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EXECUTIVE SUMMARY 

 
Global and Regional Context 
 
Low lying coastal areas are highly vulnerable to flooding. A number of recent studies have 
shown that coastal areas are vulnerable to a range of risks related to climate change including 
coastal flooding. Among these coastal areas, the Inter Governmental Panel on Climate Change 
specifically identifies as hotspots the heavily urbanized megacities in the low-lying deltas of 
Asia (IPCC, 2007). Within Asian countries, India is particularly vulnerable with its 7,500 km 
long predominantly low-lying densely populated coastline. The first global assessment of the 
exposure of port cities lists Kolkata and Mumbai in India among the top ten cities that have high 
exposure to flooding under the current climate change forecasts (OECD, 2007). The study also 
shows that exposure will 
increase in the future and 
that by 2070 Kolkata is 
expected to lead the top 10 
list in terms of population 
exposure. 

 
As a response to these 
potential effects, a regional 
study to assess the impacts 
of climate change on major 
coastal cities in Asia has 
been undertaken. This work 
involves the World Bank in 
collaboration with the Asian 
Development Bank (ADB) 
and the Japan Japan 
International Cooperation 
Agency (JICA). These three 
organizations have 
undertaken four country 
level studies that will be 
presented individually and 
through a joint synthesis 
report on the main findings. 
The case studies include 
those for Manila led by the JICA, Ho Chi Minh City led by the ADB and Bangkok and Kolkata 
led by the World Bank. 
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14.7 million, of which KMC accounts for 4.6 million people. The average population density in 
KMA is 7,950 persons per km2 while KMC, the more urbanized heart of KMA is denser with a 
population density of 23,149 persons per km2. The average per-capita income in KMA in 2001-
02 was $341 at 1993-94 prices.  
 

The Study Area 

 
 
A special characteristic of KMA is its large slum population with more than a third of the 
total population residing in slums. These slums not only lack basic infrastructure and services but 
are also the hub of many informal manufacturing activities some of which involve highly toxic 
industries. Little oversight of such activities is carried out by government agencies. This mixed 
residential and commercial/industrial character of land use in slums make these areas highly 
vulnerable to extreme weather related events, especially flooding. 
 
Methodology 
 
The study modeled the impact of climate change on increased flooding in KMA. The main 
causes of flooding in KMA are intense precipitation, overtopping of the Hooghly River due to 
water inflow from local precipitation as well as that from the catchment area, and storm surge 
effects. Land subsidence was not included in the study as it was felt to be a localized problem in 
only a few pockets. The inputs in the study covered three main sources that aggravate flooding in 
KMA: 
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characteristics of the population. Of these, the relevant socio-economic characteristics of the 
population and the existing infrastructure were combined to develop a Social Vulnerability 
Index. The outputs from the model that provided the depth and duration of flooding were used to 
build a Flood Vulnerability Index. A Land-Use Vulnerability Index was then developed based on 
the prevailing land-use pattern. Finally, the three separate indices were combined to form a 
Composite Vulnerability Index.  
 
Ward and sub-ward level vulnerability analysis were undertaken. To evaluate the impact 
from flooding in the KMC area, the vulnerability was first assessed at macro level by taking each 
ward as the smallest unit. This analysis helped identifying the 10 most vulnerable wards that may 
need specific attention while designing adaptation strategies. Thereafter, to ascertain the 
vulnerability within each ward in greater detail the analysis was extended to the sub-ward level 
using spatial data.  
 
Damage assessment. The vulnerability analysis was followed by a separate economic damage 
assessment. This was also restricted to KMC area as key data used in the analysis were available 
only for KMC and not for entire KMA. The damage was estimated based on the stock and flow 
damages. The stock damage measured primarily physical damage arising out of water 
submersion (sectors include residential buildings and property, commercial and industrial 
establishment as well as major public infrastructure). Flow damage includes for example loss of 
income and increased morbidity, which are primarily linked to the duration of a flood. The  
damage estimates were based on data extrapolated to KMC population for 2050. However, no 
additional investments in flood protection measures that may be implemented in future to lower 
flood damage were assumed in the analysis. Inflation was also not considered, and all estimates 
were done using 2009 year prices. Damage assessments were estimated for the 100 year flood 
return period and the A1F1 climate change scenario to determine the additional damage caused 
by climate change effects.  
 
Adaptation analysis.  Finally, a separate analysis was done to examine adaptation measures in 
KMC that can alleviate some of the problems posed by flooding. The analysis mainly focused on 
gains from the complete desiltation of trunk sewers by modeling flooding under a completely 
desilted trunk sewers scenario. Other proposals of building new sewers and upgrading of sewers 
in vulnerable areas identified by the study were examined. Other infrastructural and non-
infrastructural changes including institutional changes that can help cope with future flood 
damage were also examined.  
 
Main Findings 
 
First finding: The most vulnerable wards to climate change  
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Based on the hydrology, hydraulic and storm drainage modeling as well as on the vulnerability 
analysis, the study was able to identify the most vulnerable wards to climate change. These 
wards are: 14, 57, 58, 63, 66, 67, 74, 80, 108 (see Figure 4.2). Of these wards, the vulnerability 
of 6 wards (14, 57, 58, 66, 67, and 108) in the eastern part and ward 80 can probably be 
explained by the inadequate infrastructure, unplanned land-use, and poor socio-economic and 
environmental conditions. The infrastructural problems are getting even worse in recent times 
with increased building activity as these areas have become attractive to developers after 
becoming part of KMC. 
 
The other 2 wards (63 and 74) have been identified as highly vulnerable due to their topography. 
In these wards the capacity of the sewerage systems have not kept pace with the changes in 
population as the city has evolved. These have been further aggravated by inadequate 
maintenance as well as the siltation of the existing trunk sewer systems that have considerably 
reduced their carrying capacity. While the sewer networks in KMC under such partially silted 
condition still provide reasonable hydraulic capacity for carrying the dry weather flow, they 
prove highly inadequate for carrying the storm weather flow even with normal precipitation 
during the rainy season. 
 
Second finding: additional loss likely to occur due to climate change 
 
Overall the study finds that the damage from a 100 year flood will increase by about US$800 
million to more than US$ 6.8 billion in 2050 due to climate change (A1F1 scenario). The 
impacts by sector in India Rupees are shown in the chart below. These are computed at 2009 
prices.  Local currency is converted to US $ using the Purchase Power Parity index for India of 
2.88 (IMF, 2009). The largest component of damage under both the 100 year return period flood 
and the A1F1 climate change scenario are accounted for by residential property and buildings 
and health care. Commerce, industry and other infrastructure like roads and transport services 
also witness significant damage. It is important to note that due to data constraint, some impact 
could not be quantified in this analysis. Therefore the estimates provided are likely to understate 
the overall impact of climate change.  
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Total losses in major sectors in KMC (Rs million in 2050) 

 
 

Third finding: investing in de-silting of trunk sewers will reduce area and population affected 
by floods.  
 

The study looked at the impact of investing in de-silting trunk sewers both in the town and 
suburban systems of KMC. The business as usual scenario considers an average 30% silting in 
trunk sewers. The adaptation scenario considers investing in de-silitng and reducing it to zero.  
The findings indicate that this simple investment can reduce the area affected by a flood by 4% 
per cent and the population affected by floods by at least 5%. 
 

Adaptation Measures 
 

The current adaptation deficit. Urban flooding is a recurring phenomenon that Kolkata faces 
every year during the monsoon period. The local population has learned to adapt by developing a 
number of coping strategies for facing such periodic episodes of flooding. However, climate 
change is likely to intensify this problem through a combination of more intense local 
precipitation, riverine flooding in the Hooghly and coastal storm surges. If such intense 
precipitations are accompanied by extreme weather events such as cyclones, it can lead to 
widespread and severe flooding that can bring the city to a standstill for a few days. A major 
cause of such periodic flooding during the rainy season is the current adaptation deficit that 
Kolkata faces to cope with such recurrent events. This arises not only from deficiencies in 
physical infrastructure that lead to flooding but also from problems with land-use, socio-
economic and environmental factors that can aggravate the impact of such flooding.  
 

Adaptation Strategy. As the impact of flooding is likely to grow in the time horizon of 2050, 
the city needs a comprehensive and effective strategy that invests in both soft and hard 
infrastructure to tackle flooding problems in Kolkata. The goal of the strategy is to (i) reduce the 
percentage of people affected by flooding and sewage related diseases in KMC; and (ii) target 
the most vulnerable areas. The strategy should include preparedness both before and during the 
event as well as post-event rehabilitation strategies.  
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Chapter 1. INTRODUCTION  
 
 
1.1 BACKGROUND 
 
1.1 Recent climatic events have illustrated that coastal areas are vulnerable to a range of 
risks related to climate change. The Inter Governmental Panel on Climate Change (IPCC) 
specifically identifies as hotspots the heavily urbanized megacities in the low-lying deltas of Asia 
(IPCC, 2007). Among Asian countries, India is particularly vulnerable with a 7,500 km long 
coastline that is predominantly low-lying. These coastal areas are also densely populated with about 
130 cities, including megacities such as Mumbai, Kolkata, and Chennai. Most cities in India contain 
large and densely populated conglomerations of slums and shanties that are invariably located in 
areas most vulnerable to flooding. Indeed, flooding is a recurrent annual feature following the 
monsoons in these cities. Such flooding conditions and associated impact caused by weather related 
events may dramatically worsen into disasters with the addition of the increased risk of storm 
surges, cyclones, and intense precipitation induced by climate change effects.  
 
1.2 Potential climate changes are likely to cause an increase in the frequency and intensity 
of these natural disasters. Anticipated risks include an accelerated rise in sea level of up to 60 cm 
or more by 21001, a further rise in sea surface temperatures by up to three degrees centigrade, an 
intensification of tropical cyclones, and large extreme waves and storm surges.  According to the 
first global assessment of the exposure of port cities to coastal flooding and likely climate change 
impact on this flooding (OECD, 2007), Kolkata and Mumbai feature in the top ten cities with the 
maximum exposure to flooding under the current situation. In fact, the study shows that the 
exposure only increases by 2070 when Kolkata is expected to lead the top 10 list in terms of 
population exposure. Although there is considerable uncertainty in the estimation of risks posed by 
climate change, it is increasingly apparent that cities, particularly those located in low-lying coastal 
areas, such as Kolkata, need to manage and adapt to those risks as part of their broader planning 
processes.   
 
1.3 Adaptation to face the challenges posed by climate change is critical. While a number of 
cities are taking steps to mitigate their carbon footprint, there has been relatively less attention on 
how developing country cities can adapt and respond to climate change risks. Given the ever-
increasing urbanization and the importance of cities as drivers of economic growth, the need for 
adaptation measure at the city level is even more critical, especially to address the vulnerability 
arising out of informal labor markets and unorganized income generating and production sectors. 
Furthermore, the characteristic features of many developing country urban areas include large 
concentrations of population, unplanned and unregulated development with scant attention to 
environmental issues or building standards, and limited infrastructure and service delivery (such as 
                                                 
1 Estimates regarding sea level rise vary. A recent Science article estimates increases ranging from 80 cm to 200 cm by 
the end of the century. See http://Sciencenow.Sciencemag.org/cgi/content/full/2008/904/1?etoc 

http://sciencenow.sciencemag.org/cgi/content/full/2008/904/1?etoc
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1.4 APPROACH AND METHODOLOGY 
 
1.8 The study has been carried out in a number of phases. Figure 1.1 below provides the 
workflow of the methodology used for the study. Once the scope and the project area for the study 
were identified, relevant information that could prove useful for future modeling and analysis was 
collected by Integrated Natural Resources Management (INRM), the principal consultants for the 
study. The counterparts for the study in the Government of India include the Ministry of 
Environment and Forestry (MOEF) at the Federal level and the West Bengal Pollution Control 
Board (WBPCB) at the State level. Detailed modeling of the effects of climate change as it relates 
to increased precipitation and water flow was carried out next to assess the likely extent and 
duration of inundation in the study area.  
 

Figure 1.1  Workflow methodology for climate change impact assessment in Kolkata 

 
 

1.9 Emission Scenarios. The uncertainties of possible future climate change conditions 
mandate the use of a range of scenarios while conducting impact studies. The IPCC Special Report 
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on a continuing basis throughout the course of the study. In an inception meeting, the team of 
consultants conducting the analysis made presentations before local government stakeholders about 
the approach of the study. Officials from the WBPCB, the Institute of Wetland Management and 
Ecological Design, and a number of specially identified agencies, departments and organizations 
attended that meeting. Opportunities were also created for these representatives to interact with the 
study team at various points during the timeline of the study. The many valuable suggestions 
received from the participants during such discussions were duly incorporated in the final study. 
 
1.11 Specific training was also provided about the modeling. A training workshop was held in 
Kolkata during the mid-course of the study (February 20-21, 2009). The training was attended by 
members of the climate change cell in WBPCB as well as by various government departments 
identified as key stakeholders for this study. The workshop covered all the models namely, SWAT 
(Soil and Water Assessment Tool) hydrological model, HECRAS (Hydrologic Engineering Centers 
River Analysis System) hydraulic model, and SWMM (Storm Water Management Model) urban 
hydrological model. Besides presentations on the theoretical background of these models, live 
demonstrations were made using the data of the Kolkata case study. All the models were loaded4 on 
the computers in the WBPCB along with the appropriate databases of Kolkata. This will enable 
future refinement of the modeling and analysis by local officials as improved data becomes 
available. Besides the live running of the models, the background material and manuals were 
installed on the systems. Specialized tutorials were also formulated using the Kolkata case study 
and were used for hands-on sessions by the participants. These databases and the various scenarios 
used under alternative model runs were subsequently updated on the occasion of a later interaction 
with the members of the climate change cell.   
 
 
1.6 ORGANIZATION OF THE REPORT 
 
1.12 The report consists of two primary segments, the main report and a set of annexes. The 
main report consists of six chapters and an executive summary. Chapter 1 is an introduction to the 
study while the Chapter 2 describes the study area with historical background information. Model 
development and simulation to determine the timing and magnitude of floods of different return 
periods used for flood hazard analysis is covered in Chapter 3. Chapter 4 describes methodology to 
determine vulnerability of the area and subsequently provides analysis utilizing the results of the 
flood modeling to identify areas, populations, and facilities that are vulnerable to flood hazards. 
Chapter 5 presents the damage assessment. Chapter 6 covers local institutional capacity, details of 
ongoing projects addressing possible mitigation, local coping strategy and adaptation options. 
Details of all the simulation models used for the study and complete scenario results are presented 
as Annexes. 
  

                                                 
4 All these models are public domain models and thus do not require licenses for use. 



http://en.wikipedia.org/wiki/Kolkata_Municipal_Corporation




http://www.kmdaonline.org/html/about-us.html





















































































































































