having a clear vision of where the IFRM plan sits within the broader development strategy 

for the river basin or region will establish the basis for the broader goals. While in general the object of 

 
xxi Note that throughout the text the term “river basin” is used for the planning unit but it is understood that under some circumstances 
other descriptors for the planning unit may suit better. For example, for a coastal flood the “coastal zone” is the planning unit and for an 
urban area it may be more appropriate to refer to the local drainage catchment rather a river basin.  

 

Technical Note 3 sets out a 

template Terms of Reference 

for developing IFRM projects 

to ADB standards 
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the plan is for reducing flood risk, the initial goal setting will establish the basis for prioritizing and deciding 

between trade-offs.  

86. Framing this in terms of ADB’s Vision 2030 of “Prosperous, Inclusive, Resilient, Sustainable” encourages 

a broader set of goals, beyond just reducing the likelihood of flooding in an area. Planning for the 

management of flood risk needs to be conducted in parallel with planning for other goals in the region or 

locality.  

87. Flood risk management works typically require decisions about land use. Whether it is through increasing 

storage or increasing conveyance, solutions generally require space, and that space is typically in high 

demand. To allocate additional land for flood management whether it is to provide for a large river 

channel, a larger reservoir upstream or to separate high-value assets from a floodable area, will inevitably 

require some compromise on the appropriate use of valuable land. 

88. In developing urban areas, all land has value (even flood prone land) and designing for a prosperous and 

inclusive community requires consideration of how all people will view the land. In theory, for a greenfield 

(unoccupied) floodplain location, the urban planning approach is simple: no new urban development 

should increase flood risk. In practice however reality is far more complicated. It is more common that 

floodplain areas are already heavily populated—sometimes with unplanned settlementsxxii—and the 

residents have learned to live with flood risk in the tradeoff between the hardships of being periodically 

inundated and the benefits of accessing an economically vibrant area. There is no point in moving to 

some distant, but flood-safe hill, if there is very little access to economic opportunity. Therefore, the 

challenge for flood risk management is to reduce risk in an economically and socially responsible way 

through a balanced combination of reducing hazard (such as flood defenses), reducing exposure (through 

relocation), or by reducing vulnerability (e.g., strengthening flood forecasting, warning and response 

combined with flood proofing)xxiii.  

89. As flood managers, it is important to recognize that the objective is not just to reduce the risk (as quantified 

by for example the present worth of EAD), but rather to maximize net benefit in a cost-effective manner, 

which may include some compromise between risk and providing opportunities and reducing potential 

harm. An example may be a waterway improvement project that is excellent for flood risk objectives but 

can result in urban gentrification that benefits existing well-off landholders at the expense of poor tenants 

(non-landholders) who will get priced-out of that community. 

4.3. Problem identification: Issues and root causes 

90. At the start of the process it is worth opening a broad discussion on issues to develop a better 

understanding of the situation which will inform the vision. 

91. Initially, one should ask: Is the problem really just flooding? In the context of “Managing for Development 

Results” one should avoid the trap of reinforcing the siloed thinking that define many public institutions21. 

An obsession with procedure and status quo leads to projects that are about “doing things right” rather 

than “doing the right things". 

92. To develop a more integrated approach its valuable to start with some lateral thinking. Is the problem just 

flooding or is it land use? In fact, the term “Flood Risk Management Plan” may itself be limiting the scope 

of the solution. Alternatives such as, Floodplain Management Plan, Coastal Zone Management Plan, or 

River Basin Management Plan place emphasis on a more holistic approach to managing the land and 

the resources for economic, social and environmental goals ahead of only just managing the flood risk.  

 
xxii This can be observed in many DMCs such as areas of Jakarta visited by the KSTA team which has highly dense populations in flood 
prone areas. 
xxiii Or, through some combination of all three approaches 
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93. Focusing on the problem of flooding omits consideration of the potential benefits of flooding. In its natural 

state a floodplain is a vibrant system that interacts with a river system and in doing so sustains a 

complexity of landforms and habitats. Similarly, coastal zones are typically dynamic and diverse. 

Preservation or restoration of these natural functions should be as much a part of any flood risk 

management system as any flood protection system.  

94. Problem identification needs a holistic approach and understanding the root causes will help steer the 

scope, the direction of investigations and ultimately, the development of solutions. Possible factors to 

consider include that: 

• Degrading watersheds will increase peak flood discharge and sediment runoff.  

• Loss of natural storage through loss of connection to the floodplain or through straightening or 

channelization of waterways will increase peak discharges, shorten the time to peak, and 

increase flow velocity. 

• Changes in the sediment regime in the watercourse, either through increased sediment input 

or deposition of sediment in a reservoir as well as the removal of sediment for sand and gravel 

extraction, will change the flood characteristics as well as affect the stability of riverbanks and 

coastal sediment movement. 

• Loss of coastal vegetation, such as mangroves, will affect coastal sediment movement as well 

as energy dissipation during coastal flooding events. 

• Land development, whether planned or unplanned, that encroaches into flood-prone areas will 

not only create flood risk for inhabitants, but also may affect flooding in other areas due to loss 

of floodplain storage or changes in flow patterns. 

• Poorly managed operation of reservoirs can increase downstream flood peaks and any 

structure that retains water, whether it is a dam or dike has an inherent risk of failure (possibly 

exacerbated by inadequate maintenance). 

• Land subsidence in river deltas areas can be accelerated through excessive groundwater 

extraction and/or loss of recharge. 

• Deterioration of wetland habitats can be the result of lost floodplain or coastal system 

connections, which can also contribute to loss of natural land fertility or the accumulation of 

pollutants. 

• Climate change projections in most areas indicate a high likelihood of increased peak rainfall 

intensity which, in combination with rising sea levels, will increase flood hazard. 

95. In an urban setting root-cause identification is even more diverse. Competition for space and high costs 

for land clearance and construction mean that most urban drainage systems have inadequate capacity, 

particularly for high intensity events. However, in dense urban environments flood management is rarely 

just about stormwater drainage capacity alone and it is not uncommon that urban flood management is 

secondary to a more general problem, for example:  

• Poor waste disposal practices and inadequate solid waste management systems lead to 

unsanitary conditions and clogging of drains. Improvements to waste management practices 

may alleviate drainage problems while drainage solutions could also integrate means for 

trapping waste without reducing flow capacity. 

• Poor water quality in combined wastewater and stormwater sewers may create problems 

related to mosquitos and waterborne diseases. A public health project could integrate 

stormwater solutions to improve water quality and reduce disease risk. 
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• Informal developments along urban waterways may become overcrowded poverty traps with 

poor opportunities. An urban livelihoods and low-cost housing project could be integrated with 

stormwater management to improve a range of outcomes.  

• Transportation bottlenecks at waterway crossings causes significant urban congestion. An 

investment project for the urban road network could be integrated with flood alleviation works 

such as improving flow capacity at bridge crossings, using roads and other public space to 

ensure adequate building setback from waterway margins, or combining stormwater drainage 

pathways with transport tunnels. 

• Improperly designed new urban areas could excessively encroach on waterways or reduce 

floodplain storage. Alternatively, integration of waterway corridors as part of “livability” and 

“green” concepts in the urban design combine benefits for ensuring adequate flood performance 

as well as improving the urban landscape. 

96. By taking a broader perspective, it is easy to imagine that what may been conceived strictly as a flood 

risk management project may be better framed in a completely different way. Extending the scope will 

ensure a more integrated solution with better development outcomes as well as enable access to a wider 

range of possible funding opportunities. 

4.4. Initial scoping and flood risk appraisal 

4.4.1. Overview 

97. The initial scoping exercise is required to better define the main issues as well as to establish consensus 

on the overall direction of the IFRM plan. As an inception phase activity to preparing an IFRM plan, this 

initial report is to be based largely on desktop appraisal plus stakeholder consultation. The output needs 

to include an assessment of the data available, what data needs to be acquired, the specific questions 

that need to be answered with further analysis and modelling, and a detailed workplan for the next 

phases. 

4.4.2. Rapid appraisal 

98. To answer the questions, where are we now and what are the main issues, a rapid appraisal of the flood 

condition is required. Table 2 outlines the key elements.  
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Table 2: General Issues to be considered in the rapid appraisal of a river basin 

Issue Content 

General context  Describe the general context of the river basin and areas of 
interest. Generally, define the physical scope of the IFRM plan.  

Administrative context Identify the administrative context in terms of location, provinces, 
major cities, municipalities and international boundaries  

Flood history Describe the flood affected areas and types of flooding involved 
(e.g. pluvial, pluvial, coastal, flash flood, groundwater, GLOF or 
dam break).  

Generally, describe impacts and losses from notable recent 
events. 

Drivers and trends Describe the drivers affecting flooding and losses such as 
increasing urbanization, population increase, changes in 
watershed land use, changes to the conditions of waterways. 

Flood infrastructure Identify major infrastructure features, such as dams, barrages or 
dike systems that function to manage flooding. 

Institutional, legal, regulatory 
frameworks and flood policy 

Identify the key institutional arrangements, fields of responsibility 
and any coordination body such as a river basin organization. 
Distinguish between core flood management agencies and other 
relevant stakeholders. As relevant, identify critical areas for 
developing capacity and the commitment to institutional reform. 

Existing IFRM plans and or 
previous and ongoing projects 

List any relationship with the current plan as well as major projects 
in the past, planned or ongoing projects. 

Environmental, social and 
economic 

Describe social dimensions, environmental considerations, as well 
as economic landscape and outlook.  

Overall appraisal Prepare a short overall appraisal of the situation, including major 
issues, constraints, challenges, opportunities, reforms, strengths, 
and risks.  

 

4.4.3. Stakeholder engagement 

99. Comprehensive and timely stakeholder engagement is a core element of IFRM but without careful 

planning and organization, the process can easily be sidetracked or overlooked. Identifying and mapping 

stakeholders can use a variety of methods, with the PESTLE method often used: Considering how IFRM 

plans might impact stakeholders in political (e.g. elected government), economic (e.g. businesses), 

sociological (e.g. communities), technological (e.g. utility companies), legal (e.g. land use legislation) and 

environmental (e.g. wildlife) spheres.  

100. A clear stakeholder engagement plan is required at inception to identify the stakeholders, and their roles, 

responsibilities, and expectations in relation to the IFRM plan. Separate sub-groupings may be required 

depending on the task, for example at certain milestones there is a need for coordination with leadership 

to confirm overall direction and decision making, and at other times the inputs will be more technical. It is 

important that stakeholder groupings are arranged well according to what is expected and that the 

participants are appropriately qualified and empowered.  

101. Engagement approaches will be significantly varied depending on the scope of the IFRM plan, physical 

and political geography of the target location. As such, formal community meetings through to social 

media posts can be utilized but it is important to make use of strengths of both "bottom-up" approach and 

"top-down" approach in determining the appropriate mix. However, the key is to ensure that consultation 
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does happen regularly and with round-table workshops where various stakeholders’ concerns can be 

voiced. That said, the process needs to keep gender, religious and cultural differences in perspective.  

102. Major decisions made on policy or actions in the IFRM plan require participation and buy-in from the key 

stakeholders. This is particularly important when the overall flood risk management strategy relies on 

some of the softer, less traditional measures. For example, if mangrove restoration is a key element for 

coastal flood risk management, then it is likely that local communities will need to take on some form of 

custodial role to look after the mangroves. Consultation will be required to ensure local communities’ 

consent to this role and agreements will be required to set out operational rules, procedures and possibly 

an endowment. Compare this with a more traditional hard structure approach for flood defense which is 

designed, constructed, and managed by a central government authority. Innovative local level responses 

for managing flood risk will always require local level cooperation and support (and therefore their voice 

is required during the decision-making process). 

103. It is important also that as flood information becomes available during the course of the study this needs 

to be made readily accessible to a wide range of stakeholders including government (decision makers, 

flood risk managers, land-use planners, emergency managers), non-government entities (infrastructure 

providers, insurers) and the community to provide the basis for informed decisions on investing in 

floodplains and managing flood risk. 

4.5. Technical investigations 

4.5.1. What makes a good technical investigation? 

104. The technical studies are required to better understand flood risk as well as to investigate flood 

management measures. Many references are available to describe how to conduct technical 

investigations and rather than repeat this, more relevant to this Practical Guide is to step back and 

consider what makes a good investigation. How can it be designed, managed and applied to achieve the 

function required? Ultimately, flood studies have two main purposes: firstly, to provide information which 

aids understanding of the situation, and secondly, to provide the tools which aid selection and design of 

flood management interventions. 

105. The following discussion considers the key elements which shape whether the technical study will be 

successful. The questions to consider are: 

• Is the study technically sound? Is it robust and reliable? 

• Is it practical? Has it answered the right questions and contributed to the understanding? 

• Is it applied? Are the tools developed in the study usable, for example to assess options to 

assist the planning process? 

• Is it inspirational? Does the technical study reveal anything unexpected or interesting that 

promotes innovation or transformation in a way of thinking? 

• Is it sustainable? The information provided in the study will need to be updated periodically and 

the usability of tools should persist long after the study is complete. Is it clear how the data and 

the tools will be maintained? 

4.5.2. Is the study technically sound? Ensuring that it is robust and reliable 

106. The decisions made in the IFRM plan need to be based on robust and reliable information. To deliver this 

the study requires a sound technical basis. The majority of industry standard tools use well-proven 

methods; the challenge is typically associated with the quality of the data upon which they rely and the 

quality of the specialists using the tools and data.  



 

 34 

 

107. The quality of data and its reliability will have a major influence in the way the technical study progresses. 

At the start of the flood assessment process, it is unlikely there will be sufficient data to complete 

investigations; gaps will exist. Particularly in the DMCs, national level organization of data will be mixed, 

the extent and quality of the data will probably be insufficient and seldom freely available. Establishing 

partnerships with leading technical agencies or institutes is a common approach for accessing data as 

well as establishing a counterpart technical home for the IFRM activities. Typical data requirements are 

listed in Box 5 with many of these items elaborated on in the template Terms of Reference provided in 

Technical Note 3 Template ADB Terms of Reference (ToR) for IFRM Projects. 

Box 5: Typical data requirements for flood investigation 

Historic information: 

• Records of previous flood studies. 

• Records of historic events including information on the weather systems that have produced 

flooding, such as flood mapping, peak flood flow measurements, aerial flood photography, 

satellite imagery and flood levels, as well as resulting damages and loss of live.  

Source: 

• Data from rain and river gauges, tide gauges and dams. 

• Details of catchment and/or coastline conditions, land use and forest cover. 

Pathway: 

• Topographical information (ground level survey, feature survey, and bathymetric survey). 

• Details of major infrastructure that function to influence flow and flooding, such as dams, 

barrages, major drainage works, and sea wall and dike systems.  

Receptor: 

• Urban and industrial areas as well critical infrastructure (roads, rail, airports, ports) and other 

land uses that will potentially be affected by flooding, and areas of interest such as from a 

cultural, heritage and environmental perspective. 

• Regional and municipal development plans, projections for future land use change. 

• Information that would be useful to the assessment of impact and losses from flooding, which 

includes spatial information on population and socio-economic status as well as loss 

information collected from previous events.  

108. A distinguishing feature of a high-quality technical investigation is the way that data are collected, 

reviewed and verified. All data has some inherent uncertainty and some skill and judgement are required 

to work with this uncertainty so that the information derived from this data can be considered reliable. 

Confidence in data can be improved with fieldwork to examine sites and discuss issues with data 

collection agencies. Additionally, cross-checking is required from a variety of sources as well as a basic 

verification process, such as checking that datums for river heights from a ground survey are consistent.  

109. Technical investigations typically include models to assist the decision-making process. Models will vary 

in complexity and data needs which should be commensurate with the data availability and study 

objectives. Models employed may consist of: 

a. Hydrological model – modelling the land-based component of the hydrological cycle (e.g. 
rainfall-runoff), either in a continuous mode or in event mode, 

b. Hydraulic model - modelling the system hydraulics (water-levels, flows, velocities), either 
in 1-dimensions, 2-dimensions or 3-dimensions in space, and dynamic or steady state, 

c. Other models – of environmental (ecology) or physical processes (e.g. sediment, 
groundwater), 

d. Economic model – of the benefits and costs.     
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110. Reliability in modelling starts with a clear understanding of the physical system and a logical approach to 

the representation of system in a schematized model. Misrepresentations in the model structure 

introduced at development stage can invalidate the results, hence careful checking and review is required 

at this stage. Confidence in model results comes through calibration and verification with available 

recorded data. Reasonableness checks on calibration parameters provide confidence that the model is 

functioning correctly. Conversely, unusual or unexplainable parameters obtained during calibration are 

indicators that something might be wrong in model assumptions or data and need to be investigated 

further and explained. It is however important to add that data are not always available for calibration. 

This is where the importance of a field visit to meet local communities to discuss previous flooding can 

add significant qualitative evidence for whether the model results are ‘sensible’ or not. 

111. Once developed and calibrated, models need to be set up to simulate the design scenarios. For a flood 

model the purpose is to generate an output variable, such as flood level, which has some statistical 

significance, for example the flood level is indicative for a 1% annual exceedance probability (AEP) event. 

The modeler needs to be able to verify that this output variable is reasonable and robust across the 

domain. This requires some assurance that no bias has been introduced by the assumptions made with 

the model setup and input variables, such as catchment rainfall (including catchment losses and areal 

adjustments), initial reservoir water level and operating mode, and water level at the downstream 

boundary. Both deterministic and stochastic modelling approachesxxiv,22 should be considered to provide 

this assurance that model outputs can be considered reliable. Sensitivity testing over a range of input 

conditions should be conducted to confirm the robustness of the results. 

112. The modelling report needs to demonstrate the veracity of the process to provide assurances to users. 

Included in this should be a discussion of the assumptions in the method and the limitations of the results. 

Where possible, a variety of practical comparisons should be made with real world data sufficient to be 

able to reassure a non-specialist that the model is capable of a reasonable representation of reality. 

4.5.3. Is the technical study practical? Ensuring that it contributes to understanding 

113. Models of complex physical systems are typically embedded with layers of very detailed technical 

information, and it is the skill of the modelling team working with the flood management planners to extract 

this information and present it a way that brings it to life. A major purpose of the model is to improve the 

understanding of system to inform intelligent decisions on flood risk management. Getting the most from 

what a model can provide is a challenge and it can be a weak point in flood investigations. Simple models 

may be easy to setup, quick to run and easy to interrogate, but may not provide the level of detail required. 

Complex models may be more accurate, but demand significant resources (data and effort) and are much   

more difficult to manage and troubleshoot. Often a variety of models will be necessary at the various 

stages of the study. 

114. Maps are the most common form of communicating model outputs. Typical two-dimensional hydraulic 

models can provide detailed mapping of range of output parameters which will have many uses for a 

range of recipients. Typical parameters for flood maps include peak event flood extent, flood depth, flood 

level and flow velocity. A range of variants beyond this are possible, depending on the user’s field of 

interest. This includes maps showing direction of flow, flood duration, the product of depth and velocity, 

EAD and so on. When combined with mapping of other land features the flood maps can be extremely 

useful for broad range of applications, such as:  

 
xxiv Renard, et al., 2013 (reference 22). gives a thorough description “a deterministic model is one in which state variables are uniquely 
determined by parameters in the model and by sets of previous states of these variables. Therefore, deterministic models perform the 
same way for a given set of parameters and initial conditions and their solution is unique... Conversely, stochastic model parameters are 
described by random variables or distributions rather than by a single value. Correspondingly, state variables are also described by 
probability distributions. Thus, a stochastic model yields a manifold of equally likely solutions, which allow the modeller to evaluate the 
inherent uncertainty of the natural system being modelled.” 
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• Improving the understanding of extent of flooding and the functional areas of the floodplain; 

• Informing communities of flood likelihood and hazard; 

• Consideration of breaches in defenses and associated impacts; 

• Supporting the planning of flood response actions including evacuation; 

• Informing urban planning to avoid areas of high risk and avoiding creating impacts to others; 

and, 

• Appreciating the impacts of climate change. 

115. Maps need to be available in a digital form preferably on a web-based platform that is widely accessible. 

116. Going beyond just maps of static information, dynamic hydraulic models have significant value for 

conveying a more comprehensive understanding of the flood formation. Two-dimensional video 

animations of the progression of the flood wave across the catchment are informative for understanding 

the sources of inundation, how the flood progresses, and how areas of the floodplain link together. For 

example, an animation can help identify the initial source flooding, whether from break out flow from the 

river channel, ponding of local rainfall, or flooding from tributary waterways before they connect with the 

main river. Understanding the detailed mechanisms is the starting point for developing flood risk 

management solutions. A more in-depth understanding of the critical points in the floodplain will lead to 

more detailed questions to be answered by interrogating the model results.xxv 

4.5.4. Is the technical study applied? Ensuring that the tools developed are usable 

to assist the planning process 

117. This issue concerns the tools that the technical study provides to support the preparation of the IFRM 

Plan. Development of the plan will require optioneering, that is, the testing of a range of different flood 

management options to compare relative benefits and costs. The flood model suite (e.g. hydrology model, 

hydraulic model, or coastal model, economic model) provides the means to investigate the effect of an 

option in terms of the impact on flooding (flood level, depth, velocity, extent etc.) but some additional 

analysis may be required to examine how this change will impact on lives, property, infrastructure, 

agriculture etc.  

118. With continued improvements in access to datasets on population, housing, socio-economics etc., flood 

damage models are emerging as feasible and practical tools for investigation of flood impacts. The 

unresolved difficulty is establishing depth-damage relationships based on locally relevant data.xxvi Loss 

data from international sources do not translate well to most DMCs. Nevertheless, in the absence of a 

detailed economic loss model, other proxies for loss can be applied, such as number of houses affected, 

number of people, area of crop and so on. The point is that the usefulness of the technical study can be 

greatly enhanced if the tools inform a detailed assessment process.  

119. It is noted that in the DMCs the application of flood models as tools for the systematic assessment of 

options is often a weak area. Capacity building is required for training local practitioners in the approach 

used, as well as to improve access to data and the analysis tools.  

4.5.5. Is the technical study inspirational? Promoting innovative solutions 

120. With increasing populations, rapid urbanization and other influences such as climate change, the flood 

threats in Asia are continually increasing. Since the financial resources available are rarely sufficient, 

 
xxv For the situation in which the modeling specialists are from a contracted firm, it is necessary to build into their terms of reference 
some flexibility to allow for an iterative two-way conversation about the model results. At the time of contracting it’s not possible to know 
exactly what information the model may convey hence additional time should be allowed at this stage.  
xxvi This point is discussed in the accompanying Technical Note 1 to this Practical Guide, entitled “IFRM Economics”. 
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more needs to be done with less. That is, innovative solutions are required for increasingly complex 

problems. Experts who often will spend months conducting a flood investigation need to keep this in mind.  

121. By the time the flood study is complete, the flood experts will have acquired an intimate knowledge of the 

river basin that few others will possess. To take advantage of this, the practitioners preparing the IFRM 

plan should work closely with the flood model experts to promote an environment favorable for generating 

new ideas and deriving new solutions. Occasionally, unexpected opportunities emerge from the analysis 

and these should not be wasted. 

4.5.6. Is the technical study sustainable?  

122. Maintaining sustainability of data and tools is often a weak point for technical studies in the DMCs. Flood 

studies require a high-level specialist expertise as well as investments in software and equipment. While 

this capacity is likely to be available in universities, technical institutes and consulting firms, it is unlikely 

to be available in the government departments that commission the work. While it is common to include 

some time for training and technology transfer in the services contract, it’s unlikely ever to be sufficient 

to fully ensure sustainability of data and tools. 

123. Flood (hydrological/hydraulic/economic) models are time consuming to prepare and expensive, and 

therefore should be considered as valuable assets for future use. To remain useful, models should be 

updated as new data becomes available. Retaining capacity to make these updates is desirable but often 

difficult to achieve. At the very least, client organizations should require transfer of all databases, models 

and perpetual licenses to run them, a model report with well documented meta-data and an example of 

how to run the model, and the results at the conclusion on the study. At least then they can retain control 

of the information which will be valuable for future studies. 

124. Sustainability for specialized studies is likely to remain a problem and should be included during the early 

stages of planning. 

4.6. Exploring solutions and building a plan 

4.6.1. Desirable attributes for an Integrated Flood Risk Management Plan 

125. At this point in the process for developing an IFRM plan, it’s assumed that a working group has been 

established and they have engaged with stakeholders, defined a purpose for the plan in the broader 

context of the region, and identified issues, problems and root causes as well as commissioned studies 

to provide information and develop tools. Guidance on what may be useful for an IFRM plan to be 

developed from this point in the process are outlined below. 

126. Firstly, consider what attributes are desirable in a well-informed plan: 

(i) Relevant. The overall of goals of the plan have been developed with a range of stakeholders 

and in consideration of a broad regional context to create real impact with long-term benefit. 

(ii) Effective. The plan specific objectives have been well defined and that the interventions 

proposed will clearly contribute to achieving these objectives. 

(iii) Efficient. Plan development has considered a wide range of possible options and the 

selection process targets best use of available resources to achieve objectives. 

(iv) Balanced. The plan is balanced regarding all elements of flood risk (hazard, exposure and 

vulnerability) and interventions account for residual risk as well as avoidance of new risk.xxvii  

 
xxvii One needs to consider also that trade-offs may be required. For example, it may be more efficient to focus on one element that 
works well rather than try to be too ambitious and too complex. 
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(v) Feasible and sustainable. The proposed inventions are not only feasible for implementation 

with available resources in the required timeframe, but also sustainable in the long-term. This 

includes funding for operations and maintenance as well as general asset management. 

(vi) Acceptable and implementable. The plan interventions do not create undue adverse 

impacts for the environment, land acquisition or indigenous peoples and any resettlement is 

managed fairly. The plan minimizes potential conflicts with ADB’s policies on safeguards.  

(vii) Integrated. The plan takes a smart approach to integration to take advantage of possible 

synergies with other sectors as well as maximize opportunities for a variety of funding 

sources, including bilateral donors, multi-lateral banks, grant funds (e.g., GCF) as well as the 

private sector. 

(viii) Inclusive and fair. The plan needs be carefully crafted to ensure that it is inclusive for all 

sectors of society. Not only does this mean the spectrum of poor to rich but also specific 

issues that contribute to vulnerability such as gender and people with disabilities. 

(ix) Innovative and transformational. An IFRM plan will lead the way for innovation in the sector 

(such as with NBS) as well as promote transformational change in response to emerging 

threats such as climate change.  

(x) Consistent and coherent. The plan is consistent with government policy and priorities as 

well as prepared coherently with other programs and projects in the region. 

4.6.2. Identifying solutions 

127. Developing solutions and defining a plan is an iterative process. The starting point will be the overall goals 

and specific objectives developed at the initial stage. While the scope of individual solutions will depend 

on the amount of funding and timeframes available, the first pass assessment should take a bird’s eye 

view of the river basin and look for innovative ways to address the big items. It should consider both the 

opportunities to maximize benefits and the ways in which to reduce potential losses and hardship. Further 

iterations should work down from this and most importantly, fine details should be skipped over and left 

for a later stage. 

128. Working with the definition of flood risk, solutions should be sought which balance hazard, exposure and 

vulnerability. A list of possible starting points which mainly address hazard is shown in Box 6. This is by 

no means exhaustive and most appropriate direction will vary a lot depending on the actual river basin 

conditions.  

129. A more detailed examination of the issues for land use planning and urban flood risk management is 

covered in Chapter 5, and individual types of interventions which would be developed into a flood risk 

management scheme are discussed in greater detail in Chapter 6. Land use planning approaches are 

less about aspects that can be controlled, constructed or procured and more about influencing the 

institutional setting and systems. 

130. Addressing vulnerability typically requires a mix of technological, financial and social approaches. 

Enhancing hydrometeorological data collection, forecasting and flood warning systems is a highly 

technological approach in a field that is changing rapidly. Updating technology, enhancing the data 

collection and developing more integrated systems is likely to be a priority in most DMCs. Improved 

capacity for forecasting and early warning saves lives and reduces losses and is one of the prime tools 

for addressing residual risk. Return on investment is typically high but it demands high technical capacity, 

hence training, with follow-up and support being key issues for sustainability.  

131. Programs which enhance forecasting and early warning should also be integrated with strengthening 

response capacity at national and local levels. Having a forecast is a good first step but its effectiveness 

derives from knowing what it means and how to respond. At the national or regional level this means 
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having the capacity and understanding to be able to interpret the forecasts and formulate a warning as 

well as having the equipment and facilities available for coordinating the response. At the local level, 

response starts with awareness of the potential for flooding followed up with preparation and readiness. 

During an event, lines of command and control need to be clear, and communities need to be equipped 

and informed on appropriate actions such as evacuation. Community awareness, preparation and 

response initiatives need to be designed inclusively and give special attention to groups within 

communities who may be more adversely affected such as women and children. A separate KSTA 

Technical Note 6 Gender and Social Inclusion Dimensions of Vulnerability investigates this further. 

132. Individual insurance reduces vulnerability by enhancing the financial resources available for immediate 

recovery. In most DMC’s awareness of flood insurance is growing but uptake remains low. A separate 

KSTA Technical Note 7 Guide to Insurance discusses these issues more thoroughly.  
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Box 6: Questions to consider while developing interventions for flood risk management 

Main river system  

• How did the floodplain function pre-intensification of human settlement? Are there natural floodplain flow paths 

connecting to wetlands or natural storage areas? Can these systems be restored or enhanced? Are there 

potential benefits for both the environment and agriculture? 

• Has the existing flood management system been reviewed? Is overhaul maintenance or upgrading required?  

• What are the main sources of general flooding? Such as breakout flows from the main rivers, local pluvial 

flooding, flows from tributary streams which cross the floodplain. How can these be managed better? 

• Where are the main controls in the floodplain, such as, breakout points from the river or constrictions formed 

by culverts through road or rail embankments? How sensitive is the flooding to changes at these control 

points? 

• What are the opportunities to slow flood wave transmission through the system by increasing storage in upper 

and middle reaches? Consider “room-for-river” setbacks of river dikes, expanding the width of the river 

channel at high flow, and providing designated areas for off-line temporary storage during periods of flood. 

• Are physical measures such as flood protection dikes suitable for densely populated areas? Look for 

opportunities to combine dikes with other infrastructure such as roads. Is budget available for O&M? Consider 

“what if” scenarios with dike fragility analysis. 

• Can the forecasting, warning and response systems be upgraded, particularly for protected areas?  

• What are the current practices for riverine sand and gravel extraction from the river and is this adversely 

affecting the stability of riverbanks and coastal areas? Consider alternative practices such as moving sand 

and gravel extraction off the main watercourse. 

Upstream watershed 

• What is the condition of the major reservoirs in the system? Are there opportunities to update rule curves and 

operational procedures to enhance flood storage? 

• Are additional reservoirs planned for irrigation, water resources or hydropower? What impact will these have 

on downstream flooding? Is there an opportunity to provide input to the design? 

• What are the opportunities to promote watershed management to control sediment runoff? Is there a 

mechanism for payment for eco-system services or improved coordination with forest management agencies?  

• Review agriculture and land management practices for sediment and runoff control. Are there opportunities 

for temporary retention of runoff for “re-hydrating the earth”? 

Urban areas 

• Where is the “low-hanging fruit”? Which areas frequently flood but could be remedied with relatively simple 

drainage works? Phase drainage improvements by starting at the downstream end and working upwards. 

• For both existing and proposed new urban centers and industrial areas, has a risk assessment been 

conducted to identify required levels of flood immunity? 

• Can the practices for urban planning be improved to promote use of flood-free or low-risk land as well as 

control intensification of high-risk areas? 

• Can development and building controls be improved to limit the impact of flooding on new development as 

well as limit impact to existing areas? 

• Do river basin tributary streams cut through existing urban areas and contribute to urban flooding? Can these 

streams be diverted around the urban area? 

• What are the opportunities to enhance storage and temporary detention in the urban drainage network 

(particularly in the upper and middle reaches)? 

Coastal areas 

• Has a risk assessment been conducted for coastal flooding? Large events are infrequent but can be 

particularly devastating and often there is little local knowledge or memory of these. What are the options to 

reduce risk, including mangrove restoration, sea walls, planned retreat, etc.? 
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4.6.3. Prioritization: Getting from options to recommendations 

133. Moving from option to prioritized activities requires further assessment of the benefits and cost of each 

options proposal. At this point tradeoffs emerge; therefore it is necessary to engage with stakeholders to 

look at the practical issues such as feasibility, acceptability (disruption), marginal cost versus marginal 

benefit, possible conflicts and environmental and social benefits. Additionally, engagement with the 

community enables people to provide opinions and raise concerns that can be considered in decision 

making. 

134. The ADB Safeguard Policy Statement (SPS), approved in July 2009 and effective in January 2010 will 

also impact on option prioritization. The SPS builds upon three previous policies for environment (2002), 

involuntary resettlement (1995) and indigenous peoples (1998) and brings them into one consolidated 

policy framework. The rationale for the SPS identifies that while infrastructure development projects are 

intended to benefit large numbers of people in DMCs, unless well managed, they can pose severe 

economic, social, and environmental risks on affected communities and affect vulnerable group and the 

poor disproportionally. Therefore, ADB’s SPS commits to avoid, minimize, mitigate, and compensate for 

the adverse impacts through well designed and appropriately implemented plans regarding 

environmental management, resettlement, and indigenous peoples. The overall principal is “Do No 

Harm”. How SPS and the IFRM framework interact is discussed in detail in Technical Note 4 

Environment and Social Safeguard considerations in ADB Flood Risk Projects. 

135. Additional studies for economic analysis may be required to examine the net benefit for the suite of 

solutions as well as the incremental (marginal) benefit of specific options. The economic analysis provides 

a tool to support difficult choices, for example how does one compare the net benefit of many small 

interventions that reduce small losses from frequent events with large major works that influence only 

very infrequent events but result in considerable avoided losses. This should also include some 

consideration of tangible benefits (avoided losses) with intangible benefits (improved public health, better 

security). Further reading is available in Technical Notes 1 and 2, covering IFRM Economics and the 

Economics of FFEWS respectively.  

136. Tools such as multi-criteria analysis can provide some structure to the process, but selection needs to be 

conducted in a fairly flexible manner with focus on the items listed in Section 4.6.1 as desirable for an 

IFRM Plan.  

4.6.4. Developing a successful IFRM plan 

137. The IFRM plan needs to outline not only what measures are proposed to manage flood risk, but also how 

they are to be implemented. This involves the development of a prioritized action plan and implementation 

strategy. Issues to consider include: 

• The priority ranking of measures, staging and timeframe for implementation; 

• The responsible implementing agency including their agreement to include this in their planning; 

• Estimated costs and likely source of funding; 

• Any constraints or preconditions that need to be met, such as additional studies or actions 

required to mitigate impacts (such as environmental or social impacts) or actions required 

before physical construction can start (such as land acquisition and compensation); 

• Any interdependence between actions (e.g. works that need to be linked with other items in a 

certain order);  

• Any interim measures necessary before implementing a portion of the plan; 

• Key indicators to measure plan implementation as well as for monitoring and evaluation. 
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138. Importantly the plan should include discussion of the institutional issues or capacity constraints that may 

affect implementation. The plan is more than just a list of actions to be carried out, it is a vehicle for more 

sustainable change. This will include support for institutional strengthening taking into account both plan 

implementation as well as long-term improvements to organizational arrangements. Capacity building 

should be integrated with the plan actions to ensure all levels are empowered and capable of delivering 

the improvements proposed in the plan. 

4.7. Financing for Integrated Flood Risk Management  

4.7.1. Financing Gap 

139. A well-constructed IFRM plan is of little use without financing. Recent research conducted for JICA 

reveals a significant gap between funds allocated and investment needs for flood protection in Asia23. 

Data from nine Asian countries (including Bangladesh, India, Indonesia, Pakistan, and Viet Nam) 

revealed a total investment of US $33.6 billion in flood protection, or 0.21% of GDP (in 2015). The 

researchers estimated that the annual demand for flood protection infrastructure was in the order of US 

$94.5 billion per year for the period 2016-2030. Thus, the annual financing gap between future needs 

and current investment is around US $61 billion per year. While the amount of investment varied 

considerably between the different countries studied, the general conclusion was on average funding was 

only about 36% compared with need.  

140. This research implies that the impact of the funding shortfall will be a growing financial burden from flood 

losses. Governments, therefore, have a responsibility to address this problem by increasing available 

funds which will require the use of more domestic financing as well ODA, climate change adaptation 

financing, insurance markets and private financing. 

141. The need to accelerate funding in response to climate change is a global priority. ADB estimates that 

developing Asia will need to invest USD 1.7 trillion per year if the region is to maintain its growth 

momentum, eradicate poverty, and respond to climate change. Estimates from World Bank indicate that 

with less than 0.5% of GDP, adaptation could remove around 70% of climate change damages by the 

end of the century, at a cost that would leave net damages reduced. And the Global Commission on 

Adaptation estimate that investing €1.5 trillion in early warning systems, resilient infrastructures, improved 

dryland agriculture and crop production, protected mangroves, and resilient water resources could create 

close to €6 trillion in benefits, a 4-fold return on investment. 

4.7.2. Capital Expenditure for IFRM 

142. Given that sources of funding are limited, there are obvious incentives to innovate in the selection and 

design of IFRM solutions to optimize capital expenditure (CAPEX). As discussed previously, the most 

efficient initiatives will be those that seek to avoid or minimize flood losses by limiting exposure (e.g. 

through land use planning) and reducing vulnerability (through community awareness and economic 

development). Advances in technology also provide opportunities to do more with limited resources. For 

example, cheaper hardware and easier access to the communications network in remote areas lead to 

better systems for flood forecasting and warning. Satellite-based earth observation can help identify 

trends in precipitation, evapotranspiration, snow, and ice cover/melting, as well as runoff and storage, 

with application for both water resources management and assessing catchment antecedent conditions 

which affects runoff and therefore flood hazard. 

143. Efficient use of funds also requires a smarter approach to investment. For example, a standards-based 

approach in which an arbitrary level of flood protection is pursued at all locations regardless of actual risk 

is very inefficient24. Modelling and analysis, including sound technical and economic analysis, is required 

to exclude wasteful options and to ensure an overall net economic benefit. Furthermore, projected 

benefits from investments will only be achieved with commitment to sufficient ongoing funds for O&M. 
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144. Increasingly, the application of NBS is seen as an opportunity to reduce capital costs. For example, a 

comparison of costs between conventional and bioengineering solutions for riverbank protections 

systems in rural Viet Nam identified a saving of 40%xxviii. Furthermore, while the efficiency of conventional 

grey infrastructure will reduce with time (as engineered materials and equipment have a limited life), the 

efficiency of ecological and nature-based solutions improves as the vegetation grows and ecological 

systems become established and self-sustaining. 

145. It is quite likely also that a combination of green and grey engineering approaches will increase 

opportunities for savings in CAPEX while also opening doors for additional sources of funding. Intuitively, 

financing follows value creation and that the benefit streams (types and recipients of benefits) will typically 

drive the financing sources available. Additional revenue streams or other added value from community 

oriented NBS approaches can potentially attract co-financing by local stakeholders, which can help 

support local commitment to the success of the measuresxxix.  

146. It is stressed that total costs need to be considered, incorporating construction as well costs for 

environmental and social safeguards. For example, while a room-for-river approach for flood 

management may reduce capital costs for construction, it may result in high land acquisition and 

compensation costs. 

4.7.3. Operations and Maintenance for Flood Risk Management 

147. Any commitment to significant capital expenditure requires a corresponding commitment to O&M of the 

infrastructure. This is particularly an important issue in DMCs which may readily accept loan and grant 

financing for large capital expenditures but perhaps lack sufficient ringfenced funds for the follow-up O&M. 

For some types of infrastructure, such as irrigation works 

or roads, it may be possible to accept that the lack of 

maintenance will result in a progressive deterioration in 

serviceability, ultimately leading to a significant overhaul 

or reconstruction works. By contrast, the consequences 

of ignoring O&M in flood risk management works can be 

catastrophic. For example, a well-maintained flood 

protection levee will reduce flood risk, while a poorly 

maintained structure may increase risk compared with 

the pre-construction scenario. It is reasonable to expect 

that the construction of the levee will encourage urban 

development in the protected area, which increases the 

exposed population at risk of levee failure due to 

inadequate maintenance. In other words, the 

requirements for a guarantee on funding for O&M by a 

DMC is stricter for a flood risk management intervention 

than for other types of investments.  

148. The inclusion of O&M requirements is an essential component of the design and needs to be included in 

the financial analysis. Typical components include: 

• A program for routine surveillance of the infrastructure to identify and monitor possible 

problems which may increase with time; 

• Specific surveillance following large flood events to identify damaged areas and to schedule 

repair works; 

 
xxviii ICEM 2017, natural solutions to erosion control in Viet Nam – Case studies from the Northern mountainous region. Prepared for 
ADB project on Promoting Climate Resilient Rural Infrastructure in Northern Viet Nam. 
xxix Asian Development Bank, 2021. Guidelines for Mainstreaming Natural River Management in Water Sector Investments. 
https://dx.doi.org/10.22617/TCS210242-2 

Figure 8 FRM infrastructure requires ongoing programs 

for inspection and review 
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• Budget allocation for routine maintenance, such as removing or trimming excess vegetation 

and testing maintaining any moving parts (e.g. gate structures); 

• Budget allocation for periodic overhaul maintenance as critical items such pumps and 

mechanical systems start to experience wear and their performance declines. 

149. Given the critical importance of O&M, actions need to be proactive rather than reactive to ensure that risk 

and consequences can be reassessed. Over the design life, not only is the likelihood of structure failure 

increasing due to potential deterioration of the infrastructurexxx, but also the potential consequences due 

to urbanization or other changes in land use. The assumptions that were made at the time of the original 

design may no longer be valid in the years following, therefore necessitating a reassessment and 

potentially a revision of the FRM approach. This may include strengthening the actual works or applying 

a new combination of FRM measures. Periodic reassessment of flood risk is required taking into account 

the probability of failure (using condition assessment) and the consequence of failure, considering 

exposure and vulnerability. If it can be demonstrated that the risk has increased significantly, it would be 

prudent to re-assess the entire flood risk strategy for the location and possibly propose a new investment 

plan. 

4.7.4. Source of finance for IFRM 

Governments 

150. Funding of IFRM projects is a significant issue for governments as part of the balance of national priorities. 

The funding needs are clear in terms of reducing economic losses and human impacts of flood disasters, 

which in-turn provides greater economic and social security. Unlike other investments such as toll-roads 

or water supply and sewerage schemes, IFRM measures do not generally create revenue streams from 

the beneficiaries, therefore the economic rationale for the investment is for safer and economically 

sustainable communities. Further discussion of the economic consideration is provided in Technical 

Note 1 Guide to IFRM Economics. 

151. Avenues for government to raise revenue to support infrastructure investments are of three types: taxes, 

transfers, and tariffs. Of these, taxes from general revenue will tend to the most common source as 

opportunities to collect revenue by placing tariffs on beneficiaries are generally quite limited. 

152. Given the competition for limited government funds, solutions which integrate flood risk management with 

other benefits are highly desirable. Using scarce resources more effectively and efficiently will require 

increasing creativity and flexibility from government. On the issue of integration, opportunities should be 

sought to piggy-back flood mitigation works on other infrastructure projects. For example, the SMART 

tunnel system in Kuala Lumpur provides the dual function of traffic tunnel on a daily basis and stormwater 

relief system during moderate to extreme events25. Another example, an urban renewal project that seeks 

to improve public space, livability and the environment, may be relabeled as “sponge city” project that 

also integrates flood management. 

Financing Models and Instruments  

153. Loans and grants are the most common financial tools availed by national and sub-national governments. 

Concessional loans, which are loans made on more favorable terms than the borrower could obtain in 

the marketplace, are also available for ADB's poorest DMCs.  

154. Normally, grant financing is provided for technical assistance, including project preparation, 

demonstration and pilot activities and actions for promoting climate resilience. Technical assistance 

facilitates the preparation of proposed investment projects and programs. Grants help DMCs improve 

 
xxx Or due to climate change affecting the intensity of rainfall and likelihood of flooding 
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their capacities and make better use of their development resources. And in many cases, grants are 

linked with loans. 

155. In addition to financing investments, ADB funds sector development programs, policy-based loans and 

results-based loans to provide more comprehensive support to undertake important policy and 

institutional reforms.  

Climate financing 

156. Providing finance for climate change – either mitigation or adaptation – is a clear priority for the major 

MDBs as well as government and philanthropic funders. The total climate finance commitments by major 

MDBs in 2019 accounted to about US$62 billion out of which nearly two-thirds were allocated to least 

developed and middle-income countries. On average, 76% of total climate finance was allocated for 

mitigation and 24% for adaptation.  

157. In 2021, ADB elevated its ambition to deliver climate financing to $100 billion over the 2019 to 2030 

period, with $66 billion for climate mitigation finance and $34 billion for scaling-up transformative 

adaptation projects and enhanced resilience.  

158. Accessing climate finance such as from the Green Climate Fund and the Global Environment Facility can 

be competitive and challenging, especially for complex projects that transcend national boundaries. 

Bankable climate projects are those that have a clearly articulated link to climate change impacts, 

familiarity and strict compliance with funding procedures, and sometimes additional funding sources. To 

be considered bankable, projects hoping to use climate finance must explicitly address climate change's 

causes and/or consequences. Projects that communicate and address risks, and capture co-benefits in 

other areas such as health, are also considered more bankable.  Differentiated strategies that specifically 

consider the resilience needs of marginalized groups should also be built into larger water–climate plans 

and projectsxxxi.  

Private sector 

159. Without clear links to revenue generation, flood risk management projects are not particularly attractive 

to the private sector. The exception maybe in private sector reservoir development. In Viet Nam, hydro-

power companies compensate upstream inhabitants for their eco-system services by paying for forest 

management activities that limit erosion and reduce sediment loads to the reservoirs so that their design 

life is extended. The mechanism has generated nearly $400 million for improved forest protection since 

it was first piloted in 200826. 

160. Other opportunities may exist in land development, where flood risk management benefits can be 

combined with commercial benefits. An extreme and somewhat controversial example is the Giant Sea 

Wall project in Jakarta which proposes dike construction to manage coastal flood risk as well as 

development of a water reservoir, and the reclamation of land. The latter would form a center of urban 

development, to be built with private investment. 

Community engagement  

161. Many NBSs provide opportunities for community-level arrangements for sharing maintenance 

responsibilities, particularly where there are some benefits to be obtained. For example, vegetated 

riverbanks and green buffer strips could provide land for controlled grazing while mangroves can be a 

local source for small scale revenue from non-timber forest products. These types of cooperative 

arrangements can influence behavior, spur autonomous adaptation, and subsequently affect cost-

effectiveness and cost-efficiency of the project. xxix  

 
xxxi The United Nations World Water Development Report 2020, Water and Climate Change  
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4.7.5. Post Disaster Finance 

162. In response to a disaster, funding may be obtained to help reinstate normality via aid, credit, loans, 

reassignment of funds from planned expenditure or savings, insurance, reinsurance, contingent disaster 

financing and other financial mechanisms. Flood preparedness should ensure that such funds are easily 

and rapidly mobilized when the flood occurs. 

163. The most cost-effective way of financing disaster response is through a suite of tools under a common 

framework that addresses the various layers of risk — no single instrument can optimally respond to all 

disaster events, which range from frequent, small-scale events to rare catastrophic events. This requires 

a risk-layered approach, using risk information to establish appropriate and adequate financing plans for 

each layer of loss ranging from high frequency, low intensity events through to infrequent extreme events. 

Contingent Disaster Financing 

164. Contingent Disaster Financing (CDF) is a funding mechanism that offers guaranteed credit in the 

aftermath of a disaster. ADB introduced the Contingent Disaster Financing under Policy-based Lending 

in Response to Natural Hazards in 2019 to provide quick-disbursing and flexible financing for ADB’s 

DMCs impacted by disasters triggered by natural hazards, e.g., tropical cyclones, floods, earthquakes, 

droughts, and tsunamis.  

165. CDF is designed to ensure rapid access to funds at the inception phase of emergency response in the 

form of contingent budget support, to complement other emergency assistance modalities and financing 

sources. Loan processing and essential DMC policy dialogue and reforms are completed before a 

disaster occurs and recipients of the arrangement are expected to improve preparedness ahead of the 

occurrence of the event. CDF is accompanied by policy actions focusing on measures to enhance long-

term disaster resilience, which helps address the underlying sources of vulnerabilities to mitigate disaster 

risk.  

Insurance 

166. Re-insurance agencies such as Munich-re and Swiss-re have been quite active in risk assessment, risk 

knowledge development, and risk transfer. Swiss-re has pioneered new ways to tackle climate risks 

through its proprietary geo-risk tool, which provides spatial data on risks. Its risk tool called “CatNet” 

assesses the risk by combining hazard, loss, exposure, and insurance information with selected 

background maps and satellite imagery. It presents maps and data about climate change, catastrophic 

event impact, population density, etc. Swiss-re also offers insurance to communities and businesses 

against the physical impact of climate change by underwriting even the natural catastrophe risksxxxii.  

167. Munich-re has traditionally focused on covering peak risks associated with natural disasters. In the 

interest of facilitating adaptation to climate change and fostering climate-friendly technologies, it has 

started initiatives on loss minimization and prevention and developing innovative risk transfer solutions. 

It provides reinsurance products to national and sub-national governments, including municipalities. It 

partners with international development banks, donor governments, the Insurance Development Forum, 

and other stakeholders involved in developing sovereign risk transfer solutions. These include the 

provision of reinsurance to private or state-owned local insurers and consultancy services that support 

governments in assessing risksxxxiii.  

  

 
xxxii https://www.swissre.com/risk-knowledge/mitigating-climate-risk/climate-change.html 
xxxiii https://www.munichre.com/en/solutions/reinsurance-property-casualty/sovereign-risk-transfer-solutions.html 
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5. Land use planning and urban development  

5.1. Why does land and land use matter so much?  

168. Land is a critical resource. Whilst for the most part land is finite, physically fixed, immoveable, 

irreproducible, and in economic terms inherently inelastic, the use of land is changeable27. In most 

countries about a half to three-quarters of national wealth is accounted for by land, the scarcity of which 

means that value generally appreciates in the long-term. Land is a major source of collateral for lending 

for both organizations and individuals, and a source of taxation of national and local governments.  

169. The efficient use, management and planning of land is therefore fundamental to development, and a 

critical component to building resilience through IFRM. In reality, catchment planning frameworks are at 

best pixelated – comprising a patch work of plans in various jurisdictions – and at worst non-existent. 

Land use in drainage basins can be a significant determinant of flood risk. Upstream changes in land use 

– such as the abandonment of agricultural land, deforestation / reforestation, agriculture intensification 

and the shift in crop choice in response to regional and global markets, and infrastructure development 

(especially transport) – can have significant implications for drainage downstream and drastically change 

the characteristics of a flood28. Land use planning and management systems are therefore critical in 

regulating land use that can bolster or undermine IFRM.  

170. IFRM necessitates consideration of land use and land use planning and management on a basin-wide 

basis. Urban areas have received more attention in this respect reflecting: (a) the level of exposure of 

economic assets and vulnerable populations; and (b) current levels of planning and plan coverage which 

is much better established in urban than rural areas. Planning for rural areas may however be covered 

by other management instruments such as the protection of forests, wildlife reserves and parks.  

5.2. Has land use planning a role in disaster risk management? 

171. It is well understoodxxxiv that land use planning is one of the most critical tools for mainstreaming disaster 

risk reduction (and flood risk management) into urban development processes29. Disaster risk 

assessments are fundamental to this process30. The spatial expression of land use plans allows for the 

delineation of the safest areas for investment, flood protection and development zones. This helps ensure 

that land use and development is based on flood risk. Land use planning presents an opportunity to 

influence the location, type, design, quality, and timing of development31. There are significant synergies 

for sustainable urban development from planning and plans that promote flood resilient measures such 

as: low carbon growth which contribute to climate change mitigation; urban greening, ecological design 

and improved public space that enhance the aesthetic and recreational quality of an urban area whilst 

increasing the absorption capacity of more permeable urban surfaces; and the retention of wetlands that 

exploit the development of sustainable tourism and maintain natural flood retention areas32.  

172. There are several options for planning responses to risks such as flooding and climate change. This 

includes the development of standalone and/or sectoral action plans such as an IFRM plan. The 

integration of these elements into existing planning mechanisms (such as land use plans), and 

 
xxxiv Applying and enforcing realistic, risk compliant building regulations and land use planning principles is one of ten 
essential principles for building city resilience identified by The United Nations Office for Disaster Risk Reduction 
(UNDRR). Planning practice also has a strong bearing protecting ecosystems and natural buffers to mitigate floods and 
storm surges (Principle 8) and, as a method-oriented response in preparing risk assessments as a foundation for urban 
development plans and decisions (Principle 3). H. Valdés et al. 2012. How to make cities more resilient: A handbook for 
local government leaders. UNDRR 
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strengthening existing practice, will likely provide the strongest potential for systemic changexxxv. Land 

use planning is practiced in all DMCs, but it is done so with variable efficiency and with notable areas of 

weaknesses – all of which impact on the ability of the system to respond to flood risk33. Common 

weaknesses include the absence of a clear institutional framework for planning and flood risk 

management, inappropriate governance structures and poor inter-agency coordination34. DMCs report 

non-existent and outdated plans, the absence of risk-based plan development, and plans poorly targeted 

to capital investment planning and implementation. Unregulated development with little or no enforcement 

is widely reported. 

173. Challenges typical in the DMCs include:  

• The absence of a clear institutional framework for planning and flood risk management; 

• Inappropriate governance structures and poor inter-agency coordination amongst agencies 

mandated in planning, flood management and disaster risk reduction; 

• Non-existent and outdated plans, the absence of risk-based plan development, and plans 

poorly targeted to capital investment planning and implementation (including adequately 

designed drainage systems); 

• Inadequate use of potential planning instruments and tools relevant to flood risk management 

(including zoning, standards, land subdivision, urban design guidance, land sharing and land 

financing); 

• Unregulated development with little or no enforcement; 

• A lack of capacity especially at the local level to manage the planning system; 

• A lack of spatial integration in planning and controlling land use between urban and rural areas, 

and between neighboring areas; 

• A mismatch between a technocratic planning system and the political economy characterized 

by highly contested nature of urban development; 

• Pressures for real estate development and ‘beautification’ projects in flood risk areas that 

compound the insecurity of informal dwellers who are subject to eviction and/or forced 

relocation; and, 

• The lack of capacity in municipal land use planning to prevent and enforce procedures to 

prevent settlement in high-risk areas in the first place and, most significantly, the lack of 

alternative adequately located safe settlement areas, results in increasing numbers of informal 

dwellers exposed to flood risk. 

174. Land use planning measures are concentrated in the mitigation / prevention and preparedness stages of 

the disaster risk cycle, but effective risk-based planning can play an important part in recovery (for 

example through the siting of key infrastructure such as power supply and communications networks, 

water supply, food storage facilities). Table 3 sets out suggested measures that can be used by land use 

planners to reduce flood risks in the context of hazard, exposure and vulnerability.   

  

 
xxxv There has been an over-reliance on technical linear and normative processes that run in parallel to strengthen planning systems in 
general, and not enough attention to working with the grain of existing practice. UN-HABITAT Developing local Climate Change Plans: A 
process-based toolkit.  
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Table 3: Land use planning measures and the disaster cycle35 

 Hazard  Exposure  Vulnerability  

Mitigation / 

Prevention 

Protect key economic areas with 

hard-engineered structures 

Supporting integration of green 

and grey infrastructure to 

increase the flood-holding 

capacity of streets, open spaces, 

and waterways for better flood 

conveyance and drainage as 

well as water security.  

Guide urban development 

and therefore contributing to 

reducing the loss of life and 

damage to property and 

other physical assets. 

Site critical facilities / public 

assets to minimize potential 

flood damage (such as 

health, education, solid 

waste treatment facilities, 

energy facilities). 

Promote a ‘living with water’ 

approach to development 

through land use 

development guidelines and 

building codes. 

 

Preparedness Retreat from chronic flood areas 

(e.g. low-lying coastal areas or 

floodplains) and from permanent 

flooding expected from sea-level 

rise. 

Protect and preserve areas 

critical to natural drainage. 

Provide information for all urban 

projects (scale, nature and 

location) of flood related issues – 

mainstreaming land use planning 

in infrastructure projects that 

reduce episodic and everyday 

risk limiting expose of high 

concentrations of economic 

assets and population 

(especially the poor) to disaster 

risks. 

Accommodate urban growth 

and expansion in flood-safe 

areas — including through 

resettlement and 

reconstruction, when it is 

important to promote ‘build 

back better’ practices within 

a risk-based land use 

planning framework. 

Predict and provide the 

means of future flood 

resilient infrastructure 

measures through the 

demarcation of public land 

and rights-of-way, and the 

need for land assembly 

(involving the purchase of 

private land) where 

required. 

Plan preventive resettlement 

and redevelopment for urban 

growth in flood-safe areas. 

Plan for critical preparedness 

infrastructure, such as 

evacuation routes within and 

out of flood zones, open 

spaces for relief operations, 

and community shelters and 

emergency facilities. 

Designate and clearly 

demarcate protected escape 

routes and safe ‘refuge’ areas 

(including shelters and the use 

of elevated areas such as 

embankments and roads) and 

open spaces for better 

response and recovery efforts. 

 

5.3. How does IFRM relate to ADB’s drive to making livable cities?  

175. One of ADB’s core operational priorities to Strategy 2030 of ‘making cities more livable’ is part and parcel 

of the broader global drive that acknowledges the significance of cities to development36. The significance 

of inclusive and integrated urban planning, and disaster risk management, to realizing this urban dividend 

is riveted through strategies and priorities globally37. At a global level this is framed by the UN endorsed 

New Urban Agenda38 and Sustainable Development Goal 11 (“Make cities and human settlements 

inclusive, safe, resilient and sustainable”)xxxvi. ADB’s operational approach emphasizes green 

development and the so-called Five Es: Economic competitiveness; Environmental sustainability and 

resilience; Equity and inclusiveness; Enablers; and Engagement39. Strategy 2030 commits to (a) 

providing integrated solutions that are green, competitive, resilient and inclusive; (b) supporting funding; 

 
xxxvi SDG11 / 5. By 2030, significantly reduce the number of deaths and the number of people affected and substantially decrease the 
direct economic losses relative to global gross domestic product caused by disasters, including water-related disasters, with a focus on 
protecting the poor and people in vulnerable situations 
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(c) enhancing inclusive and participatory urban planning; and (d) integrating climate resilience and 

disaster risk management into urban planning processes.  

5.4. What tools exist to integrate IFRM into urban development? 

176. Land use planning and plans provide processes and instruments for determining the most efficient use 

of land to support broader economic, social and environmental goals. In principle, urban planning is a key 

instrument in shaping the medium to long-term development of a community through participatory, 

inclusive and transparent planning processes. Land use plans are widely used to spatially translate urban 

visions, priorities and policy, and provide a basis for management and control. Flood risk management 

will be one consideration among many others in the urban planning process. 

177. Land use planning is one among other tools (Figure 9) for shaping and managing the urban environment 

and should be regarded as a significant component of other ways in which the development of cities can 

be influenced and managed. 

 

Figure 9: Urban development and planning toolbox (source: Landell Mills’ KSTA Team) 

5.5. How can development be controlled and shaped?  

178. There are four critical planning functions for supporting sustainable urban development in relation to flood 

risk management: (a) controlling land use by preventing development in areas of high flood risk and in 

areas that exacerbate levels of risk; (b) promoting, directing and facilitating development in areas of least 

flood risk lowering exposure for critical assets (e.g. health and education facilities, energy supply); (c) 

allocating and reserving sufficient land for flood resilient infrastructure (e.g. water supply, drainage, roads, 

waste) including sufficient rights-of-way and land availability; and, (d) identifying, on a continual basis, 

priority capital investments that promote flood resilience (including new and rehabilitated infrastructure, 
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and ‘natural’ eco-systems investments such as afforestation and the protection of wetland and natural 

drainage basins and channels). 

179. Development control instruments regulate the location, layout, design and use of land and buildings. 

Overly simplistic flood risk instruments can increase the level of riskxxxvii. Flood risk sensitive instruments 

that promote safe location, safe construction, and safe activities can contribute to reducing the impact of 

floods and supporting recovery post-flood events40. Development control measures will differ between 

countries but commonly comprise land use plans and zoning ordinances, guidelines, standards, 

regulations and rules, and involve both mandatory components and nonbinding guidance. It will likely 

encompass land use planning, building control and land administration measures. These are separate 

technical disciplines and fields of practice (Box 7) but collectively have a significant role in shaping land 

use and development. There are a range of tools that have the potential to shape the development of 

flood resilient environments and strengthen flood risk management (Table 4) and risk sensitive land use 

planning (Figure 10). 

Box 7: Land use planning and building control41 

Land use planning 

The goal of land use planning and plans is to regulate and enable the spatial distribution of urban systems and 
activities and ensure the equitable and sustainable use of land. Land use planning will generally determine the uses 
permitted on land and the scale, massing and density of buildings. The regulatory and enforcement authority is usually 
the municipal authority (although there are exceptions). Most cities use some form of urban plan to regulate spatial 
layout. Traditionally the main activities involve administration, compliance and enforcement.  

Building regulations and control  

The goal of building control and regulation is to ensure structures are safe (fire, escape) and serviceable (water supply 
and sanitation) and meet pre-determined standards (materials, forms of construction). It is regulated at the national 
and municipal level and enforced by the relevant municipal department. Almost all countries have some form of 
building regulation in place. Building codes should be (a) realistic (given economic, environmental and technology 
constraints) and locally adapted; (b) relevant to current building practice and technology, and cost-effective; (c) 
updated regularly in line with the latest developments in understanding; (d) understood and accepted by professional 
interest groups; (e) enforced in order to avoid the legal system being ignored and/or failing into disrepute; and, (f) 
adhered to, with laws and controls weighted more on a system of incentives rather than punishment, and supporting a 
culture of compliance42. 

Land administration 

The goal of land administration systems is to determine, record and disseminate information about tenure, value and 
use of land when implementing land management policies43. It is regulated at the national and regional level (land 
departments). Land tenure and land valuation are significant for flood risk management and land use management 
processes. 

 

 
xxxvii In an analysis of the impacts of Typhoon Mirinae on Quy Nhon (Vietnam) residents of the floodplain identified urban development 
and uncoordinated infrastructure provision as causal factors in the severity of the floods. A range of structures – such as raised 
highways, dikes and rail lines – effectively created cascading flood cells described as synonymous to “a series of interconnected 
bathtubs” M. DiGregorio. 2013. Learning from Typhoon Mirinae: Urbanization and climate change in Quy Nhon City Vietnam. Institute 
for Social and Environmental Transition. Vietnam and Binh Dinh Climate Change Coordination Office. 
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Table 4: Commonly used tools to control development and shape the environment 

Measure  What does it do? Why is it relevant to IFRM? 

Zoning  A systematic and spatial means of regulating the 

types of development and use that can take place 

within an administrative area.  

Easily comprehended and represented, 

and ideally suited to the representation of 

flood zones (high risk, low risk, no risk), 

buffer zones and conservation / protection 

areas. 

Constraints imposed by flood risk are 

easily mapped allowing for consensus 

building on the directions of growth. 

Planning time horizons (typically 10-20 

years) allows zones to respond to 

changing flood hazard patterns, but IFRM 

should encourage a long-term perspective 

too. 

Planning 

Policy  

Policy statements may be included in sector (water, 

waste, transport, energy and so on), thematic (flood 

management, climate change and so on) and area-

based plans (coastal zone, catchment area, urban, 

rural-district and so on). Policies may include 

mandatory and statutory requirements (legally 

enforceable), and non-mandatory guidance.  

Local planning policy can reinforce flood 

resilient design (see ADB (2016) Nature 

Based Solutions for Building Resilience in 

Towns and Cities: Case Studies from the 

Greater Mekong) 

Area based 

plans  

Detailed master planning of local areas for brownfield 

redevelopment or greenfield development. 

Detailed master planning of local areas 

with an emphasis on flood resilience. 

Planning 

standards  

• Floor Area Ratio (FAR), also known Floor Space 
Ratio (FSR), Floor Space Index (FSI), site ratio 
and plot ratio; 

• Set backs; 

• Building height; 

• Minimum plot size; 

• Use targets. 

A significant determinant on urban density 

and urban form which in drives much of 

the demand for urban infrastructure, 

including flood reduction measures.  

Introduce or modify FAR to ensure density 

reflects flood risks. 

Modify standards on set backs, building 

height, plot sizes. 

Land 

subdivision  

Converts land into building plots or parcels. The size 

of sites is often regulated according to the permitted 

use (residential, commercial, industrial and so on) 

and will have a direct bearing on the location, 

density, layout and configuration of new settlement 

patterns. 

Provides an opportunity to reduce flood 

risk by regulating sub-division in response 

to flood risk both demarcating areas 

unsuited for sub-division (see zoning) and 

enabling settlement patterns (layout, 

density) that reduce risk. 

Building 

codes  

A set of rules that specify the standards for 

constructed objects such as buildings and non-

building structures, for which permits, and licenses 

are required. 

Integrate locally relevant flood hazard-

resilient design standards into building 

codes. 

Provide specifications for retrofitting 

buildings in high flood risk areas. 

Land-focused 

measures 

• Land acquisition; 

• Land pooling / sharing; 

• Land regularization; 

• Land readjustment; 

• Relocation and resettlement. 

Can be used to release land for the 

provision of flood mitigation measures. 

Reduce vulnerability of at-risk flood 

populations through better settlement 

design or resettlement. 
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Measure  What does it do? Why is it relevant to IFRM? 

Informal 

settlement 

upgrading  

In-situ upgrading of informal settlements based on 

hazard information and participatory risk 

assessments. It includes a range of structural and 

non-structural measures. 

Identification of low-cost flood risk 

reduction measures. Upgrade areas so 

that they are more flood resilient 

(measures may span structural 

improvements, tenure security, micro-

insurance, community savings and credit 

for building improvements).  

Urban design 

guidance  

Non-binding guidance that seeks to influence the 

design of buildings and public space based on 

principles (such as green and ecological design). 

Advocate and influence better flood 

resilient design. 

Capital 

Investment 

Planning 

Asset management and investment planning that can 

prioritize flood mitigation and adaptation measures. 

• Investment prioritization44; 

• Identify value for money flood 
intervention measures; 

• Better provision for drainage and flood 
O&M. 

Economic, 

financial and 

fiscal 

measures  

A range of approaches that strengthen financing and 

nudge behavior (compliance / non-compliance). 

• Application of measures to strengthen 
flood risk management; 

• Infrastructure financing: land value 
uplift, infrastructure levies;  

• Conditional measures: insurance, 
permits and licenses; 

• Incentives: tax breaks, holidays and 
increments to encourage development 
in low-risk areas. 

 

Figure 10: Risk sensitive land use planningxxxviii (Source: KSTA Consultants) 

  

 
xxxviii Source: adapted from AECOM 2015 – Graphic prepared as part of ADB TA 7929-REG Addressing Disaster Risks through 
Improved Indicators and Land Use Management 
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6. Measures for Integrated Flood Risk 
Management 

6.1. Overview 

180. This section of the Practical Guide focusses on the individual measures for managing food risk. The 

intention is to provide an overview of the range of measures, their function and some discussion of the 

applicability, advantages, and limitations. The chapter broadly divides measures by their relative 

contribution to the elements of risk: hazard, exposure, and vulnerability, but it is recognized that not all 

items fit neatly into just one classification. For example, flood warning mainly addresses vulnerability, but 

it also will contribute to reducing exposure if an asset or a person can be moved to avoid flooding. 

181. It is common in flood management to use the terms structural and non-structural to differentiate flood 

management measures. Structural works refer to things that are built to manage flooding and while in 

most cases this is straightforward, there are some ambiguities that cause confusion. For example, flood 

forecasting systems are typically designated as non-structural even though they involve constructed 

works for installation of field instruments combined with “soft” systems for data handling and forecasting. 

Structural items are often considered to be hard structures in concrete or earth, so there is some 

confusion whether many NBS are structural or non-structural. In addition, maintenance of existing 

infrastructure could be seen as a ‘measure’, but it is unclear whether maintenance is classified as 

structural or non-structural. 

6.2. Measures for flood hazard  

6.2.1. Introduction  

182. Measures for managing flood hazard directly influence the physical characteristics of the floodwaters, 

such as the depth, velocity, duration, or extent. Measures to reduce the flood peak typically involve 

reducing or slowing runoff, increasing storage to attenuate the flood wave, and increasing conveyance to 

allow the flood to pass at lower flood-levels. For coastal flooding, measures will seek to dissipate energy, 

reduce the momentum of the storm surge, or prevent inundation via a barrier.  

183. The typical range of measures for flood hazard are listed in Table 5 along with some brief descriptions of 

advantages and challenges. The list has groupings for river issues, coastal and urban. While the reader 

is referred to other resources for more detail on issues for design of these measures, some critical issues 

are picked up in the discussion below. 

Table 5: Common measures for managing flood hazard 

Measure Mechanism of influence and 
effect 

Advantages /challenges 

Source 

Forest restoration and 
land management in 
watershed 

May reduce flooding in small to 
medium events (impact on large 
peaks is unclear) and reduces 
sediment runoff 

Has co-benefits for environmental 
management 

Dam / Reservoir 
construction or 
enhancement 

Reduces peak flow, reservoir gates 
will allow more influence on flood 
hydrograph 

Can be very effective but requires safe 
operating procedures  
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Measure Mechanism of influence and 
effect 

Advantages /challenges 

Pathway 

Floodplain widening or 
floodplain lowering 

Enhances transient flood storage, 
attenuates flood wave, increases 
conveyance 

Requires space and management of 
temporary flooded land 

Creating / reconnecting 
side channel 

Reduces flow in main channel Potential to link with floodplain lakes or 
wetlands 

Meander restoration  Enhances transient flood storage, 
attenuates flood wave, slows 
channel velocity 

Restores natural floodplain function 

Channel widening or 
deepening 

Increases channel conveyance, 
reduces water level, may increases 
flow velocity and speed of flood 
wave 

May induce scour or channel instability 
and may increase downstream 
discharge 

Channel straightening, 
lining or removing 
obstacles  

Reduces local energy loss, reduces 
flood levels and increases flow 
velocities 

May induce scour or channel instability 
and increases downstream flooding 

Dike construction / 
restoration 

Increases waterway area, limits 
inundation of protected area, 
increases flood levels, including 
upstream 

Effective up to design flood level, 
however costly and requires surveillance 
and maintenance 

Retention and detention 
areas  

Use of storage ponds for retaining 
runoff to slow the flood wave and 
reduce flood peak 

Can be integrated into the urban 
landscape as parks or ornamental water 
features 

Restoration or 
enhancement of coastal 
forests (e.g. 
mangroves)  

Enhances energy dissipation for 
coastal flooding and reduces the 
inland penetration of floodwaters 

Mangrove restoration has multiple 
benefits for the environment, but 
management of the mangroves requires 
funds and local support 

Receptor 

Temporary barriers Acts like as dike to temporarily 
protect against flooding 

System needs to be proven and reliable 
and requires adequate lead time to 
ensure the barrier is operational 

Flood gates to prevent 
backflow into local 
drainage systems 

Works together with dike system to 
ensure separation between main 
river and local drainage 

Requires regular maintenance and 
operation and may become stuck open 
or blocked closed when fouled by debris 

Coastal dikes to prevent 
storm surge 

Prevents storm surge from 
inundating coastal areas 

Effective up to the design flood level, 
can be costly and requires maintenance 

Sustainable urban 
drainage systemsxxxix 

Basic principle is to manage runoff 
locally to reduce volume by trapping 
and promoting infiltration and to flow 
the rate of flow 

Very flexible systems with many 
secondary benefits and most suited to 
new urban areas although can be 
retrofitted 

Augment urban 
drainage system 

Enlarging the open channel or 
underground urban drainage 
system to increase peak flow 
capacity 

A typical element of progression as the 
demands on the urban drainage 
requirements increase but can be 
expensive where space is limited 

Provide adequate 
overland flow capacity 

Ensure a designated flow path for 
flooding that exceeds the capacity 
of the minor drainage system 

Typically, roads are used for overland 
flow system and there is a need to 
ensure connectivity and manage choke 
points 

 
xxxix Sustainable drainage systems also known as Water Sensitive Urban Design (WSUD) 
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6.2.2. What risk is acceptable 

184. Acknowledging that not all risks can be prevented requires some consideration of what level of risk is 

acceptable. The answer to this question will depend upon who is asked, what their experience of floods 

has been and when they are asked (for example, immediately after a flood event it is normal for people 

to be very risk averse). 

185. Ideally the decision on what risk is acceptablexl should be determined in a comprehensive framework 

which balances the consequences of the residual risk with costs and other potential impacts. In practice, 

the determining factors are the history of flooding, how well communities are used to coping, what level 

of protection communities expect (which will largely be a level similar to their neighbors or somewhat 

better than they have historically received), the cost of providing this level of protection and its 

affordability.  

186. For example, in Viet Nam, some cities, such as Hoi An, have evolved in close connection with the river 

for trade (in the past) and tourism (currently). Flooding of some sections of the city can occur several 

times a year and it is tolerated: the coping capacity is strong. In other parts of the country, such as the 

Red River Delta, flood management authorities are extremely risk averse. National standards prescribe 

very high levels of protection for river dikes: 0.2% Annual Exceedance Probability (AEP) for the city of 

Hanoi and 0.33% AEP for other rural and semi-rural areas. The level of protection may be considered 

extreme in a regional context, but it is only possible due to the very long history of constructing the existing 

dikes. The incremental cost of achieving this standard is justifiable because of the high consequence of 

overtopping failure in a highly populated area which is quite unaccustomed to river flooding. 

187. For reference, it is noted that in many western countries (including Australia and Ireland) the standard of 

protection targeted for flood protection measures for urban areas is 1% AEP for fluvial flooding and 0.5% 

AEP for coastal flooding. 

188. Although common practice in many parts of the world, it could be argued that applying a nationwide or 

regionwide uniform standard for flood protection is inefficient as it does not target resources according to 

risk or what the community wants or expects, and can place an unwarranted focus on ‘protection’ rather 

than management45. Nevertheless, in most DMCs, a standards-based approach is simpler to implement 

if nothing else because applying a uniform standard gives equality to all. However, since the 

consequences of a flood hazard are different for different communities, fairness requires more than just 

a uniformly assigned level of protection against hazard. It requires also equal attention to the exposure 

and vulnerability elements of risk46. 

6.2.3. Defining freeboard 

189. In the context of a discussion on flood protection works it is relevant to give some thought to freeboard 

because it can be a contentious issue. Freeboard is vital and it increases the cost of structures, therefore 

some careful consideration is required.  

190. Freeboard can be defined as "the difference between the design flood level and the finished floor levels 

of a development, or soffit level of a bridge/culvert. It can also be defined as the difference between the 

design flood level and the flood defense level of a Flood Protection Scheme.”47 This is shown 

diagrammatically in Figure 11. 

 
xl A way to consider what is acceptable is as low as reasonably possible (ALARP) as described in Sayers et. al., 2013 which states that 
“in the ALARP methodology, ‘practicability’ is assessed through consideration of both costs (described as all costs, monetary and 
nonmonetary) and benefits (described as all benefits, both monetary and nonmonetary). 
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Figure 11: Examples of defining freeboard related to flood defenses (top), properties (middle) and structures (bottom)xli. 

191. In determining the required height of a flood protection structure, freeboard is an amount added to flood 

levels to provide reasonable certainty of achieving the desired level of service48. In effect, freeboard acts 

as a factor of safety. However, it should not be considered as giving additional protection beyond the 

design flood level to which it is applied.  

192. The freeboard amount should take into account the uncertainty in the flood level estimation as well as the 

following factors: 

• Post-construction settlement, which reduces the long-term level of the embankment; 

• Surface erosion due to vehicles, animals or people, reducing the level of the embankment; 

• The potential for significant surface shrinkage, cracking and associated additional risk of 

failure where good grass cover and appropriate moisture content cannot be maintained; and, 

• The additional erosion caused by the overtopping of earthen structures, which can lead to 

embankment breaches. This can result in fast-rising flooding and difficult evacuation, which is 

exacerbated when there is poor access to flood-free land. 

• Wave action. 

 
xli Taken from SEPA, 2019. See endnote 47. 
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6.3. Measures for flood exposure  

193. Managing the exposure element of flood risk is to separate the assets from the flood. For fixed assets 

(including houses, buildings, service facilities, industrial areas, etc.) separation is ideally achieved during 

the planning stage. That is: land use planning is arranged to avoid high flood risk areas. In many cases 

either the area is already developed, or planning controls are difficult to implement. 

194. A more extensive discussion on urban planning is provided in Chapter 5, but for completeness the main 

measures for managing flood exposure are provided here: 

• Land use planning with zoning to avoid intensive land use in flood risk zones; 

• Development controls to ensure new developments are built to avoid flooding and their 

construction does not create impact for other existing areas that flood; 

• Building controls, such as minimum flood levels to ensure that new construction remains flood 

free or minimum distance between ground-level and floor-level; 

• House raising, to retroactively raise flood levels of dwellings; 

• Property purchase, voluntary or compulsory acquisition of flood affected properties; 

• Flood proofing, to provide some protection on an existing dwelling or building to prevent flooding 

coming inside; and, 

• Contingency planning to relocate movable assets, such as vehicles or stock, away from the 

flood affected areas in the lead up to the event. 

195. As discussed in Chapter 5, there is a lot involved in making adjustments for land use planning and building 

controls but nevertheless this is critical for avoiding exposure (and avoiding new risk). 

6.4. Measures for flood vulnerability 

196. Measures for managing vulnerability focus on ensuring that communities are empowered to respond to 

the flooding. That is, stakeholders need to know the likelihood of flooding so that communities and 

authorities can be prepared. This includes activities conducted for awareness raising and capacity 

building conducted prior to the flood season, forecasting and warning at the onset of the event, response 

during the event, and facilitating recovery afterwards. 

197. The typical range of measures include: 

• Preparedness. This includes working with communities to understand the likelihood of flooding, 

for example using flood maps and historical flood information. Identifying what will happen, such 

as means of evacuation, routes to be taken and places for temporary shelter. A flood response 

agency should also provide equipment and training as well as conduct drills at the local level. 

In the lead up to the flood season the response agency should also stockpile materials that may 

be required (e.g. for temporary repair works). 

• Forecasting. Capacity improvements for forecasting may include enhancement of the 

monitoring equipment in the field (e.g. modernizing equipment or providing additional stations) 

as well as enhancing the data collection center and improving technology and training for 

forecasting. 

• Warning. Complementary to forecasting is knowing what to do. This includes capacity for 

interpreting forecasts of weather or rainfall and transforming this into forecasts for water levels 

and extent of flooding. The warning operation center needs also to have the means to 

communicate with regional and local centers as well as coordinate with decision makers and 

other agencies for the response. 
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• Recovery and insurance. Community recovery will require coordinated efforts, often between 

national and international relief agencies to attend to both the immediate and medium term 

needs of those affected by flooding. Access to funds to repair houses, purchase stock, and 

reinstate businesses will speed up recovery. Individual insurance can be a good solution to 

provide funds immediately. 

6.5. Nature-Based Solutions 

198. Respect for nature and working with natural processes is deeply embedded in the culture of Asia. 

However, with recent rapid economic development there has been significant deterioration of catchments 

and in rapidly urbanizing societies hard concrete measures that can be engineered to maximize the short-

term development potential are favored.  

199. The natural functioning of a forested catchment, meandering rivers with wide floodplains and estuaries 

with mangroves at the coast have provided a resilient environment for habitation. This can be seen as 

‘living with floods’ and ‘flood pulse’ ecosystems which are prevalent in the tropics. A key feature has been 

the slow and predictable rise of the flood and natural movement of sediment in building up land and fertile 

deposits. Within many DMCs the deviation from this natural state is much less than in developed countries 

and a key aspect is protecting the remaining natural systems as well as enhancing and managing the 

interface between ‘development’ and nature. 

200. Land management including protected areas, forest, farming, aquaculture, transport corridors and urban 

areas as discussed below impact on the natural functioning of the river system and where some of this 

functioning has been lost but can be restored then this may be termed an NBS. The ‘solution’ is unlikely 

to prevent flooding in an extreme case but by slowing down the flood rise the possibilities for avoiding 

damage and loss are much greater. 

201. The types of NBS thus include: 

• Forest Protection and reforestation; 

• Natural storage areas; 

• Zoning of floodplain to allow for controlled flooding; 

• Set back of embankments; 

• Allowing rivers to move and develop meanders; 

• Natural flood spill and flood conveyance areas; 

• Sediment recharge downstream of dams; 

• Encouraging groundwater recharge; 

• Tidal flooding to build up land and maintain tidal channels; 

• Green areas within the urban environment forming flood storage; 

• Preservation of lakes and ponds in urban areas especially; and, 

• Coastal and estuary mangroves. 

202.  Due to the high level of interest in such features, community involvement is critical, and much may be 

achieved through voluntary and local participation in tree planting, stream restoration etc. One way of 

achieving this is through a Restoration Plan that can be used by communities to apply for small funds for 

works that can be completed locally. Linking of farm management to flood through promotion of good 

practice such as ploughing to reduce sediment runoff and allow a natural strip around the land for shelter 

and nature. 
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203. There are many recent guidelines with excellent detailed discussions on applying NBS appropriately 

including: 

• Asian Development Bank, 2022. Integrating Nature-Based Solutions for Climate Change 

Adaptation and Disaster Risk Management. A Practitioner’s Guide.  

https://dx.doi.org/10.22617/TIM220215-2  

• Asian Development Bank, 2021. Guidelines for Mainstreaming Natural River Management in 

Water Sector Investments. https://dx.doi.org/10.22617/TCS210242-2  

• Bridges, T. S., J. K. King, J. D. Simm, M. W. Beck, G. Collins, Q. Lodder, and R. K. Mohan, eds., 

2021. International Guidelines on Natural and Nature‑Based Features for Flood Risk 

Management. Vicksburg, MS: U.S. Army Engineer Research and Development Center, USA. 

• Scottish Environment Protection Agency, 2015. Natural Flood Management Handbook. Stirling, 

United Kingdom. 

• World Bank, 2021. A Catalogue of Nature-based Solutions for Urban Resilience. Washington, 

D.C., World Bank Group, USA. 

• World Wildlife Fund, 2016. Natural and Nature-based Flood Management: A Green Guide. 

Washington, DC, World Wildlife Fund, USA. 

  

https://dx.doi.org/10.22617/TIM220215-2
https://dx.doi.org/10.22617/TCS210242-2
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