
ORE Open Research Exeter

TITLE

Back to the future: Assessing the impact of the 2004 flood in Dhaka in 2050 (conference paper)

AUTHORS

Khan, David M.; Taher, Imtiaz; Veerbeek, William; et al.

DEPOSITED IN ORE

16 July 2014

This version available at

http://hdl.handle.net/10871/15204

COPYRIGHT AND REUSE

Open Research Exeter makes this work available in accordance with publisher policies.

A NOTE ON VERSIONS

The version presented here may differ from the published version. If citing, you are advised to consult the published version for pagination, volume/issue and date of
publication

http://hdl.handle.net/10871/15204


Please cite as: Khan, D. M., Taher, I., Veerbeek, W., Chen, A. S., Hammond, M. J., Djordjević, S., and Butler, D. 
(2013). Back to the future: Assessing the impact of the 2004 flood in Dhaka in 2050. International Conference on 
Flood Resilience: Experiences in Asia and Europe, Centre for Water Systems, University of Exeter, Exeter, United 
Kingdom. 
 

BACK TO THE FUTURE: ASSESSING THE IMPACT OF THE 2004 
FLOOD IN DHAKA IN 2050 

David Khan1,*, Imtiaz Taher1, William Veerbeek2, Albert Chen3,  
Michael Hammond3, Slobodan Djordjević3, David Butler3 

1
 Institute of Water Modelling, Bangladesh; 

2
 Dura Vermeer, Netherlands; 

3
 University of Exeter, United Kingdom; 

*
 House # 496, Road # 32, New DOS, Mohakhali, Dhaka – 1206, Bangladesh; Tel: +88 (02)8824590-1; E-mail: 
dmk@iwmbd.org  

ABSTRACT 

Planning to make a city flood resilient needs proper assessment of the future conditions. Urban growth 
models are being used as a planning tool for City development. Within the CORFU project flood 
management strategies will be developed suitable for cities with varied geographic and socio-
economic conditions.  This paper studies the application of Urban Growth Model (UDM) to determine 
the future condition of Dhaka City, which a rapidly developing capital of Bangladesh. Bangladesh lies 
in the delta of the Himalayan Mountain range and experiences frequent flooding. In 2004 an extreme 
flood event occurred in the country, which caused major damage to Dhaka City. If the same event 
occurs in 2050, it can be expected that the damage would increase significantly.  Through application 
of urban growth model, urban flood model and damage model the damage that can be expected to 
happen in 2050 was determined in this paper. The paper also describes the key factors that are 
important to determine this impact and the associated uncertainties.    

KEYWORDS 
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1. INTRODUCTION 

Floods are devastating, and create multiple havocs to the society. Though flooding is natural 
phenomenon, urbanization is increasing the adversity of flooding. Urbanization affects both hydrologic 
and hydraulic process of flooding. On one hand urbanization affects the runoff by changing land-use 
and interventions due to human activities. On the other hand it also affects the natural floodplain 
system, causes unnatural erosion and sedimentation. As a result peak discharge increases and at the 
same time depth and extent. The risk is higher in developing countries. With the increase in migration 
from rural areas to towns and cities, the urban landscape is changing rapidly in developing countries. 
Settlements in the urban areas are progressing at an exponential rate, and most often these take 
place in a most unplanned manner. Low-lying lands and drainage routes are being encroached upon 
to build settlements. Private sector real-estate developers are filling the low-lying lands to create 
housing estate for profit. This cities and towns are losing out on natural drainage routes and flood 
retention ponds rapidly. As a result, major drainage congestions have become commonplace in many 
of the town and cities.  

The geographic characteristics like located in the tropical region or delta of large basin also adds more 
complexity in some of these cities. Climate change has also become another major factor considering 
the risk of flooding. The frequency and seasonality of flooding has changed, this has forced to rethink 
the previous measures and device adaptations to address climate change. Another complexity to 
device proper flood management strategy is lack of proper understanding and data availability on flood 
damage. Without proper understanding of damage prevention measures can not be justified or 
pursued. In developing countries it is even worse, no reliable data exists. Usually damage assessment 
is confined to the infrastructure and does not reflect either the human dimension or the loss to the 
economy. 

There is a need for immediate action to design and implementation a sustainable drainage 
management system for the urban areas. Planning, design, operation and maintenance of such 
measures need an integrated approach. A serious short coming of the conventional methods is the 
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inability to predict and analyse the hydrology and hydraulics of the urban drainage system and the 
consequence of single or multiple projects. Advanced analytical tools are required to understand and 
analyze the complex urban system. Tools like urban growth modelling can be used to anticipate the 
future development based on various control factors. Some of these factors aides development on the 
other hand some factors deters development. Scenarios can be developed to portray the future with 
high urban development, medium or business as usual or low development. 

Dhaka City is prime example of the conditions stated above. Rapid and uncontrolled urbanization, 
weak environmental management, poor maintenance of infrastructure, and increasing investment and 
population in the floodplains hinder the flood reduction efforts and contribute to additional physical and 
economic losses of the City. But the flood management process of the city focuses on structural 
measures designed for floods with low return period only and does not have a comprehensive flood 
management plan. The city and especially the peripheral areas experiences frequent flooding. Some 
these flooding are catastrophic and caused huge damage in the past. The flood in 2004 is one of 
those catastrophic floods. This paper focuses on estimating the damage that might be caused if the 
flood of 2004 happens in 2050. The findings would provide indication on the necessity of initiating 
comprehensive flood management process for the City.    

2. DHAKA CASE STUDY 

2.1 General characteristics of the city 

Flooding is a recurrent event in Bangladesh; most of its territory consists of floodplains, and up to 30 
percent of the country experiences annual flooding during monsoon season. According to EM-DAT 
International disasters database, Bangladesh has experienced at least thirty major flood events since 
1980, with most severe damage occurring during 1988, 1998 and 2004 floods. Dhaka is located in the 
north central region of the country and is surrounded by several rivers.  

Due to its location in a deltaic plain, the metropolitan area of Dhaka, is extremely prone to detrimental 
flooding. The city covers more than 400 km

2
 and is one of the most densely populated cities in the 

world, with some areas having more than 80,000 people per km
2
. Dhaka is the commercial heart of 

Bangladesh. The city has a growing middle class population, driving the market for modern consumer 
and luxury goods. The city has historically attracted a large number of migrant workers. Half the 
workforce is employed in household and unorganized labor, while about 800,000 work in the textile 
industry. Even so, unemployment remains high at 19%. As of 2009, Dhaka's Gross Municipal Product 
(GMP) is registered at $85 billion. 

The risk associated with these floods are expected to increase in the coming years due to high 
urbanization rate that city is facing. The scale and condition of the drainage system has not kept in 
pace with the rapid expansion and development of the City. The lowest lying part of Dhaka, located in 
the Eastern fringe of the City, faces the most severe risk of flooding. This area also functions as water 
retention area. Due to land scarcity in the city, the population of the eastern fringe has increased 
alarmingly during the last decades. Thousands of people have encroached the area in search for a 
place to live. The natural drainage performing inefficiently and the area is still unprotected from 
flooding which causes major threats to its inhabitants. 

2.2 Urban growth 

Dhaka city has experienced significant urban growth during the last 50 years. The land-use has 
undergone radical changes since 1971 when Dhaka became the capital of the new sovereign state of 
Bangladesh. In the last couple of decades urban developments have sparked a widespread 
construction boom; new high-rise buildings and skyscrapers have changed the city landscape. Growth 
has been especially strong in the finance, banking, manufacturing, telecommunications and services 
sectors, while tourism, hotels and restaurants continue as important elements in the economy of 
Dhaka.  
 
The development pattern that has already taken place and the pattern is likely to continue in the 
future, which indicates:  



Please cite as: Khan, D. M., Taher, I., Veerbeek, W., Chen, A. S., Hammond, M. J., Djordjević, S., and Butler, D. 
(2013). Back to the future: Assessing the impact of the 2004 flood in Dhaka in 2050. International Conference on 
Flood Resilience: Experiences in Asia and Europe, Centre for Water Systems, University of Exeter, Exeter, United 
Kingdom. 
 

 Increased Densification: Densification, which is already high in some areas, is expected to 
continue over the already urbanised areas.  

 Increased Infill Development: Infill development in the low lying areas, particularly in the 
eastern and western fringes is currently ongoing and expected to continue into the future.  

 Continuous Expansion and Accelerated Growth: Development and continuous expansion of 
the city is expected and already happening and accelerated growth is expected in the eastern 
fringe, DND triangle, western fringe and the airport area.  

 Growing Importance of Satellite Communities: The possibility of new community development 
in Tongi, Gazipur, Dhamsona and Savar will arise and may become imminent, as future 
population absorption peeks. 

 
The development had a severe impact on the land-use and which consequently impacts the physical 
characteristics of flood regime. Roads were constructed unplanned, land fill occurred. Another 
prevailing occurrence is the encroachments of the natural canals and water bodies. Finally the 
urbanization contributed mismanagements of waste disposal and also due to poor O&M the existing 
storm drains get blocked, which contributes to the frequent water logging in the City. 

2.3 Historical flood impacts 

Dhaka by virtue of being located by River Buriganga, the city has been subject to periodic flooding 
since its early days. The inundation pattern of the city has undergone many changes as the city 
continued to grow and new flood control structures were put in place. During the 1988 floods, the 
worst ever flood in living memory occurred, almost all of the eastern part and about 70% of the 
western part of the capital went under water. An embankment constructed after wards and during 
1998 flood 23% area of the waster city went under water. A major difference between 1998 floods and 
other severe flood events was that water level rose at a slow, steady rate and flood water persisted in 
some areas for almost 70 days before receding. During 1988 and 2004 flood events water level 
peaked very quickly and persisted for a few weeks.  

It was calculated that about 85% of the city went under water at depth ranging from 0.3 to over 4.5 
metres and approximately 60% of the city dwellers were affected in 1988 floods. It also disrupted city 
life, air travel and communication from capital to other areas. In 1988 when flood hit the largely 
unprotected city, almost all of the eastern part and about 70% of the western part of the city went 
under water. In 1998 the city protection embankment and flood wall protected most of the western part 
of the city. Even then, during peak flooding about 23% of the western part  got inundated. 

Flooding of 2004 has caused major health and economic losses. A large part of the city was flooded 
twice during the four days of heavy rain in September. Dhaka was completely shut down for one day 
and partially functioning for three days. Drainage obstructions mixing of sewage with flood water, 
infiltration of polluted water into water supply network and ground water tanks have posed serious 
health risks to the citizens of Dhaka. Further nearly 40% of the city dwellers live in slums and shanties 
without adequate water and sanitation. Located in low lying areas, flooding of these slums also cause 
indirect productivity and economic loss for Dhaka city. 

3. URBAN GROWTH MODEL AND DAMAGE MODEL 

3.1  Urban growth model 

Ex-ante flood impact assessment requires a physical model that integrates the natural hazard (e.g. 
precipitation) as well as the geomorphologic conditions. Geographic urban growth modelling provides 
a means to assess the spatial characteristics of urban growth behaviour for a specific metropolitan 
area. This behaviour is driven by economic and demographic development while guided by local 
characteristics. Within the CORFU-modelling framework, the aim of the model is to express future 
spatial consequences of socioeconomic scenarios, flood impacts and responses for the given urban 
case study locations. 

The growth model is based on a 2d-cellular automata (CA) in which cells expressing specific land use 
characteristics change state depending on internal growth characteristics and external pressures. The 
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internal growth characteristics are derived using a supervised learning algorithm, which is trained by 
historic growth data. This means that the initially generic growth model is adapted to fit the local 
characteristics of a case-study area. Furthermore, spatial constrains and external pressures (e.g. land 
demand) expressed within scenarios and measures create a distribution of likelihood for future 
urbanization which is fulfilled in a deterministic of probabilistic fashion. Apart from urban growth, the 
model also expresses urban redevelopment of existing areas; based on the expected lifespan and 
external drivers, neighbourhoods change states. Note that apart from internal growth behaviour 
(bottom-up), the model also includes possibilities to include top-down planning strategies (e.g. a 
zoning plan), which effectively provides boundary constrains in spatial growth characteristics. 

3.2  Scenarios in urban growth 

Several scenarios were developed for Dhaka City based on UGM. The spatially explicit land cover 
change scenarios for urban growth was primarily defined by observed past land cover changes, 
operationalized by deriving observed growth trends and projecting these to the future. In other words, 
this method only identifies spatial changes and is called Business As Usual (BAU) scenario. Other 
growth drivers like economic development or population changes are not taken into account. 
Furthermore, the effect of qualitative changes with spatially explicit properties (e.g. zoning plans, 
urban containment plans or excluded areas) need to be assessed within the framework of past growth 
trends. Such interventions require the implementation of spatial constrains or manipulations that limit 
or promote land cover changes beyond a BAU scenario. The three major scenarios for Dhaka City are 
described below and are shown in Figure 1: 

 Business As Usual (BAU): These are the business as usual scenarios where past growth 
trends are extrapolated into the future; 

 Business As Usual (BAU) CONSTRAINED: The model applies the same growth rules as in 
BAU. Yet, retention areas and flood flow zones have been marked in the UGM. In those areas 
no urban growth can take place. This means that the growth is diverted to other, possibly less 
suitable, areas. 

 PLANNED: In this scenario the growth is primarily taking place in the areas that have been 

identified as Dhaka’s new expansion zones. 

Then for these 3 types of scenarios, different growth rates are applied: LOW, MEDIUM and HIGH. 
While the BAU scenario is related the medium scenario, the low and high scenarios are translations of 
the population growth scenarios (developed by Schlitte et al, 2013) into actual rates of land cover 
changes. This means that a total of 3x3=9 different scenarios were developed. 

The outputs from the UGM represent land cover instead of land use. Detailed Area Plan by the City 
Development Authority (RAJUK) was used for Dhaka Case Study, which increased the 
representational potential of the Data significantly. Yet, because of many reasons, finally it was 
decided to use land cover instead of land use.  All outcomes therefore have a close relation to the 
impervious surface ratio (ISR).  The study has 3 different representations of each scenario: 

 Urban landcover - uses 10 different levels of density (or ISR-classes) for the urban areas.  
 Urban landcover reclassed - the 10 levels were reclassed into the original 3 that is normally 

used when applying Landsat based base maps: 22 low density, 23 medium density and 24 
high density built-up areas (Figure 1) 

 Imperviousness - through a post-processing method the original density distribution is 
reinterpreted, resulting in a different 7 landcover classification set. 

The imperviousness data was used for flood modelling. Although it might seem using the urban 
landcover set with the 10 different levels of density would provide more detail, these outcomes 
suggest a level of precision that is not there. For the damage modeling, the 3 class version ‘reclassed’ 
was used. All scenarios are based on 1990 and 2005 base map data. For the projections, all 5 year 
increments are included until 2060.  
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Figure 1: Urban Growth modelling scenarios (Urban landcover reclassed) 

3.3  Damage model 

The CORFU damage assessment tool was developed for evaluating the flood damage for the case 
study cities. The tool can import hazard information from 2D hydraulic model results directly, 
combining information on building-use and depth damage curves (DDCs), to determine the damage 
caused by flooding. IWM collected detailed parcel information that contains more than 1.1 million 
buildings in Dhaka and adopted the DDCs from the UK’s Multi-coloured Manual and adapted them for 
the six main building use types in Dhaka. Therefore, the flood damage of each building for different 
events can be estimated using the information. Figure 2 shows the buildings in a local region of Dhaka 
City.   

This paper aimed to assess flood damage for a scenario of future urban growth. However, the output 
of the Urban Growth Model (UGM) does not include data on a building scale, rather it produces land 
cover classes on a grid scale. Figure 3 shows the land cover classes for the baseline year predicted 
by the UGM of a local region in Dhaka City as Figure 2. These land cover classes describe the 
intensity of urban development, and assumptions have to be made to use this information for flood 
damage assessment. Therefore, we further improved the CORFU damage assessment tool for the 
use of land cover classes. Details can be found in a separate paper (Chen et al., 2013).  

We compared the detailed building data for the existing situation with the UGM prediction for the 
baseline year to establish relationships between building-use and the UGM land cover classes. 
Comparison was done between the building-use types and the land cover classes. The UGM 
prediction is in good agreement with the current reality. With this analysis, we established the 
relationships between the two datasets to create new DDCs for all UGM land cover classes. Then we 
evaluated the flood damage using the hydraulic modelling results, the UGM land cover classes and 
these new DDCs. 
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Figure 2 The building-use types of the baseline year for a local region in Dhaka  City 

 

Figure 3 The land cover classes for the baseline year predicted by UGM using historical data for a 
local region in Dhaka City   
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4. RESULTS 

The outputs from the urban growth model for different scenarios were applied to urban flood model 
developed for Dhaka City under WP2 of CORFU project. The flood models were able to provide the 
details of the flooding impact due to changes in urban conditions. These outputs from the flood models 
were then used to determine the damage due to flooding.  

4.1  Comparison of flooding 

The change in land use pattern from current land-use to 2050 condition increase the impervious area. 
In 2050 about 70sqkm additional area become impervious which contribute to more surface overland 
flow. It was found that in 2050 the runoff contribution will be 6 times higher than at present. The 
change in impervious area is shown in Table 1 and the surface overland flow is shown in Figure 4. 

Table 1: pervious area of Eastern Dhaka at different scenario 

Catchment 
% of Impervious area 

Base 2050 

Compartment-1 10 63 

Compartment-2 8 60 

Compartment-3 17 78 
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Figure 4: Comparison of surface overland flow at different scenario 

But the change in flood depth is not significant. At base condition total flooded area in Eastern Dhaka 
is 70.7% whereas in 2050 flooded area is 71.5%. In Central Dhaka about 87% of model area is 
inundated to 0 to 0.5m of water at base condition whereas in 2050 92% area inundates in that range. 
It is shown in Figure 5 that in 2050 the higher flood depth area increase but the lower flood depth area 
remain same or somehow decrease. 
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 Figure 5: Flood depth analysis at different scenario 

This is because the flooding scenario is controlled by downstream Balu River water level for Eastern 
Dhaka. In monsoon, the water levels in the khals depend on Balu River water level. The total runoff 
has little impact on the flood-depth change. Similar insignificant change in inundation area for the two 
scenarios was also observed in Central protected part of the city. This is because the flooding occurs 
due to drainage congestion at the outfall. In most areas the network has adequate capacity. Thus, 
without any drainage system change or improvement the flood map would be unchanged assuming 
that the hydrodynamic condition would not vary in 2050 from present condition. 

4.2   Comparison of damage  

Figure 6 shows the maximum flood depth of a 100 year event and the building damage, estimated 
using the parcel information in the baseline year, in a local region in Dhaka. Figure 7 shows the flood 
damage, using the UGM land cover classes, for the same area. The building layouts in Figure 7 are 
only for geographic referencing as the new DDC represents the statistic averages per unit area of a 
land cover class, and therefore the damage cannot be calculated for each building. 

The overall damage estimates using the detailed building data and the UGM land cover classes at the 
city scale are listed in Table 2 and Table 3, respectively. For Dhaka city as a whole, the approach 
using land cover classes overestimated the total damage by 29% 

Table 2 Total flood damage for a 100 year return period event estimated with the current building 

reality information for the baseline year 

Building use type Damage (USD) 

Comm. Activity              154,361  

Edu. & Resear.                54,519  

Gove. Services                27,274  

Mixed Use              652,138  

Manuf. & Proc. Activity              275,122  

Residential          3,514,702  

Total          4,678,115  

Table 3 Total flood damage for a 100 year return period event estimated with the land cover classes 

for the baseline year 

Land cover class Damage (USD) 

1              208,660  

2              399,085  

3              461,626  

4              576,391  

5              860,895  

6          1,027,854  

7          1,239,475  

8              737,415  

9              348,880  

10              193,718  

Total          6,053,999  
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Figure 6 The maximum flood depth and building damage of a 100 year return period event for the 
baseline year scenario 

 

Figure 7 Flood damage estimates for a 100 year return period event for the baseline year scenario 
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Figure 8 shows the land cover classes in the 2050s for the business-as-usual (BAU) high growth 
scenario predicted by the UGM. Compared to Figure 3, the extent of the developed area in the area 
only changes marginally but the intensity increases significantly. A comparison was done to estimate 
flood damage per unit area for the same 100 year return period flood event shown in Figure 8. The 
damage estimates increase due to the greater density of development in the area. If changes in the 
hydraulic conditions due to urban growth are taken into account, a different hazard scenario is 
obtained, as shown in Figure 9. Consequently, the flood damage shown in Figure 10 is higher 
because of the combination of more extensive and deeper flooding, as well as the intensified urban 
development. Table 4 shows the total flood damage for Dhaka City, for the 100 year return period 
event with and without the impact of urban growth on the hydraulic conditions for the 2050s BAU high 
growth scenario. The estimated total damage is between 5 and 12 times greater than for the baseline 
year scenario. 

Table 4 Total flood damage of Dhaka City for 100 year event without and with considering the impact 
of urban growth on hydraulic condition for the 2050s BAU high growth scenario 

Land cover class 

without the impact of urban growth on 

hydraulic condition 

Damage (USD) 

with the impact of urban growth on 

hydraulic condition 

Damage (USD) 

1  256,448   689,571  

2  852,033   2,374,623  

3  1,039,800   3,127,657  

4  3,992,739   11,608,190  

5  3,159,491   9,796,330  

6  3,671,932   9,652,179  

7  7,573,516   19,849,725  

8  4,311,490   7,483,553  

9  3,200,247   3,677,487  

10  1,692,655   4,038,611  

Total  29,750,350   72,297,925  
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Figure 8 The land cover classes for the same local region in Figure 2 for the 2050s BAU high growth 
scenario  

  

Figure 9 The flood damage of 100 year return period event (with the impact of urban growth on 
hydraulic condition) for the 2050s BAU high growth scenario 
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Figure 10 The flood damage of 100 year return period event (with the impact of urban growth on the 
hydraulic condition) for the 2050s BAU high growth scenario. 

4.3  Main factors in analysis 

The damage estimates were done after following several steps of analysis. In each of these steps 
several scenarios were developed. Economic growth modeling was done to determine future 
development potentials for Dhaka City. The scenarios in economic growth modeling contained high, 
medium and low growth based on population projections. But it was not possible to scale down the 
outputs from economic growth modeling to City scale or neighborhood scale. Similarly urban growth 
modeling also contained several scenarios which were BAU, BAU constrained and planned. Each of 
these contained the three scenarios for economic growth modeling. The scenarios for UGM 
considered additional local factors for city growth which included vulnerable areas due to flooding, 
restricted areas for wetlands and land-use zoning. These considerations are important for future city 
planning where it is important know the amount of damage due to flooding for different growth options. 
The outputs from urban growth model were used for flood modeling and also for damage assessment.  
Several representations of future urban characteristics were produced from UGM based on level of 
detail. But at the same time more detail can create more uncertainty. For hydraulic modeling the high 
urban growth modeling outputs were used in combination with the event occurred in 2004. A specific 
event was selected based on which it was possible to indentify and compare the impact of flooding 
due future development only. The hydraulic model only considered the change in run-off due to urban 
growth and not considered any changes in hydraulic properties in the future drainage characteristics. 
The outputs from the hydraulic model for 2004 condition and 2004 event happening in 2050 were 
considered for damage assessment. In the damage analysis the key considerations were estimating 
damage based on UGM outputs directly and based on building polygons. Results from 1m and 5m cell 
size for analysis were compared and were found to be insignificant.  Damage estimates are also 
depends on accuracy and classification of damage curves. Some differences were found between the 
estimations of UGM classes and Building uses. Which means the derived Depth-Damage-Curve 
(DDC) for UGM scenario may need further refinement to get better results.   
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5. DISCUSSION 

This paper describes the models developed in the CORFU project for Dhaka Case study and their 
application for flood management strategy development. A hypothetical scenario was considered and 
the models were applied to analyze the scenario. Using the models the key features important for 
analysis were identified. This also depicted the limitations of the models as well as the analysis. It was 
found that the model set-up, calibration and input are important considerations. For Dhaka City lot of 
the data required for model set-up and future scenario development was collected and then processed 
to meet the requirement of the Case Study area. The city areas outside the case study area can 
replicate the similar setup for model development. 

The results provided better understanding of flood impact, especially the direct damage, due to urban 
growth for Dhaka Case study area. This will aid the decision making during planning for City 
development. Many uncertainties were included in the analysis. Yet it provides an indication of the 
importance of urban growth modeling in relation to flood risk. A contemporary issue is climate impact 
assessment and this paper shows that urban growth is also a very important factor that needs to be 
considered. In developing countries like Bangladesh where huge urban growth is taking place and at 
the same time lots of uncertainty exits, urban growth modeling can be a very useful tool for decision 
making. Flood resilience is a key consideration in a modern city. Combination of urban growth model 
hydraulic model and proper damage assessment can provide details of flood impact for various 
conditions, which has been shown in this paper. Many more factors can be added to these tools to 
determine the measures that need to be taken to make a city flood resilient.    
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