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PREFACE 
 

 
This report is an analysis of various studies and collaborative work undertaken by 

ESCAP on comprehensive frameworks of flood management including those for urban 
areas. The report comprises of four parts. The first part consists of an overview of issues 
and challenges in urban flooding which reviews socio-economic impacts of flooding on 
urban areas and identifies related issues and challenges in management of flood risks in 
the Asia-Pacific region.  These experiences and good practices points to the need to 
formulate policy options and strategies for effective flood management to sustain 
economic growth and these increasingly more important economic centres as the focus of 
the second part which aims to synthesis experiences of recent developments of innovative 
strategies to form the basis for the formulation of possible frameworks for the 
development of innovative strategies for effective urban flood management.  The third 
part consists of case studies of innovative strategies for effective flood management. Part 
four provides policy options derived from collaborative work on urban flood management 
and out comes from the regional consultation at the expert group meeting.  

 
The report introduces the concept of ‘adaptive management framework’, which 

could be applied as a strategy to minimize urban flood related disasters. Application of the 
framework improves the understanding of the situation, effective use of resources and 
flexibility required to deal with varying socio-economic situations. 

‘Transitioning towards water sensitive cities’ highlighted in this report is a 
framework  which offers a window of opportunity for urban development planners to 
make informed decisions on investments, capacity development and institutional reforms, 
leading towards sustainable urban water management.   

 
Based on the analysis of existing knowledge on urban flood management and out 

comes of the expert group meeting, the author presents a number options for effective 
urban flood management which can contribute to the implementation  of the Hyogo 
Framework for Action in Asia and the Pacific, while identifying some key characteristics 
of flood resilient cities in the region. In the process of compiling this report, the author 
had used material from the expert group meeting on ‘Innovative Strategies for Flood 
Resilient Cities’ as well as from other published and unpublished papers in the areas of 
urban flooding, flood mitigation and flood resilient cities.  
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ABSTRACT 
 

The report reviews socio-economic impacts of flooding on urban areas and 
identifies related issues and challenges in management of flood risks in the Asia-Pacific 
region.  These experiences and good practices point to the need to formulate policy 
options and strategies for effective flood management to sustain economic growth in these 
increasingly more important economic centers.  To this end, the report reviews 
experiences of recent developments of innovative strategies and synthesizes them to form 
the basis for the formulation of possible frameworks for the development of innovative 
strategies for effective urban flood management. 

 
The report also provides an overview, which draws attention to the severity of 

floods and vulnerability of cities in the Asia Pacific region. Further, it discusses the link 
between development and flooding in urban areas and emphasis the importance of 
managing risks in the face of climate change adaptations.. Use of the adaptive 
management framework approach and Integrated Water Resources Management are 
addressed as key constituents of  mitigate urban flooding.  

 
The report identifies the importance of an enabling environment which includes 

among others, governance, institutions and policy frameworks to mitigate disasters in 
general and urban flooding in particular.  The report brings out case studies from the 
region to emphasis the importance of understanding different development scenarios in 
policy formulation for effective urban flood mitigation. 

 
Finally, the report discusses the conceptual framework and implementation of 

‘water sensitive cities’ as an innovative strategy for flood resilient cities. This is further 
strengthened by case studies of good practices for effective urban flood management 
using material from the expert group meeting on Innovative strategies towards flood 
resilient cities in Asia-Pacific and other research work conducted  in the region.   
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I. OVERVIEW OF ISSUES AND CHALLENGES IN URBAN FLOOD 
MANAGEMENT IN ASIA AND THE PACIFIC 

 
The Asia-Pacific region is disaster prone. Since 1990, this region has experienced 

42 per cent of the world’s natural disasters, representing a disproportionate 65 per cent of 
victims of such disasters (Figure 1). During this period, a person living in Asia and the 
Pacific was almost 25 times more likely to be affected by a natural disaster than someone 
living in Europe or North America. The majority of those affected by disasters in Asia and 
the Pacific were victims of weather-related events, with floods accounting for more than 
one third of natural disasters in the region (UNDP 1995).  
Figure 1.  Number of people affected by natural disasters, 2001-2008; 1991-2000. �

 
Source:  ESCAP (2008a) 
 
Asia is one of the fastest urbanizing regions in the world. The urban population in 

Asia and the Pacific has been growing at 2.3 per cent per annum—faster than the global 
average of 2.0 per cent. With the increasing growth of urban population in the region 
(Figure 2), one third of which are living in slums, more people are becoming vulnerable to 
floods.  
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Figure 2. Level of urbanization in the Asia and Pacific Region,  

 

 
Source:  ESCAP (2008a) 

 
 
Strategies for effective urban flood management need to be based on: (a) the 

accumulated knowledge of past weather events; (b) existing approaches that address the 
multiple components of risk; and (c) long-term climate change scenarios.   

A comprehensive strategic and systematic risk management  approach needs to aim at 
reducing impacts by reducing the vulnerability and risks to hazards (United Nations 
International Strategy for Risk Reduction 2005). The United Nations International 
Strategy for Disaster Reduction (2004) defines vulnerability as “the conditions determined 
by physical, social, economic and environmental factors or processes, which increase the 
susceptibility of a community to the impact of hazards”. It defines a hazard as “a 
potentially damaging physical event, phenomenon or human activity that may cause the 
loss of life or injury, property damage, social and economic disruption or environmental 
degradation”, and notes that “hazards can include latent conditions that may represent 
future threats and can have different origins: natural (geological, hydrometeorological and 
biological) or induced by human processes (environmental degradation and technological 
hazards)”. 

 
A. Vulnerability of cities to flooding: issues and challenges 

The majority of Asian mega-cities and other urban localities are located on hazard-
prone land. In the period between 1994 and 2004, Asia accounted for one third of 1,562 
flood disasters and nearly 60,000 people were killed in floods (Arambepola and Iglesias 
2009).   

Irrespective of whether urban floods are part of larger riverine floods or result from 
inadequate drainage capacities, the damage potential of floods in cities is extraordinarily 
high. The main impacts of flooding on the population include, among others: material 
damage and loss of life; the interruption of economic activity in the flooded areas; 
infection by water-borne diseases; and water pollution when toxic-waste dumps are 
flooded.   

Given the high spatial concentration of people and values in cities, even small-scale 
floods may lead to considerable damage. In extreme cases urban floods can result in 
disasters that set back urban development by years or even decades. Recent statistics 



  

clearly indicate that economic damages caused by urban floods are rising (APFM 2004). 
Today, increased awareness of flood risks and more planned and proactive actions 

towards flood management have led to improvements in the management of the mortality 
risks associated with floods.  However, the economic risks associated with floods 
continue to increase along with economic growth and population in urban areas, 
compounded by more extreme events caused by climate change. Data show that the risk 
of economic loss is increasing faster than mortality risk (Liu, Rashquinho and Leong 
2009). 

The flood hazards in built environments are a consequence of natural and man-made 
factors (Mir 2009). The vulnerability of cities in Asia and the Pacific to flooding is mainly 
attributed to: (a) weather and monsoonal patterns; (b) high-density urbanization; (c) poor 
river basin condition; and (e) spillage of storages/dams (see figure 3).  

1. Weather, monsoonal patterns and climate change 
The normal monsoonal patterns of Asia are responsible for floods and other hydro-

meteorological disaster events. Scientists predict that the changes to weather patterns 
brought about by climate change (which include storm surges, increased floods, drought 
conditions and the episodic nature of rainfall events) may result in even greater impacts 
upon cities, especially those located on river banks, in river catchments or along the sea 
coast (Arambepola and Iglesias 2009). Recent flood disasters in the cities of Manila or 
Mumbai, India, are good examples of the severe impacts these extreme climate events can 
have on urban areas. 
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Figure 3. Vulnerability of cities in the Asia and the Pacific region to floods. 

 
 

 



  

On 26 September 2009, a month’s rainfall deluged the city of Manila in the 
space of 12 hours (http://www.time.com/time/photogallery/0,29307,1 

926456, 00.htm l). This resulted in the worst flooding the capital has 
experienced in over four decades, submerging more than 80 per cent of the city, 
killing at least 246 people and displacing hundreds of thousands more. The flood was 
predominantly the result of the capital’s poor drainage and sanitation systems. Sewers 
that were clogged by plastic bags and other refuse led to roads becoming rivers and 
lagoon.   In the wake of Ketsana,  Metro Manila was left with ten times its usual 
garbage.  The National Disaster Coordinating Council estimated that 797,404 families 
or 3,899,307 persons have been affected by Ketsana all over the country. There are 
288 people dead and 42 missing.   A total of 33,430 houses were damaged, with  
12,399 totally damaged and 21,031 partially damaged. The estimated cost of 
infrastructure and agricultural damages was approximately US$18M (World Vision 
2009).  The flood of Mumbai in 2005 destroyed more than 14,000 homes, affected 20 
million people, and killed 1,200 people and 26,000 cattle. The topsoil from about 
20,000 hectares of farmland was lost and 550,000 hectares of crops were damaged. 
The damage to roads and bridges was estimated at 214 million euros. As most of the 
drainage system collapsed, there was a continued risk from water-borne diseases and 
it took several weeks before basic services were restored. 

Jakarta experienced flooding in 1996, 2002 and 2007. The floods of February 
2007 were the worst in the city’s history, covering almost 60 per cent of the urban 
area and affecting 400,000 people. The water level reached as high as 11.2 metres in 
one community (Kampung Melayu, Indonesia, located near Ciliwung River). The 
floodwaters destroyed 100 houses located in informal settlements (Arambepola and 
Iglesias 2009).  

In November 2008, very heavy rain caused the inundation of Hanoi and some 
provinces in North Viet Nam for 5 to 10 days. It was the worst flooding in Hanoi in 
25 years, compounded by the highest tidal surges in 50 years.   

In August 2008, as a result of widespread heavy monsoonal rains (more than 
150 mm in 24 hours) over the areas upstream of the Mekong River, almost 664 
villages and 32,610 households were affected in the provinces of Luang Prabang, 
Vientiane, Borikhamxay and Khammuane in the Lao People’s Democratic Republic. 
As a result of the disaster, three people were killed, almost 30,000 hectares of rice 
and other crops were damaged, and about 702 heads of livestock (buffalos, cows, pigs 
and goats) and 995 heads of poultry were lost. This resulted in a direct economic loss 
in the four provinces equivalent to about 328 billion kip (about US$ 385 million). 

Other cities in Asia experience similar storm surges and flood events, with 
devastating impacts. 

Changes to the Asian monsoon system can compound the challenges of 
managing floods in urbanizing regions in several possible ways. Increasing sea levels 
exacerbate the flood risks of cities in coastal zone deltas. In addition, increasing 
frequencies of extremely high rainfall events may lead to landslides, which pose high 
risks to settlements in the upland areas, as well as sudden river bank floods posing a 
risk in the lower floodplains.   

In addition to monsoonal patterns, climate change (manifested through, among 
other things, extreme rainfall events, strong tidal surges and tsunamis increasing 
temperatures resulting in more melting of glaciers leading to increasing water levels 
in the rivers) is further altering flood regimes. The Asia-Pacific region is vulnerable 
to climate change (Figure 4). Across the region, people have lost their assets, their 



  

livelihoods or their lives in types of disasters that are likely to become more frequent 
or severe as a result of climate change.  

Figure 4.  The Asia-Pacific region is very vulnerable to climate change  
 

 
Source:  Yusuf and  Francisco 2009. 

2. High-density urbanization 
The rate of urbanization in the Asia-Pacific region is second only to that of Africa. 

As a result, the proportion of urban population is increasing steadily, though it is still 
below the world average (ESCAP 2008a). As cities grow, the greatest concern is 
surely the massive increase in the numbers of the urban poor. Available data suggest 
that in a large number of the world’s poorest countries, the proportion of urban poor 
is increasing faster than the overall rate of urban population growth. The proportion 
of urban poor is 43 percent for Asia and the Pacific (Cohen 2006). As shown in the 
table, there is a greater increase in large cities in Asia compared to other regions in 
the world. 

Table 1.  Distribution of large cities by major geographic area, 1950-2015. 

Region 1950 1975 2000 2015 

Distribution of the world’s 30 largest cities 

Africa 1 1 2 3 

Asia 7 14 16 15 

Europe 12 6 3 2 

Latin America and the Caribbean 4 4 6 6 

Northern America 6 5 3 3 



  

Region 1950 1975 2000 2015 

Oceania 0 0 0 0 

Number of cities with at least one million residents 

Africa 2 8 35 63 

Asia 27 86 194 288 

Europe 20 47 62 60 

Latin America and the Caribbean 7 21 49 73 

Northern America 14 31 41 51 

Oceania 2 2 6 6 

Total 72 195 387 541 

Source: Cohen (2006) 
 

People in Asia and the Pacific continue to migrate from rural to urban areas. 
Natural population growth in the region is about 1.1 per cent per year, but urban 
growth is about 2.0 per cent; the difference in growth percentage could be attributed 
to rural-urban migration or to the reclassification of rural areas into urban areas 
(ESCAP 2008b). Rural to urban migration is an essential part of economic 
development, through which human resources move from the agricultural sector, 
where the marginal product of labour is lower, to the urban industrial sector, where 
the marginal product of labour is higher (Liu 2008). While rural to urban migration  
helps improve the efficiency of sectoral allocation of resources, it also exacerbates, to 
a large extent, the widespread problem of urban congestion  

Urban flooding is increased by high density urbanization (Figure 5), as described 
below.  

Figure 5.  High density urbanization increases the risks of urban flooding. 
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(a) Impervious surfaces changing hydrology and increasing run-off 
Built environments, such as cities, generate higher surface run-off that exceeds 

local drainage capacity, thereby causing local floods. In urban areas, the increase in 
impervious rooftops and transportation surfaces increases the overall run-off 
efficiency of the catchment. Precipitation that falls on rooftops and pavement quickly 
runs off, instead of infiltrating to the soil as it would generally do in a natural or 
farmed landscape. This shift in the landscape setting typically leads to increased run-
off volume and peak flow rates (and subsequent increased magnitude and frequency 
of local flooding (Pappas and others 2008).   

Urbanization leads to decreased rates of infiltration and increased surface run-off. 
The physical vulnerability of urban populations tends to increase as a result of the 
dense concentration of potentially dangerous infrastructure and substances in urban 
areas (bridges, solid and liquid waste, chemicals, electric facilities, etc.) (Figure 6).  
 

Figure 6. The influence of urbanization on different components  
of the water cycle 
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(b) Poor drainage; clogged with weeds, rubbish, silt 
Local drainage capacity is primarily made up of a local stormwater drainage 

system composed of storm drainpipes, curb inlets, manholes, minor channels, 
roadside ditches and culverts. This system is intended to convey storm flows 
efficiently to the community’s primary drainage system, such as the main river 
channel or the nearest large body of water.  

Localized flooding occurs frequently in slum areas because there are few drains, 
most of the ground is highly compacted and pathways between dwellings become 
streams after heavy rain. In small and medium towns and cities, the rapid 
development and the consequent infrastructure, such as road constructions, have 
failed to provide cross-drainage and have disregarded the natural drainage systems. 

A major concern in many cities, particularly in developing countries with sub-
optimal solid waste disposal systems, is the clogging of drainage facilities with waste 
that reduces the carrying capacity of the drainage systems. Many urban drainage 
facilities are dilapidated due to a lack of maintenance. Waste and debris tend to clog 
the bottlenecks of drainage facilities, thus reducing the drainage capacity and leading 
to increased surface run-off and back-up effects, causing local floods. Open channels 
in the semi-arid regions which are intermittently used for drainage and poorly 
maintained are particularly affected by the problem.  

(c) Development encroaching into the floodplain                                                      18 



  

Since urbanization is essentially the increase of population density, space 
becomes limited and expensive. Consequently those who cannot afford to purchase or 
rent space in secure environments are forced to move to cheaper places. Such 
locations may be found at the outskirts of town or in areas inside town where the 
wealthier do not want to live, e.g. areas prone to floods and other hazards. Given the 
fact that the livelihood of the urban poor often depends on the informal economies of 
big cities, many prefer to inhabit hazardous areas close to towns. Two other factors 
aggravate this spatial marginalization. On the one hand, hazard-prone areas are often 
not privately owned, thus informal dwellers are less likely to be displaced. On the 
other hand, many urban poor are migrants from rural areas who are not familiar with 
the respective hazards and therefore tend to underestimate the risk of living in such 
exposed areas. 

In Delhi, the “trespassing of stormwater drains” is very common, with slum 
dwellers, small shopkeepers, motor garages and other types of drain polluters 
preventing the flow of flood waters in stormwater drains (Mahto, 2009).    

3. Poor river basin condition 
Urban areas are affected by upstream areas of the catchment/river basin. Rainfall, 

if not intercepted by vegetation, falls on the earth and evaporates, infiltrates or lies in 
depressions. Any remaining surplus flows as run-off to the steams and finally to the 
sea. Under conditions of high rainfall intensity or during periods of prolonged rainfall, 
the stream channels cannot carry all the surplus run-off, with the resulting flooding 
doing great harm to human activities, destroying crops and cattle, and bringing 
famine in its wake. The types, causes, magnitudes and effects of floods can be 
divided into two categories: those associated with normal floods occurring naturally 
in the annual cycle; and those associated with abnormal (damaging) floods, often 
caused by heavy rainstorms and exacerbated by the mismanagement of the catchment 
area (Woube 1999). Poor river basin condition is characterized by little or no riparian 
vegetation and/or poor land use practices. 

Vegetation (trees, shrubs or grasses) along the river channels increases the 
“roughness” of the rivers, which tends to slow water down the channel (Olley and 
others 2009). The removal of riparian vegetation results in stronger flows and more 
erosion through the river channel.   

The total clearing of land for agriculture uses and/or urban settlement, without the 
appropriate infrastructure, results in changes in hydrology and stronger flows 
throughout the river basin. In Delhi, about 1,650 unauthorized colonies have settled 
on open/agricultural land, without consideration to the city plans, drainage, sewerage, 
etc. Those areas are subjected to flooding during heavy rainfall (Mahto, 2009). In the 
Lao People’s Democratic Republic, major drought and flood hazards are linked to 
deforestation (Oudomcit, 2009). 

Poor land-use practices (e.g. farming right to the edge of a riverbank, the absence 
of riparian vegetation, etc.) can lead to more erosion of steep slopes, which directly 
results in the siltation of the rivers. The siltation of rivers tends to lead to more 
overland flows. In addition, changes in channel morphology, predominantly due to 
poor land-use practices, result in more unpredictable flood flows. 

Landuse changes have resulted in alterations in run-off characteristics.  Through 
construction of river dams, diversions of river flows, irrigation schemes and 
interbasin water transfers, we have changed river flows significantly from its natural 
state.  As such, human activities have changed the onset, duration, distribution, force, 
and quality of flood waters.  (www.sea-user.org/uweb.php?pg=86).                          19 



  

4. Dam spillage 
Apart from storing water for supply to the population, water retention reservoirs 

and storages also serve to control upstream peak flows, control flow volumes in order 
to facilitate appropriate volumes for treatment and trap sediments from the upper 
catchment.  With extreme rainfall events, some storages overspill back into the rivers.  
Some very extreme rainfall events even cause breakage of storage walls,   causing 
damage to downstream settlements and property. Research commissioned by the 
World Wide Fund for Nature indicated that dams are often designed with a very poor 
knowledge of the potential for extreme flood events and without the consideration of 
future risks, such as increased rainfall due to climate change or increased run-off of 
water from land due to deforestation or the drainage of wetlands. Such dams may 
result in more harm than good to future generations. Inadequate information on some 
of these issues could mean that dams could be built without adequate spillways to 
cope with extreme floods (Pearce 2001). 

A geographic information system (GIS)-linked numerical model developed for the 
Mekong River predicted that flooding may worsen in the long term due to estuarine 
siltation resulting from the construction of dams (Le and others 2007). 

B. Managing the risks 

A comprehensive risk management approach is needed to reduce the impacts of 
flood on urban areas.  The approach needs to decrease the vulnerability of cities to 
flood events, as well as the reduction of both current and future risks that cities face 
with regards to the hazards brought about by flooding. It is critical to transition from 
strategies for controlling floods to strategies for managing floods. China recognizes 
that the shift from flood control to flood management depends on structural measures, 
institutional mechanisms, science and technology advancement, people’s awareness 
and behavioural changes (Liu and others 2009). 

Strategies for urban flood management should include structural and non-
structural mitigation measures that take into consideration climate change variability, 
including changes in the frequency and intensity of tropical cyclones (Figure 7). Non-
structural measures should include strengthening the legal framework for urban flood 
management, including coastal management, institutional coordination and 
cooperation, the improvement of investment monitoring, capacity-building and the 
decentralization of resources from national to local levels. 
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Figure 7.  Managing the risks of urban floods. 
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1. General framework for innovative strategies: river basin management 
 
Floodplains, which act as buffers in flood events, need to be recognized as part of 

the river system. They cannot be included in the landscape and made available for 
development. Given their role as buffers, floodplains need to be protected and/or 
restored to ensure that they perform the function of water retardation and filtration 
effectively. 

River basin management and integrated water resources management must take 
into consideration practices and strategies for risk-sensitive land-use planning in order 
to control exposure to hazards, including the impacts of upstream development on 
downstream areas. 

Integrated basin management, including total water cycle management, should be 
considered. Within an integrated flood management approach, water from floods could 
also be stored for use in the dry season and diverted into dry zones or other areas.  

When restored, natural river channels and riparian vegetation slow down the water 
as it flows through the river channel systems. Good land management practices ensure 
that the natural hydrological cycle is preserved and/or restored. 

2. Total water cycle-based approach for innovative strategies:   
water sensitive urban design 

 
The lack of effective drainage infrastructure is often a cause for flooding in urban 

cities. As the concrete built environment becomes impervious to natural run-off, 
percolation of the water into the soil is not allowed to occur.  Confounded with the 
lack of aproper drainage system capable of handling intense rain events,  cities like 
Dhaka sometimes experience severe inundation problems during monsoons 
(Arambepola and Iglesias 2009). 

Drainage systems in cities need to be effective enough to handle the volume of 
stormwater to which the city is exposed. Improving city infrastructure (e.g. appropriate 
drainage infrastructure, positioning of roads and bridges above flood levels, etc.)   to 
withstand extreme events is critical.  

The drainage and sewer system in many parts of Delhi has collapsed, resulting in 
flooding. The cleaning of roads, bell mouths, gullies, and the removal of silt, debris 
and solid waste materials from the drains  is being coordinated by the Engineer-in-
Chief of the Municipal Corporation of Delhi (Mahto 2009). 

Water sensitive urban design is about the integration of water cycle management 
into urban planning and design. It is a philosophical approach to urban planning and 
design, aimed at reducing the hydrological impacts of urban development on the 
surrounding environment. Stormwater management is a subset of water sensitive 
urban design and specifically directed at providing flood control, flow management, 
water quality improvements and opportunities to harvest stormwater to supplement 
mains water usually for non-potable uses (toilet flushing, garden irrigation, etc.) 
(Lloyd and others 2002).  

The key principles of water sensitive urban design include: reduction of 
impervious areas and local detention measures to decrease run-off and manage peak 
flows from urban development; the integration of stormwater treatment into the 
landscape; the protection of natural systems within urban development; the restoration 
and/or protection of the quality of water draining from urban developments; and the 
addition of ecological and economicvalue while maintaining development costs 
(Wong and Brown 2008). “Having a holistic approach to water management is 
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fundamental to water sensitive urban design” (see 
www.urbanwater.info/engineering/wsud.cfm). 
 

In its broadest context, water sensitive urban design encompasses all the aspects of 
integrated urban water cycle management:  water supply, wastewater management and 
stormwater management. Water sensitive urban design represents a significant shift in 
the way water and related environmental resources and water infrastructure are 
considered in the planning and design of cities and towns. This new approach is based 
upon the premise that the processes of urban development and retrofitting need to 
effectively address the sustainability of the water as a resource and waterway health 
(see www.engineersaustralia.org.au).  

A range of applications are available for the integration of water sensitive urban 
design concepts and technologies into urban developments. The types of techniques 
include, among others: 

. Grassed or vegetated swales – primary treatment and conveyance 
function; can provide secondary treatment benefits 

. Filtration trenches – primary treatment and conveyance and detention 
options; can provide secondary treatment benefits 

. Bio-retention systems – secondary treatment, conveyance, detention and 
retention functions (through infiltration); can provide tertiary treatment 
benefits 

. Wetlands – tertiary treatment system, storage, detention, possible reuse 
options 

. Rainwater tanks – usage of stormwater as a resource; detention, 
retention; can provide a source of water for drinking and for use in 
garden irrigation, car washing, toilet flushing, etc. 

. Greywater reuse – collected from households; primary treatment on site; 
reuse for external irrigation or internal toilet flushing options 

. Rain gardens, rooftop greening, urban forests – can provide natural 
vegetated features of aesthetic value; treatment function of filtering 
stormwater 

. Any combination of these and other techniques for the best possible 
outcome 

In Melbourne, Australia, water sensitive urban design is being incorporated into 
urban developments and road designs. The approach contributes to urban 
sustainability and provides the conditions for attractive, human-scale living 
environments through the integration of urban planning and design with the 
management, protection and conservation of the whole water cycle 
(http://library.melbournewater.com.au). Water sensitive urban design slows down the 
flows of water from urban development, while fostering the integration of urban 
planning and design into the total water cycle.  

3. Infrastructure resistant to climate change  
The application of structural designs that incorporate climate change and tropical 

cyclones (to a level of uncertainty) is important. Socio-economic models of flood 
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damage in cities independently predict vast increases in spending on damages, likely 
due to climate change, in the absence of adaptive infrastructure changes. 

Infrastructure represents such a major investment that it is important to build it to 
cope with future changes. This means that likely climate change, its impacts and 
appropriate adaptation measures should be recognized now. However, most 
infrastructure has been designed, built and maintained on the premise that the future 
climate will be similar to that experienced in the past. The recognition of the risks 
associated with climate change is a valuable first step towards better planning of new 
infrastructure investments and the mitigation of potential damage to existing 
infrastructure (Victoria m Government 2006). 

In designing buildings and communities, it is important to plan for the climate 
expected throughout the design life of the development, not just for the current climate 
(Three Regions Climate Change Group 2005). 

In Vietnam, a Development Workshop France (DWF) initiative as part of the 
disaster reduction programme, aimed at reducing the impact of typhoons and floods on 
housing, was initiated in 1999.  Based on risk identification and the need to show how 
preventive action can reduce the identified risks, the Programme involves grassroots 
consultation and preventive action planning.  Its central theme is to make families and 
the community active players in the process of reducing the vulnerability through the 
integration of storm resistant techniques in existing and future building (UNDP ISDR 
2007). 

 

4. Enabling the approach for innovative strategies 
Strategies for flood resilient cities should include assessments of: (a) the capacity 

of cities to cope with floods (characteristics of the cities; both institutional capacity, 
physical structures for water retention.); ((b) risks to the cities, including the 
identification of priority targets for risk reduction and an analysis of the causes of 
floods and flood frequencies to identify the risk posed by extreme events and regular 
floods; and c) technology (e.g. radar) necessary to support flood management 
activities. 

(a)  Conducive socio-economic conditions 
Because flood-prone lands are often either the cheapest of the only remaining 

areas for disadvantaged socio-economic groups to settle in, floods usually impact most 
severely on the poorest and most vulnerable groups of society There is something of a 
vicious circle in this regard as the regular impacts of floods tend to exacerbate social 
divides and prevent any potential for such groups to advance themselves in society.  

Flood management strategies need to consider the enhancement of the socio-
economic conditions of the poor, alleviate poverty and improve livelihoods of these 
vulnerable groups in the community.  Community needs and capacity to be integrated 
in the strategy development.  In addition, a strong understanding of the underlying 
cultural practices and values need to be in place to gauge community needs and 
capacity to cope with flood events. 

In the Lao People’s Democratic Republic, for example,  measures to prevent and 
mitigate natural disasters contribute to the poverty alleviation strategy of the 
government.  (Oudomcit 2009). 
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(b) Effective governance and institutional structures: effective policy and planning 
frameworks 
Key activities outlined in the Hyogo Framework for Action 2005-2015: Building 

the Resilience of Nations and Communities to Disasters include, among others: (a) 
support by national institutional and legislative frameworks for the creation and 
strengthening of national integrated disaster risk reduction mechanisms, with 
designated responsibilities at the national through to the local levels to facilitate 
coordination across sectors; (b) the integration of risk reduction, as appropriate, into 
development policies and planning at all levels of government, including in poverty 
reduction strategies and sectors and multi sector policies and plans; and (c) the 
recognition by institutional and legislative frameworks of the importance and 
specificity of local risk patterns and trends, and decentralization of responsibilities and 
resources for disaster risk reduction to relevant subnational or local authorities, as 
appropriate. 

Urban planning requires a long-term vision and should be outlined from the 
starting phase on the basis of the principle of sustainable development. Infrastructure 
development of urban areas needs to take into consideration all the key components of 
sustainable urban development: adequate water supply, appropriate drainage systems; 
energy-efficient transportation system; effective energy supply systems (electricity, 
gas);  reliable communications systems; sufficient open space and buffer areas; and 
entertainment for the community. Additional factors of urban environment, such as 
industry, trade and services, need to be mounted in that systematic picture (Lien Tran 
Bich 2009). 

(c) Robust decision support tools, models and predictive capability 
Effective and robust models to allow the downscaling of worldwide scenarios on 

climate change risks to the regional scale are crucial. The International Centre for 
Water Hazard Risk Management has developed a software package for flood run-off 
analysis, a toolkit for the efficient implementation of a flood forecasting system even 
in poorly gauged river systems, enhancing local ownership (see 
www.icharm.pwri.go.jp/research/ifas/index.html). 

The combination of a) global data sets and real-time observations, which provide a 
better forecast of floods; b)effective and people-centred early warning systems, 
including the dissemination of alerts to communities using common and familiar 
language; and c) technological support to ensure that no one is left out, is critical. In 
addition, strengthening urban flood emergency response systems for swift and 
effective action against emergency flood risk at all levels is also vital. 

Sharing real-time hydrological and meteorological data among countries is 
extremely valuable to monitor and provide an efficient early warning system for the 
extent of hazards.   For example, Myanmar has an Integrated System for Flood 
Monitoring and Early Warning system in place for any contingency events (Kyaw 
2009).The Philippine Atmospheric, Geophysical and Astronomical Services 
Administration has developed a Community-Based Flood Early Warning System 
(CBFEWS), which is a cheap, non-structural flood mitigating measure that combines 
the basic ingredients of the science of early warning systems,  the role of the disaster 
operation centres (managed by the local government units); and  the response of the 
community.   CBFEWS is designed to be (a) applied using a river-basin approach, (b) 
managed by the community, and (c) mainstreamed in the disaster contingency plan of 
the community to ensure sustainability (Espinueva 2009).   
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Remote sensing technology and GIS have become the key tools for flood 
monitoring in recent years. Development in this field has evolved from optical to radar 
remote sensing. This technique allows the delineation of flood zones and the 
preparation of flood hazard maps to identify the vulnerable areas more efficiently. 
Flood depth is considered crucial for flood hazard mapping.  A digital elevation model 
developed from a combination of remote sensing and hydrological data is considered 
to be the most effective means of estimating flood depth. In flat terrain, the accuracy 
of the flood estimation depends primarily on the resolution of the digital elevation 
model. (Sanyal and Liu 2004). 

(d) Resilient communities: communities working 
The adoption of community-based disaster risk management, people-centred 

approaches, and the integration of disaster risk management strategies into the socio-
economic development planning, are critical for effective flood management strategies. 

In situ flood management approaches should ensure community preparedness. 
This includes participatory urban flood planning and management involving both local 
government and the community. Communities should also be empowered to develop 
their own hazard mapping and evacuation strategy.  The critical role of NGOs in 
reducing community risks and vulnerabilities to disasters need to be considered.   

It is recognised that adopting a participatory approach to problem and solution 
identification strengthens the social bondage of the community. For example, to help 
address community vulnerability to floods in Bangladesh, Community-Based 
Organizations (CBOs) have been formed voluntarily by selected community 
volunteers under an ongoing project entitled "Mainstreaming Livelihood-Centered 
Approaches to Disaster Management". The CBOs are involved from the initial stage of 
problem and solution identification and participate in the implementation of 
community-based activities through the country's Participatory Action Plan 
Development (PAPD) (UNDP 2007). 
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II.  Formulation of innovative strategies for effective urban 
flood management 

In the Hyogo Framework for Action, five main areas of specific gaps and 
challenges in managing disasters (including floods) were identified. These areas 
include: 

(a) Governance: organizational, legal and policy frameworks; 
(b) Risk identification, assessment, monitoring and early warning; 
(c) Knowledge management and education; 
(d) Reducing underlying risk factors; 
(e) Preparedness for effective response and recovery. 

There is now international acknowledgement that efforts to reduce disaster 
risks must be systematically integrated into policies, plans and programmes for 
sustainable development and poverty reduction, and supported through bilateral, 
regional and international cooperation, including partnerships (United Nations 2005). 
It is important to strengthen the links between development and disaster risk reduction. 

A key focus in the development of innovative strategies to enhance the resilience 
of cities to flooding is on the principle of intergenerational equity. It is relatively easy 
to demonstrate that most of the benefits from the development and economic use of 
flood-prone land (a) accrue to those involved in development processes and (b) are 
associated with increases in land value. On the other hand, the costs of later flood 
damage and mitigation works or measures are borne mostly by subsequent owners or 
whole communities who were not involved in the initial development discussions. A 
key argument for increasing the level of control over development in flood-prone areas 
is the obligation to meet the expectations and protect the interest of future owners and 
occupiers (Ronan 2009). 

A. The adaptive management framework approach as an underlying 
philosophy in formulating strategies 

 
 

The adaptive management framework approach can be best described as 
encompassing ongoing knowledge acquisition, monitoring and evaluation leading to 
continuous improvement in the identification and implementation of management. The 
approach recognizes that action can seldom be postponed until we have “enough” 
information to fully understand the situation. This leads to an improved understanding 
of the means for dealing with resource management issues, and provides the flexibility 
necessary for dealing with changing socio-economic or socio-ecological relationships. 

This cyclical approach (Figure 8) is composed of sequential stages (planning, 
implementation, monitoring and evaluation) which lead to improved understanding 
and management of the vulnerability and risks of flooding. The approach guarantees 
that strategies, policies or management actions are able to be altered in response to 
changing circumstances at any time.  
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Figure 8.  Adaptive management framework 

 
 

Source:  Abal and others 2005 
 

Adaptive management requires the ability to monitor progress and to explain 
this progress in terms of responses to management actions and to other changes in the 
situation. Behind this simple explanation lies a need for an in-depth understanding of 
the nature of the changes that have occurred, and the way in which the system being 
managed responds to pressures, both human-induced and natural. Because urban 
systems are generally inherently complex, and have a multitude of factors operating on 
them, adaptive management also requires an in-depth understanding of the way in 
which urban systems operate. 

The development of innovative strategies to achieve flood-resilient cities should be 
underpinned by the adaptive management approach.   

B.  Development of scenarios for planning and policy formulation 

  

Extreme events and global climate change may increase the frequency and 
intensity of floods, increasing the vulnerability of urban populations, particularly the 
most vulnerable segments, to major hazards such as, among others, extreme flood 
events, health hazards, cyclones and droughts. Governments and institutions tasked 
with developing flood prediction and mitigation strategies in the highly vulnerable and 
expanding areas of South East Asia face the challenges of interconnectivity of various 
hazards, posing difficulty in implementing a targeted decision-making process; paucity 
of real-time, specific and relevant data; and lack of political will.   In addition to 
posing problems of being able to accurately record the causes of disasters, 
interconnections of various hazards also accentuate the eventual impacts on the 
community.  Hence, the development of low-cost hazard prediction and mitigation 
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strategies for poorer nations is an important issue that needs to be addressed in Asia 
and the Pacific Regions.  (Siddle and others 2004).  

Modelling tools can be used to study the potential effects of progressive planned 
urban development on storm run-off and floods. One of the main challenges in the 
planning of urbanization is to identify the likely effects of urban development at the 
planning stage, so that steps can be taken to eliminate or reduce the frequency of 
flooding. The planning of urban development therefore requires reliable tools which 
can give sound predictions of where flooding may occur given different scenarios of 
urban development.  

The implications of future scenarios are based on design hydrographs which are 
predicted using the relationship of urban planning and hydrologic parameters. 
Information on the type of land use (residential, industrial, etc.) and the recommended 
population density in areas where development is planned is important.  A robust 
design hydrograph can be derived from the relationship of the extent of impervious 
area and urban population density (Figure 9) (Campana and Tucci 2001). Embedding 
more detailed information from good model predictions in planning schemes for urban 
development or urban master plans enhances confidence in the management options to 
address the different scenarios.    
Figure 9.  A sample plot showing the relationship between extent of impermeable 

area and urban density 

 
 

Source: Campana and Tucci (2001); Note: Based on data from São Paulo, 
Curitiba and Porto Alegre (Brazil). 

Effective urban flood management requires some paradigm shifts in thinking 
and practice. For example, the development of policy options will need to be based on 
trends, including trends in climate change. The trends of impacts of disasters in 
general and floods in urban areas in particular may differ a great deal at the global, 
regional, sub-regional and local levels. This section will discuss scenario development 
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for the formulation of policy options and summarize the many initiatives that are 
ongoing in the region to assess the trends and scenarios based on projections. 

Most Asia-Pacific countries implement the monitoring and modelling of 
rainfall, run-off and inundation. Such predictions are very useful in developing 
strategies to address urban flooding. The Integrated Water Resources Management 
project for the Nadi Basin Catchment (Fiji) is one project that includes these activities 
(Vaniqi 2009). 

State-of-the-art mathematical models for the integrated assessment of the 
hydrology and hydraulics of catchments were found to be very useful in the planning 
of the Dhaka integrated flood protection embankment-cum-eastern bypass road 
multipurpose project. It was recommended that rainfall change induced by climate 
change should be considered in the design of the canal system as well as the pump 
capacity and regulator vents for the project (Khan 2009). 
Box 1. 
Case study: The Mekong River delta in Viet Nam:  application of a GIS-linked 
numerical model 

The Mekong River delta, which plays an important role in the economy of Viet 
Nam, has been severely impacted by a series of unusually large floods. Several 
physical structures, (dykes and weirs), have been built and are still being built in the 
delta, mainly to control floods and saltwater intrusion.. A GIS-linked numerical model 
shows that the flood levels in the delta depend on the combined impacts of high river 
flows in the Mekong River, storm surges, sea level rise, and the siltation of the 
Mekong Estuary resulting from the construction of dams. The model suggests that the 
engineering structures in the delta increase the flow velocities in the rivers and canals, 
increasing bank erosion, and lead to deeper water in the rivers and canals. This results 
in increased flooding in the non-protected areas of the delta and increases the risk of 
catastrophic failure of the dykes in the protected areas. The model also predicts that a 
sea level rise induced by global warming will enhance flooding in the Mekong River 
delta in Viet Nam, and that flooding may worsen in the long term due to estuarine 
siltation resulting from the construction of dams. 

At the scale of the Mekong River basin, a multinational water resources 
management plan that also includes the hydrological needs of the delta is needed At 
the scale of the delta, a compromise must be made between allowing some run-off to 
supply water for  agriculture, whilst preventing catastrophic flooding in the 
downstream areas. 

Source: Le and others (2006). 
 

Flood risk management schemes should take into account climate variability, 
urban climate specific characteristics, and the long-term impacts of possible climate 
change scenarios on the frequency and intensity of floods.  Recent increases in the 
frequency and magnitude of natural disasters such as floods, drought and dust and 
sandstorms have been linked to climate change (Kang and others 2007).  

A chained modelling procedure can be used to look at the impacts of climate 
change on strategies toward flood-resilient cities. Chained modelling procedure entails 
a) Generation and downscaling of scenarios on atmospheric increase in carbon dioxide 
to an appropriate river basin scale using a regional climate model;  b)  Data from the 
down-scaled model can serve as input to a hydrologic model to generate climate-
impacted stream flows for a particular river basin; and C) These flows can then be 
used in a river basin simulation model to investigate the sensitivity of a reservoir 
system to climate change for flood risk (Kang and others 2007).  
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Box 2. 
Case study: Flood risk projection for Yongdam Dam (Republic of Korea) against 
future climate change:  using a chained modelling procedure 

A sensitivity analysis of the flood safety of Yongdam Dam using a regional 
climate change simulation was conducted. A chained modelling approach was used to 
run climate change impacts on flooding scenarios, including a general circulation 
model (Community Climate System Model), a regional scale climate model (Seoul 
National University Regional Climate Model), and a streamflow model (Streamflow 
Synthesis and Reservoir Regulation), which all inputted into a rainfall run-off model. 
The modelling demonstrated that average streamflow would increase by 38.7 per cent 
and the variability would increase by 14.3 per cent. This streamflow change scenario 
was then inputted into the Geum River Basin Systems Simulator model to assess the 
sensitivity of the current river basin system to possible climate change. The result 
indicated that the number of floods remains almost the same, but that the magnitude of 
a single flood event and the recovery from it become worse.  

Source: Kang and others (2007). 
Faced with the scope and scale of flood-related issues, the uncertainties of 

global warming, climate change and sea level rise, and the expected upward trend in 
the relative cost of structural solutions that may be feasible, there is some merit in also 
looking at scenarios that look at non-structural measures designed to reduce risk over 
time (Ronan 2009). 
Box 3. 
Case study: Victoria, Australia 

Given the very long planning times implicit in current climate change 
modelling and hypothesis testing, the state of Victoria in Australia adopted a 50-year 
period (2010-2060) as the basis for estimating changes in flood risk with and without 
possible interventions. The ‘Status quo’ scenario assume that there is no change in 
flood risk management arrangements in Victoria.  This scenario implications include: 
• Increase in the number of new properties subject to urban stormwater flood risks 
• Increases in urban flood risks due to increasing urban density 
• Increases in coastal/estuarine flood risks due to sea level rise and more severe 

storm surges 
• Increases in stormwater flood risks due to deteriorating street drainage systems 
• Increases in urban flooding (main drainage and stormwater) associated with 

climate change resulting in greater severity of thunderstorms 

The ‘Comprehensive response’ scenario presents the future outlook of flood 
management in Victoria.  The scenario entails: 
• Accurately identifying all flood risk areas in the state, from major floodplains to 

small urban flood risk precincts  
• Ensuring that the institutional arrangements for managing flood risk operate 

effectively at all scales to ensure that there is no growth in risk as a result of new  or 
re-development of urban areas.  

• Ensuring that effective awareness, education and contingency planning programs 
are delivered in all areas where flood risks are found to be important Upgrading 
flood warning and intelligence delivery as a state-wide, web-based service using 
state-of-the-art technology Retiring current risk by intelligent redesign of urban 
precincts in the course of eventual (and inevitable) urban renewal 
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• Developing technical expertise and a body of practical experience for infiltration of 
rainfall in urban areas. This will retire some of the current risk over time and also 
offset increases in urban density and storm severity associated with climate change. 

An exploratory cost-benefit analysis was then conducted on the two scenarios. The 
analysis was based on realistic estimates of the changes in various factors that could be 
achieved, and the likely costs of achieving them.  
Source:  Ronan (2009). 
 

The issue of tackling the threat of climate change is becoming increasingly urgent 
for fast-growing cities in the Asia-Pacific region. A critical arena for decision-making 
in this field lies at the land-use planning level. An interactive scenario-based 
modelling approach is required to make critical conceptual insights on which more 
progressive land-use recommendations can be developed. The scenario analysis, 
however, is only one part of the strategic framework needed for urban cities. Indeed 
other factors, such as the dissemination of facts and issues, and the ease and equity of 
communication in the community, are critical both for progress towards sustainability 
and the enhancement of community resilience to climate change. Issues related to 
sustainable urbanization are best addressed when coordinated within a strategic 
framework and facilitated by a system of policy formulation that combines local 
opinions with scientific insights (Roy 2009).   

C. Implementation of innovative strategies to address climate change: water 
sensitive cities 

A critical challenge for urban communities is to create an integrated water design 
that is resilient to the impact of climate change. It is apparent that the conventional 
urban water design and management approach is highly unsuited to addressing current 
and future sustainability issues.  

Best-practice urban water management is widely acknowledged as complex 
because it requires urban water planning to protect, maintain and enhance the multiple 
benefits and services of the total urban water cycle that are highly valued by society. 
These include: the security of supply, public health protection, flood protection, 
waterway health protection, amenity and recreation, greenhouse neutrality, economic 
vitality, intra- and intergenerational equity, and demonstrable long-term environmental 
sustainability (Wong 2006;  Wong and Brown 2008).   

Defining a water sensitive city is complex because of the different aspects that 
need to coalesce. A water sensitive city integrates water supply, sewerage, storm water 
and the built environment. It is a city that respects the value of urban waterways; its 
citizens value water and the role it plays in sustaining the environment and society (see 
watersensitivecities09.com). 

With the widespread realization of the significance of climate change, urban 
communities are increasingly seeking to ensure resilience to future uncertainties in 
urban water supplies, yet change seems slow, with many cities facing ongoing 
investment in the conventional approach. This is because transforming cities to more 
sustainable urban water cities, or to water sensitive cities, requires a major socio-
technical overhaul of conventional approaches. While there is not yet an example of a 
water sensitive city, there are cities that lead on distinct and varying attributes of the 
water sensitive approach (Brown and others 2008). 

The fundamental principles underpinning the transformation of urban 
environments into water sensitive cities include the values of intergenerational equity, 
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a triple bottom line approach to the assessment of water management options, diverse 
water sources and water services infrastructure, green infrastructure embedding 
ecosystems services to mitigate the impact of urbanization on the natural environment 
and the building of social capital characterized by a smart and sophisticated 
community living a sustainable lifestyle. Social capital will extend to the professionals 
and practitioners in the water sector, in relation to their capacity for innovation and 
sustainable management of the city’s water resources, and to all levels of government 
in relation to the underpinning regulatory and administrative framework (Wong and 
others 2008). 

Ensuring socio-technical resiliency, and overcoming city-wide vulnerability to 
climate change and population growth, is an important condition for the water 
sensitive city. When a city is a resilient system, major system disturbances (such as 
floods, droughts and waterway health degradation) provide the potential to create 
opportunities for new innovation and development. However, when a city is a 
vulnerable system, even small disturbances, such as extended storm events, are likely 
to cause dramatic social consequences (Adger 2006). 

D. Monitoring: measuring the effectiveness of urban flood strategies 

One of the components of the adaptive management framework is the ability to 
measure the effectiveness of the strategies. Measures should be identified based on the 
underlying objectives of the strategies that can include, among others (Ronan 2009): 
. Enhancement of the  effectiveness of risk avoidance mechanisms such as planning 

to ensure that there is limited or no growth in new risk areas  

. Reduction of existing risks through urban renewal and retrofitting that incorporate  
low-cost measures  

. Reduction of  the damage caused by floods by improving flood warning, flood 
intelligence systems, contingency planning and emergency response and recovery 
processes  

.  Better management of urban and rural run-off to reduce flood volumes, conserve 
water and generate other flow-on benefits such as improved ecosystem health, 
amenity  and lifestyle  

It is essential that the effectiveness of urban flood strategies is measured using a 
range of parameters/indicators that reflect the preparedness of a city as well as the 
impacts of the flood.. Most often, indicators reflect only the impacts of floods; such 
indicators include, reduction of deaths and reduction of economic damage. It is just as 
important to include parameters that reflect the preparedness of the city to reduce its 
vulnerability to flooding. Such measures can include: current economic growth; rates 
of increases in urban density; presence or absence of combined education, awareness 
and planning programmes; growth controls; urban run-off reduction opportunities; 
urban renewal improvements; and climate change and sea level rise. These measures 
also provide a good baseline for the planning for effective urban flood strategies.   
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E. Improved understanding: creating a conducive institutional set-up for 
effective urban flood risk management 

1.   Mainstreaming flood management into integrated water cycle management 
The inclusion of flood management in integrated water resources management 

promotes a holistic rather than a fragmented approach to flood management. While the 
concept of integrated water resources management and its operationalization have 
been occurring for about ten years now, the innovation lies in the development of 
policy, planning and institutional frameworks that embrace all of the principles of 
integrated water resources management and at the same time, incorporate a risk 
management approach. Integrated water resources management integrates the 
development of land and water resources in a river basin and is aimed at combining 
the efficient use of flood plains and the reduction of loss of life due to flooding.  

As a component of an integrated water resources management, integrated flood 
management requires a combination of policy, regulatory, financial and physical 
measures that focus on coping with floods while recognizing that floods can never be 
fully controlled. In this sense, integrated flood management calls for a paradigm shift 
away from the reactive and narrow approaches of traditional flood control to a flood 
management approach that enables preventative action by recognizing the full range of 
interrelationships between floods and space of human development. The concept is 
based on the following principles (APFM, 2004): 

• Employ a basin approach 

• Treat floods as part of the water cycle 

• Integrate land and water management 

• Adopt a mix of strategies based on risk management approaches 

• Enable cooperation between different agencies 

• Ensure a participatory approach  

The Government of Malaysia is taking a comprehensive approach in stormwater 
management to encompass the balanced consideration of flooding, water quality, 
aquatic habitats, riparian vegetation, recreation, aesthetics and economic issues. The 
Government has begun to allocate substantial funds and efforts to implement flood 
mitigation measures in parallel with the infrastructure developments in its recent 
projects such as Putrajaya, the administrative centre, and the Cyber Corridor. In such 
projects, the Government utilises the concept of ‘control at source’ in flood 
management and addresses other issues such as prevention and mitigation of flash 
floods, river pollution, soil erosion, and development in highlands and low lying land 
(Seang 2009). 

The Ministry of Water Resources of China proposed, in 2003, to transition from 
flood control to strategic flood management, which aims to enhance understanding 
about interconnecting systemic disaster-related issues and total risk awareness. 
General flood-control capacity enhancement includes waterway dredging and 
restoration, effective engineering construction (such as defensive dykes and dams) and 
the enhancement of existing flood-prevention facilities. Efforts were also being taken 
to utilize stormwater as a complementary resource for water supply, initiating the 
whole-of-water-cycle management principles (Liu 2009).  
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In India, rainwater harvesting for flood prevention, as well as for water supply is 
very common. On-channel storage of rainwater in stormwater drains not only retains 
the  valuable water resource, but also server to slow down the flows from flooding 
(Mahto 2009). Rooftop harvesting in Delhi and rainwater gardens in Hyderabad are 
examples of the multiple objective approach in managing floods. 

In South East Queensland, Australia, the application of the integrated water cycle 
management approach has been initiated  
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Figure 10.  Integrated whole-of-water-cycle management in South East 

Queensland, Australia. 

 

 
Source: Abal (2009) 

(www.healthywaterways.org/ScienceandInnovation/StagesoftheProgram/IntegratedPartnershipWh
ole-of-watercyclemanagement.aspx). 
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2.  A framework for transitioning towards water sensitive cities: a continuum 
The framework outlined in this section is credited to the work to the work of 

Brown, Keath and Wong (2008) and the outcomes of the workshop held by the 
International Water Centre in the major cities in Australia in 2009 (with Prof. Tony 
Wong and Associate Prof. Rebekah Brown among the resource speakers).   

Through detailed historical, contemporary and futures research involving 
Australian cities, Brown, Keath and Wong (2008) have developed a transitions 
framework, presenting a typology of six city states, namely the “Water Supply City”, 
the “Sewered City”, the “Drained City”, the “Waterways City”, the “Water Cycle 
City”, and the “Water Sensitive City”. Each state is a subset of the next state, and each 
state is characterized by different drives and management responses.   

Figure 11.  Continuum towards water sensitive cities 

  
Source: Adapted from Brown, Keath and Wong (2008) 

It is proposed that the transition towards the ultimate state of a “Water 
Sensitive City” fosters the creation of a conducive institutional set-up for effective 
strategic urban flood risk management.  The key principles of water-sensitive cities 
(intergenerational equity,  triple-bottom line approach, integrated approach the 
management of water, diverse water sources, city as a catchment, ecosystem services, 
resilience to climate change, social capital and a business case approach) (Wong and 
Brown, 2008) embody a holistic approach that include long term and strategic 
management of flood risks in urban area. 

The novelty, practicality and applicability of the framework in Asia and the 
Pacific is the recognition that the transformation of a city towards a “Water Sensitive 
City” is a nested continuum of different city states, rather than a direct and 
straightforward step. This framework recognizes the temporal ideological and 
technological contexts that cities transition through when moving towards sustainable 
urban water conditions.  One of the values of this framework is that it can be used by 
strategists and policy makers as a heuristic devise and/or the basis for a future 
benchmarking tool.  It fosters intercity learning and comparison (Brown, Keath and 
Wong 2008).   

A “Water Supply City”, one of the first stages of the development of an urban 
area, is driven by the population’s need for water. As such, the management response 
is the provision of the physical infrastructure or hydraulics required to provide water 
to households and industry.  With increasing population comes the need to provide 
sanitation and public health facilities. The “Sewered City” is driven by this need and 
consequently, the management response is a scheme for separate sewerage 
infrastructure.   

 
Further population growth requires the city to address the risks of flooding and 

inundation of households, transforming into a “Drained City”. There is then a need for 
drainage and flood protection infrastructure and flood risk management strategies. 
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This is where cities are at in the conventional approach of addressing the challenges of 
urban flooding. Drainage and canals are constructed to divert dirty flood waters away 
from households into waterways. In some parts of Asia, dykes are constructed to 
protect the lower lying urban areas. Flood alert and warning systems are also put in 
place to enhance the preparedness of the community. Post-flood disaster strategies are 
also established. However, this stage does not address the other factors that make 
cities vulnerable to floods (i.e. broader watershed issues, climate change, water 
pollution, etc.).   

An increasing community desire for social amenity from waterways, and the 
development of environmental values with regard to waterways characterize the 
“Waterway City”. The city recognizes that its landscape in integrated with its 
waterways or vice-versa. The lifestyle of the community is more affected by the state 
of the waterways and hence there is a drive to clean up and restore the ecosystem 
health of waterways.  Further limits to growth and development motivate a city to 
transition into a “Water Cycle City”, whereby it looks at opportunities for diverse, fit-
for-purpose structures, the promotion of conservation, both of which are linked to 
waterway protection to ensure security in water supply and waterway ecosystem 
health for the growing population. Management of the total water cycle allows one to 
look at other sources of water supply while ensuring that the environment is protected 
and maintained. 

The ultimate phase in the proposed framework is the “Water Sensitive City”.  
Today, although there is not an example of a “Water Sensitive City” anywhere in the 
world (Brown, Keath and Wong 2008), the concept is attracting attention and interest 
from practitioners working towards potential sustainable water futures (Ison and others 
2009).   

A “Water Sensitive City” integrates the values of environmental restoration 
and protection, security in water supply, effective flood mitigation, promotion of 
public health amenity, liveability and economic sustainability, and a desire for the 
community to protect intergenerational equity and promote resilience to climate 
change with regards to these values (Brown, Keath and Wong, 2009).   

The key principles of “Water Sensitive Cities” proposed by Wong and Brown, 
2008, highlight how this approach can create a conducive institutional framework for 
effective strategic urban flood risk management.    

 (a) Intergenerational equity. Communities and governments will understand and 
agree that the ability of future generations to enjoy security in water supply and 
healthy waterways will not be compromised by current development.  This requires a 
long-term strategic approach in planning the technological and institutional 
infrastructure to deliver water services to cities, 

(b) Triple bottom line approach. Water and water services need to be valued in 
social, environmental and economic terms rather than simply economic ‘cost’; 

(c) Integrated approach. A total water cycle approach is required to manage water 
resources, including water supply, sewerage, flooding and stormwater services, in a 
manner that is beneficial to waterway, ecosystem and community health and well-
being.   

(d) Diverse water sources. Institutional systems that will deliver a “portfolio” of 
water sources underpinned by a range of centralized and decentralized infrastructure, 
with the least cost and impact on rural and environmental needs, are required. 
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 (e) City as a catchment. The minimisation of importing drinking water from and 
exporting wastewater to areas outside the boundaries of the city will serve to optimise 
the use of water resources within the city in a ‘fit-for-purpose’ capacity.  Both 
stormwater and treated wastewater will be considered as important water sources;  

(f) Ecosystem services. The valuation of waterways as an integral part of the city 
and the recognition of the ecosystem services that they provide to enhance liveability 
and amenity are the main drivers for the protection of environmental values of aquatic 
systems in the city.     For example, green infrastructure for stormwater quality 
treatment (water sensitive urban design) will not only cleanse polluted stormwater, but 
will also provide micro-climate and amenity benefits;  

(g) Resilience to climate change. Diverse water sources will ensure that the city 
can adapt to conditions of water-scarce and water-abundant conditions.   In addition, 
resilience of waterways and water resources to the risks of climate change (increased 
flooding, extreme droughts) are enhanced through strategic planning in restoration and 
protection of waterways;  

(h) Social capital. The community becomes a water-smart and engaged 
community living a sustainable lifestyle that is sensitive to the co-existence of the built 
and natural environment.  Social capital will also need to extend to enhancement, 
promotion, and capacity building for  innovation and sustainable management of the 
city’s water resources, as well as to the enhancement of underpinning regulatory and 
administrative framework by government.  

(i) Business case. Governments, businesses and the private sector need to partner 
to achieve the institutional and economic incentives to invest in sustainable solutions.  
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Figure 12.  A framework towards a water-sensitive city, a proposed framework, creating a 
conducive institutional set-up for effective strategic urban flood risk management. 

 
Source: Brown, Keath and Wong (2008) 
 

F.   Application of the framework in Asia and the Pacific  

Both frameworks proposed here (mainstreaming flood management into 
integrated water cycle management and water sensitive cities) are complementary.  
Mainstreaming flood management into integrated water cycle management is a 
precursor of the transition to water-sensitive cities. 

Different cities in Asia and the Pacific are in different phases in the framework 
towards water sensitive cities. How does one convert a framework to action? The 
transition framework (Figure 12) presents a typology of different states that cities 
transition through when pursuing change towards more sustainable futures (Brown, 
Keath and Wong 2008). 

The drivers for water sensitive cities include climate change and associated 
uncertainties as well as increasing population and urbanization (critical factors in 
achieving flood-resilient cities in Asia and Pacific). The framework provides 
opportunities for managing the microclimate and mitigating the urban heat island 
effect in cities, enhancing drainage infrastructure and linking water with energy, 
ecological landscapes and social capital better (Wong and Brown 2008). All of these 
are relevant in the development of urban flood risk management strategies. The 
framework provides the basis for an urban management strategy that integrates all 
elements of urbanization, uses a social-technical approach and provides a common 
platform for evaluation of how liveable and resilient cities are (Wong 2006). 

The incorporation of the key principles of water sensitive cities into the 
development of strategies towards flood resilient cities takes into consideration 
innovation both in the structural (i.e. multifunctional infrastructures, stormwater 
harvesting, etc.) and non-structural (i.e. community engagement, social capital, 
governance and institutional changes). 
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The six transition states are a nested continuum, so the previous states influence 
and shape the subsequent transition states. As a city progresses through the transition 
states, it accommodates additional, and sometimes competing, objectives. While the 
different transition states have been simply represented as a model of linear 
progression, cities may move in both directions across the continuum as well as jump 
and/or straddle states, depending on the changing circumstances and opportunities  
that cities face (Keath and Brown 2008). 

The implementation of the framework towards water sensitive cities (Brown, 
Keath and Wong 2008) will require: 

(a) Promotion of social capital reflecting an engaged community supportive of a 
sustainable lifestyle and intergenerational equity in light of climate change;   

(b) Building and enhancing the professional capacity in the water section for 
innovation and sustainable management of the city’s water resources (encompassing 
diverse,  flexible, and multi-functional urban technologies and forms;  and 

(c) A flexible institutional regime that encourages and fosters the implementation 
of the framework.  

The application of the framework will reflect the different components of 
innovative strategies to manage urban floods: river basin management, water sensitive 
urban design, climate-change-resistant infrastructure and the integration of flood 
management in the broader total water cycle management. The application of the 
framework will need to be accompanied by: (a) an enabling environment of conducive 
socio-economic conditions, including the incorporation of the application into national 
economic development plans, effective governance and institutional structures 
(effective policy and planning frameworks); (b) a robust decision support system to 
enable both short term reactive and long-term planning; and (c) effective community 
awareness, education and motivation. 

As cities develop, urban managers are faced with increasingly complex and multi-
faceted challenges. Given the significant climate change and population growth 
challenges facing cities (which are both drivers for urban floods), there is a pressing 
need for strategic investment in solutions that will deliver long-term sustainable and 
multi-faceted outcomes (Brown, Keath and Wong 2008). 
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III. Cases of Innovative Strategies for Effective Urban Flood 
Management 

 
This section will showcase some good practices that address the key principles 

in developing innovative strategies to enhance the resilience of cities to floods, drawn 
from the expert group meeting on Innovative Strategies towards Flood Resilient Cities 
in Asia-Pacific. The list of case studies is not intended to be exhaustive; rather, it is 
aimed at encouraging further efforts towards innovative strategies for effective urban 
flood management. 

The case studies presented here attempt to showcase the implementation/adoption 
of some of the key principles of innovative strategies for flood-resilient cities in the 
Asia-Pacific region, which include the following: 

• The need to transition from flood control to flood management 

• The need to develop innovative approaches using multi-functional 
infrastructures, such as a framework towards water sensitive cities 

• The need for mainstreaming flood management strategies in the national 
development framework 

• The need for community ownership and participation in mobilisation of early 
warning systems 

• The need to be cognizant of additional risks due to climate change in 
developing flood management strategies  

 

A. Transitioning from flood control to flood management:   
China as a case study 

 
Since 1949, the Government of China has attached more and more importance 

to flood disaster prevention and reduction. On the one hand, structural measures such 
as dyke reinforcement, river regulation, the construction of reservoirs, and the building 
of flood retention and storage basins have been reinforced. On the other hand, non-
structural measures such as decision support systems for flood prevention, the 
development of flood control operation pre-schemes, the management of flood storage 
and retarding basins, and flood insurance have been strengthened as well. Major 
structural and non-structural measures of flood management in China are shown in 
figure 13. 

 

 

 

 

 



 

 43 

 

Figure 13.  Structural and non-structural measures for flood management  
in China 

 
 
Source: Liu and others (2009). 
 

In recent years, the risk management approach has been introduced into the 
development of management strategies and new policies have been proposed. The 
emphasis of flood prevention has shifted from attempts to control or eliminate floods 
to efforts to manage floods. To move from a dependence on structural measures for 
reducing flood damage to a balanced approach using both structural and non-structural 
measures, the Ministry of Water Resources of China, supported by technical assistance 
from the Asian Development Bank, prepared a national flood management strategy in 
2005. The China Flood Management Strategy (Porter and others, 2006) includes the 
analysis of specific problems, requirements and constraints, an overall strategy for 
flood management in China, and the details of three key tasks, five main elements and 
five strategic countermeasures. The three key strategic tasks identified to manage 
floods include: implementing a risk management approach;  manage human activities 
to ensure that the risks of flooding are not increased; and ensure utilisation of flood 
waters as a mechanism to control floods (Liu and others 2009). 

B.  Developing innovative approaches using multi-functional 
infrastructures, such as a framework towards water sensitive cities:  

Australia 

 
Through detailed historical, contemporary and futures research involving cities 

in Australia, a transitions framework was proposed by Brown, Keath and Wong 
(2008), presenting a typology of six city states (see figure 11). This framework 
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recognizes the temporal ideological and technological contexts through which cities 
transition when moving towards sustainable urban water conditions. 

A series of workshops on creating water sensitive cities was held by the 
International Water Centre, in the major cities in Australia in 2009. The main issues 
identified and discussed in the workshops can be summarized under four themes:  
common understanding of the vision;  goals and innovative concept; social and 
institutional perceptions, changes and attitudes; institutional capacity and governance; 
and funding, cost and value of water sensitive cities. 

The characteristics of water sensitive cities identified in the workshops can be 
divided into three high-level main themes: 

• Cities as supply catchments: a diversity of sources and use and delivery 
options; the resilience and adaptiveness of the city; and management of water 
as part of a holistic and integrated system 

• Cities providing ecosystem services: green infrastructure, space and other 
visual and physical aspects of a water sensitive city; the ambiance and 
atmosphere of the city; and waterways (including quality) 

• Sophisticated and water smart cities: community acceptance and engagement 
on a range of institutional aspects and the incorporation of true cost in 
decision-making 

The main opportunities for the transition of Australian cities to water sensitive 
cities that were put forward during the workshop series included: 

• Multifunctional infrastructures consisting of centralised and decentralised 
water supply, green technology and energy-efficient infrastructure, water reuse 
and diversity and fit-for-purpose uses. 

• Knowledge, data, information acquisition and sharing;  and learning 

• Effective and relevant regulation, policy and planning 

• Addressing social concerns and enhancing awareness, support and stakeholder 
ownership 

• The need to address climate change, drought and financial crisis 

Participants in the workshop discussed some constraints and enablers in the 
transition to water sensitive cities. Significant constraints included a lack of resources 
a lack of commitment, will and support and a lack of ability to influence decisions, 
policy and current mindsets and attitudes. Many of the constraints, with suitable shifts, 
also hold the key for enabling action. Organizational and local political support, high-
level sector support and dedicated funds, along with the availability of knowledge and 
research, are keys to enabling action. These findings point towards the significance of 
social processes in enabling the deployment of technologies for creating water 
sensitive cities (Ison and others 2009). 
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C.  Mainstreaming flood management strategies in the national  
development framework: Cambodia as an example 

Flood management strategies need to be an integral part of a country’s 
National Economic Plan.  The mainstreaming of such strategies in the national 
development framework of Cambodia is showcased here. 

The National Committee for Disaster Management, with an overarching 
responsibility for disaster preparedness, response and mitigation was established in 
Cambodia in 1995 through a sub-Prime Ministerial sub-decree, Natural disasters, 
particularly floods and droughts, have been identified by Cambodia’s National Poverty 
Reduction Strategy as critical factors that affect the socio-economic vulnerabilities of 
the rural poor.    

Cambodia’s National Strategic Development Plan for 2006-2010 does not 
directly address disaster risk reduction but incorporates it in the areas of social welfare, 
water resource management, agriculture and rural development. Within these priority 
sectors the disaster risk reduction activities identified include protecting rural areas 
from natural hazards, enabling communities for disaster preparedness and risk 
reduction, and reducing the vulnerability of the poor to external shocks, including 
natural hazards.  

The Strategic National Action Plan 2008-2013 for Disaster Risk Reduction, 
prepared by the National Committee for Disaster Management and the Ministry of 
Planning,  was launched in March 2009.   The critical priorities in the Plan include a) 
to mainstream disaster risk reduction into government development planning, b) to 
formulate a national disaster risk management policy and legislation and c) to 
strengthen the national disaster risk reduction coordination mechanism. 
The Mekong Integrated Water Resources Management Project, a regional project 
including Cambodia, the Lao People’s Democratic Republic and Viet Nam, is aimed at 
promoting better water resources management and more importantly, alleviating 
poverty ( Rinbo, E. 2009).  

 

D.  Directly engaging communities in flood warning systems:  
flood impact mitigation in the Philippines 

The Philippine Atmospheric, Geophysical and Astronomical Administration 
(PAGASA) is a technical and scientific institution that is at the forefront of issuing 
early warnings occasioned by typhoons and the attendant flooding, among others. 
Because of the increasing incidence of flooding in downstream urban areas and flash 
flooding in the upper reaches, the PAGASA enhanced its flood forecasting and 
warning services by engaging the community.   This initiative, called the Community-
Based Flood Early Warning System (CBFEWS), is a good example of a cheap, non-
structural flood mitigating measure.  

The immediate benefits of a flood early warning system are the reduction in 
the loss of human lives and the mitigation of damage to properties. More importantly, 
it allows more direct and quicker community access to the results of warning devices. 
This enhances the community’s preparedness for flood events. It is envisioned that the 
local government units will be able to use the tool to derive flood indices or establish 
the correlation between rainfall intensity and the resulting height and extent of 
inundation in their area. 
The benefits and effectiveness of CBFEWS were highlighted during Typhoon Marce 
which brought heavy rains to the province of Bulacan and caused a significant rise of 
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the Angat River in August 2004.  In addition to the storm warnings, the use of the data 
from CBFEWS, provided the community with sufficient awareness and preparedness 
to harvest their aquaculture products before the fishponds got flooded (Espinueva, S. 
R.2009) 
 

E. Addressing climate change in developing flood management strategies: 
measuring climate disaster resilience of cities 

 
It is important to recognise the increasing vulnerability of cities to flooding 

attributed to climate change. The International Environment and Disaster Management 
(IEDM) Laboratory of Kyoto University developed a Climate Disaster Resilience 
Index (CDRI) to measure the existing level of climate change resilience of some cities 
in Asia.  The index was developed based on five resilience-based dimensions: natural, 
physical, social, economic and institutional.  Flooding is classified as one the climate-
induced disasters.  The resilience information which refers to the capacity of a city to 
cope with climate change, is presented as overall resilience, as well as separate 
physical, social, economic and institutional resilience values. Higher values of 
resilience are equivalent to higher preparedness to cope with climate and disasters and 
inversely. 

The initial phase of the study is looking at nine cities:  Banda Aceh, Indonesia;  
Bangkok, Thailand; Colombo, Sri Lanka; Danang Vietnam; Hue, Vietnam; Iloilo, 
Philippines;  Mumbai, India; San Fernando, La Union, Philippines; and Yokohama, 
Japan.  (Shaw, R. 2009. ) 

 

Figure 14.  Resilience mapping of the five cities based on their overall CDRI. 

 
Source:  Shaw 2009 
 
 



 

 47 

IV. POLICY OPTIONS FOR EFFECTIVE FLOOD MANAGEMENT AND 
FLOOD RESILIENT CITIES. 

 
One of the main reasons for high economic losses and mortality due to floods 

is increased exposure in many fast developing Asian countries. With high proportion 
of migration to urban areas and unpredictable weather patterns due to climate change 
phenomenon, urban cities are becoming more vulnerable to flood disasters. 
Irrespective of whether urban floods are a result of reverine over flows or floods due 
to poor maintenance of urban drains, damage caused by floods is significant. 
With enhancement of knowledge on disasters and its impact on society and 
development, there is wide acknowledgement that efforts to reduce disaster risks 
should be systematically integrated into development planning and supported through 
bilateral and multilateral corporations and partnerships.   
Following policy options formulated as a result of the regional consultation at the 
expert group meeting and contemporary research in the region focus on some key 
areas for development in the future. 

• Flood risk management schemes should take into account climate variability 
and long term impacts of climate change. A comprehensive risk reduction 
approach should consider issues related to hazards, vulnerability and exposure 
not only in the present context but also in potential future scenarios. 

• Integrated flood management approaches should consider harvesting flood 
water for use during the dry periods and diverting to drier areas depending on 
the need.  

• Community based disaster risk management approaches should be integrated 
to socio-economic development planning for effective engagement of 
communities in over all flood management. 

• Participatory urban flood management should be encouraged with full 
participation of the communities and local governments. Local communities 
should be empowered to develop their own flood hazard maps and evacuation 
plans. 

• Hinterland protection, eco-system management and integrated land and water 
resources management to be prioritized in integrated flood management plans. 

• Global and real time data sets should be used as effective warning for people 
exposed to flood disasters. Early warning systems, rapid dissemination of alerts 
and localization of languages for easy understanding should be important 
components of  flood management approaches. 

• Improvement in water retention, increasing open space water infiltration and 
rainwater harvesting should be incorporated in to urban risk management and 
development plans. 

• Existing urban development guidelines should be revised to include potential 
climate change implications. 

• Risk assessment methodologies should be revised to incorporate present and 
future urban development and climate change scenarios. 

• International and regional organizations are encouraged to assist countries in 
the region to improve the efficiency of monitoring and evaluation of flood risk 
assessments by providing access to remote sensing and other real time 
information.  

• International and regional organizations are requested to assist countries to 
down scale climate change information to national and local levels. 
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• Encourage capacity building for effective communication and long term 
prediction of flood management using new technologies. 

• Encourage strengthening the mandate of local governments to manage disaster 
risk reduction and allocate resources between national and local governments. 

• Promote sharing experience/ knowledge, raising awareness among local 
governments/ cities and enhance capacity to address flood risk management. 

• Use national platforms to encourage mainstreaming flood disaster risk 
reduction into development planning. 

• Mandate a designated authority for flood management through appropriate 
policy, legislations and institutional arrangement.  

• Local governments in disaster prone areas are encouraged to allocate part of 
their internal revenue to disaster risk reduction. 

• Encourage mainstreaming disaster risk reduction and community based 
disaster risk management (CBDRM) into the urban development planning 
process.   

• Risk transfer measures should be streamlined and strengthened to mitigate 
immediate impacts of disasters. 

• Encourage public-private partnerships for urban disaster risk reduction. 
• Encourage incorporating disaster risk reduction into the school curriculum at 

all level of education 
 
Development of innovative strategies to achieve urban flood-resilient cities should be 
underpinned by adaptive management approaches. Use of the adaptive management 
framework could lead to identification of suitable tools to reduce urban flooding. This 
approach may give reliable predictions of where urban flooding can concentrate given 
the different urban development scenarios. Besides many challenges to urban flooding 
one of the main challenges encountered by the urban development planners is to 
develop an integrated water management design which is resilient to the impacts of 
climate change including storm water drainage and flooding. With the current vagaries 
of climate and complex nature of urban migration, a paradigm shift in urban water 
management designs will be required in the future.  
With the significance of climate change and population growth facing urban cities, 
there is a critical need to allocate investments in sustainable development solutions. 
The framework for ‘Transitioning towards water sensitive cities’ offers a tool for 
urban development planners to identify critical areas of risks and attributes, where 
investments can be better utilized for capacity development, institutional reforms and 
structural interventions which could contribute to deliver sustainable urban water 
management leading to flood resilient cities.  
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