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Being a heavily populated coastal city, 
Mumbai is highly vulnerable to impacts of 
climate change. Extreme weather events, 
flooding, sea level rise, missing winter, urban 
heat island effect, some of these effects 
have already started to show up. Whereas 
the municipal corporation has undertaken 
projects to adapt the city to threats of climate 
change, most of these projects are disjointed 
and lack a comprehensive plan. 

Mumbai is no stranger to flooding. Every 
year during the monsoon season, low-lying 
areas of the city get submerged in knee-
deep water. Mumbaikars are habituated 
to such ‘regular’ flooding. However, July 
26, 2005 is a watershed moment in the 
history of Mumbai. On this fateful day, the 
metropolis received an unprecedented 
rainfall of 944 mm in 24 hours. The entire 
city was flooded, bringing life to a standstill. 
The horror of floods caught both the people 
and the government unaware. 

Public transport, including local trains, 
halted. The airport was shut down. A large 
number of Mumbaikars were marooned 
overnight on the roads. Some remained 
locked up inside their cars and died of 
suffocation. A few were electrocuted, 
many drowned and innumerable lives were 
washed away by the gushing water. Those 
who remained at their workplace were 
considered fortunate. A large number of 
children spent the night at higher floors of 
their schools. 

As telephone lines went dead, people 
were unable to find the whereabouts of 
their loved ones. Both water & electricity 
supply was snapped across the city. This 

extreme weather event killed 914 people 
and led to a conservative financial loss of  
Rs 450, 00, 00,000.1 The night of July 26-27, 
2005 is rightly considered the darkest night 
of Mumbai. 

Whereas the government pushed the blame 
on ‘natural’ disaster, God’s fury and one-in-
a-hundred-years episode, experts claim the 
coastal city of Mumbai has every reason 
to expect more such extreme weather 
events (see box 1: More floods, no winter). 
Climate change is expected to increase 
the severity and frequency of flooding 
(see table 1: Estimated economic losses 
due to the impact of climate change in 
Mumbai). As per a 2007 study conducted 
by A S Unnikrishnan and D Shankar of Goa-
based National Institute of Oceanography, 
mean sea-level-rise trends along the Indian 
coasts are about 1.30 mm per year. Mumbai 
is witnessing 0.77 mm per year sea-level-
rise based on the last 113 years of tide-data 
gauge.2 

“It is a well-documented fact that events 
such as 2005 floods will not remain a once 
in 50 year’s episode. They will happen more 
frequently. Thus, the government and the 
local administration need to undertake 
urgent steps to adapt the city to climate 
change,” said Anand Patwardhan, professor 
at Shailesh J Mehta School of Management 
of IIT Bombay.3 Patwardhan has researched 
on policy responses to climate change, 
including adaptation and mitigation. 

Strengthening the city’s infrastructure 
to better resist flood risks is not an easy 
task. This is because of several reasons — 
scarce land, surrounded by the sea on three 
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sides, several low-lying areas, dilapidated 
infrastructure, rapid urbanisation, very 
high population density, huge informal 
settlements, public transport bursting at 
the seams, and poor building regulations.

However, adaptation can be efficient to 
reduce some climate change impacts. 
For instance, Netherlands is experiencing 
a seal-level-rise of 0.2 m a century. After 
the 1953 great flood, institutional and legal 
innovations were implemented to manage 
future risks. Climate change is now naturally 
taken into account, and flooding risks are 
monitored and managed on regular basis. 

Keeping in mind the present condition 
of Mumbai’s infrastructure, which is 
dilapidated and set for an overhaul, it is 
crucial to factor in climate change & then 
make long-term investments in sectors, such 
as water management; sewerage; energy 
production & distribution infrastructure; 
transportation infrastructure; urbanism, 
housing & architecture; and natural disaster 
protections. This will help the city adapt & 
deal with the challenges of climate change. 

Box 1: More Floods, No Winter

In its 2009 report, Environmental degradation, disasters and climate change, the India 
Meteorological Department’s (IMD) regional team at Mumbai analyzed 100 years of 
weather data from 1901 onwards and found a rise of 1.62◦C in the average maximum 
temperature of Mumbai. Winters are already giving Mumbai a miss, claimed this report. 
IMD also noted that 2001 onwards rainfall over Mumbai has increased. This could be 
due to a change in the lapse rate or the rate of change of any meteorological element 
(temperature in this case) with altitude. The lapse rate determines the growth of 
clouds. The lapse rate is increasing with the cooling of air in the upper atmosphere and 
warming of the lower atmosphere. With such a steep lapse rate, cloud formation will 
be rapid and there will be more thunderstorms. There will also be heavy precipitation, 
warned the IMD report.4 

More recently, UK-based Maplecroft’s Climate Change and Environmental Risk Atlas 
2013 has ranked Mumbai eighth in the global list of total 50 cities (chosen for their 
current and future importance to global business) that face a range of risks due to 
climate change. The 2013 atlas clubs Mumbai under “high risk” category in the climate 
change vulnerability index (CCVI). The CCVI has been developed by Maplecroft to 
identify risks to populations, company operations, supply chains and investments in 
197 countries. It evaluates exposure to climate related natural hazards; the sensitivity 
of populations; development; natural resources; agricultural dependency; research 
and development; government effectiveness and education levels.5
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Type of impact Type of costs and period of impact
Cost in rupees 
(crore)

Dislocation due to extreme events of flooding of low-
lying areas —every 5 years till 2050

Cumulative costs over the 
period 2005–2050

407.6

Material damage to low-lying areas due to extreme 
events — every 5 years till 2050

Cumulative costs over the 
period 2005–2050

6,413

Mortality costs due to extreme events of flooding — 
every 5 years till 2050

Cumulative costs over the 
period 2005–2050

3,050

Disability — adjusted life years (DALYs) lost due to 
diseases like malaria, diarrhoea and leptospirosis

Cumulative costs over the 
period 2005–2050

3,153

Building — foundation damages for the period till 2050 
due to sea — level rise

Single-cost estimate 
for the year 2050

1,501,725

Tourism loss: less number of tourists visiting Mumbai
Single-cost estimate for the 
year 2050, as compared 
with the base year 2005

1,963,500

Source: Sibananda Senapati and Vijaya Gupta 2012, Presentation on Dying fisheries in a changing 
environment: A study on livelihood strategies of fishery communities in Mumbai, India, National Institute 
of Industrial Engineering, Mumbai.

Table 1: Estimated economic losses due to the impact of climate change in Mumbai

1.Mumbai’s challenge of staying afloat

Mumbai has a unique topography. Whereas 
the island city is made up by the merger of 
seven islands, the suburbs consist of four 
islands and some hilly areas. Much of the 
city lies just above sea level, with average 
elevations ranging from 10 m to 15 m. A 
large part of the city sits upon reclaimed 
land (see map 1: Mumbai, an amalgamation 
of islands). Railway lines are typically about 
10 m above low tide level and the subways 
are very close to the high tide level. 

Mumbai’s gravity drainage system was 
designed in 1920s, and is affected by low 
and high tides. During high tide, flood gates 
are closed to stop ingress of sea water. 
Thus, if high tides and heavy rains occur 
at the same time, there is no drainage of 
storm water and large parts of the city get 
flooded. 

The storm water drainage network of the 
city is over 100 years old, and is designed 
for a rainfall of 25 mm per hour and a run-
off coefficient of 0.5 only [The percentage 
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Map 1: Mumbai, an amalgamation of islands

Reference: Gazetteer of India, Maharashtra State, History of Bombay, Modem Period 1987
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of rainfall that appears as storm water 
run-off from a surface is called the run-
off coefficient]. However, under present 
circumstances, when the city is over-
developed with major changes in land-
use pattern, the run-off co-efficient has 
increased to 1. The storm water drains do 
not have the capacity to drain out excess 
water from the city. 

Interestingly, both Mumbai and Singapore 
receive about 2,500 mm rainfall per 
annum. But, Singapore’s rainfall is better 
distributed over the year, whereas Mumbai 
receives majority of rainfall during the two 
months of July and August. Analysis by 
an ex-officer of Municipal Corporation of 
Greater Mumbai (MCGM) shows that the 
ratio of the number of flooding days with 
rainfall of more than 75 mm have increased 
from 1:7 in the 1940s to 1:1 in the 1970s to 
1.5:1 in the 2000s.

1.a Mumbai’s little-known river system

Till July 26, 2005, both the authorities 
and the residents of Mumbai did not 
know there are rivers criss-crossing the 
metropolis and draining excess water 
into the sea. To them the Mithi river was 
a mere stinking nullah, which over a period 
of time had been encroached, both legally 
and illegally, to construct buildings and 
other infrastructure projects. The floods 
of 2005 brought to the fore the fact that 
Mithi is an integral part of city’s drainage 
network. And so are the other rivers – 
Oshiwara, Poisar and Dahisar (see box 2: 
Mumbai’s river system, and map 2: Mumbai’s 
river systems). 

The floodplains of these rivers have 
completely disappeared and are thickly 
populated. The course of some rivers have 
been diverted, such as Mithi River near the 
airport, to facilitate construction activities. 
“The administration does not understand 
that rivers are not nullahs. They have their 
own course and cannot be channelized like 
gutters. If we tinker too much, the rivers 
will fight back with vengeance, as Mithi 
did on July 26 when it breached the airport 
wall and flooded the runway,” warned 
Girish Raut, an advocate and environment 
activist based in Mumbai. “The reason why 
rivers have floodplains is because rivers 
are expected to flood. Mumbai has eaten 
into floodplains of all the rivers,” added 
Patwardhan.

Map 2: Mumbai’s river systems

Source:http://upload.wikimedia.org/wikipedia/
commons/6/69/River-Geography-Mumbai.png 
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Box 2: Mumbai’s Unknown Rivers

Mithi River: It originates from the overflow of Vihar Lake and also receives the 
overflows from Powai Lake about 2 km later. It flows for a total of 15 km before 
meeting the Arabian Sea at Mahim Creek. It is a natural drainage channel for Mumbai 
suburbs carrying excess waters during the monsoons.

Oshiwara River: It begins in the Aarey Milk Colony, cuts through the Goregaon hills, 
before emptying into the Malad Creek. On its way, it picks up industrial effluents and 
sewage from various colonies, slums and industrial estates. It is a highly polluted and 
encroached upon river. For instance, most of the call centres in Malad area of Western 
Suburbs have been built on reclaimed ground at the mouth of river.6

Dahisar River: It is a river in the northern suburbs near Dahisar and originates from 
Tulsi Lake in Sanjay Gandhi National Park. The river is currently highly polluted with 
the dumping of industrial effluents from workshops, and sewage from slums and 
storm water drains. The river empties into Manori Creek.7

Poisar River: This river also begins in the Sanjay Gandhi National Park, but empties 
into the Marve Creek. It is a small stream, which is highly contaminated because of 
industrial effluents and sewage.8

2.Slew of projects

“Post 2005 flood, the MCGM has 
undertaken various initiatives/projects --- 
adaptation strategies – to prepare the city 
better and adapt it to various impacts of 
climate change. Most of these projects are 
in accordance with the recommendations 
of the Chitale committee,” said Rajiv 
Jalota, additional Municipal Commissioner, 
MCGM.9 The Chitale committee, headed 
by Madhav Chitale, was a fact-finding 
committee set-up by the State Government 
to investigate the reasons behind the 
July 26 flood. This Committee submitted 
its exhaustive 283-page report in 2006. 

Before the Chitale Committee, there were  
a few more committees that had warned 
the city administration about mindless 
development and neglect of the local 
water systems. But, all these reports were 
ignored (see box 3: Forewarnings ignored). 

The officials at MCGM claim they have 
now finally woken up to the challenge. “We 
are following a variety of measures, such 
as widening and deepening of nallahs, 
setting up pumping stations, widening 
of underground drainage network in  the 
island city, widening of open drains in the 
suburbs, contour mapping, etc. Some 
of these activities have been finished, 
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whereas others are ongoing,” informed L S 
Vhatkar, Director (ES&P), MCGM.10 Vhatkar 
is responsible for the entire drainage and 
sewerage network of Mumbai.

The Mithi river, the main channel for 
draining excess water from the city, has 
taken centre stage. Every year before the 
the onset of monsoon, tenders are floated 
for desilting of the river to increase its 
capacity to carry storm water and run off. 
This has become a business in itself. 

 

Box 3: Forewarnings Ignored
i. Natu Committee Report, 1975 
ii. Report on Model Studies on the effect of proposed Reclamation in Mahim Creek 
(Bandra-Kurla Complex) by the Central Water and Power Research Station (CWPRS), 
1978
iii. Dharavi Storm Water Drainage System -- Detailed Project Report by Shah Technical 
Consultants (STC), 1988
iv. Paranjape Committee for development of a gated barrage across the mouth of the 
Mithi River in 1988
v. Brihanmumbai Storm Water Drainage Project (BRIMSTOWAD) Report, 1993
vi. The Mithi River Water Pollution and Recommendations for its Control – Klean 
Environment Consultants, 2004
Source: Making a sewer... river again, ORF Mumbai,
http://www.indiawaterportal.org/sites/indiawaterportal.org/files/why_mumbai_
must_reclaim_its_mithi_gautam_kirtane_orf_2011.pdf
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2.a Desilting and widening of nullahs 

According to a presentation, Adapting to 
climate change in Asia’s coastal megacities, by 
Kishore Gajbhiye, Ex-Additional Municipal 
Commissioner of the MCGM, in phase-I, 
5.68 lakhs cubic metre (cu m) silt has been 
removed from Mithi. Another 3.70 lakh cu 
m was removed in phase-II after March 
2007. Apart from this, 2,652 residential and 
1,148 commercial structures have been 
removed. About 1,769 residential and 349 
commercial structures are rehabilitated. 

However, activists and environmentalists 
allege there is lack of co-ordination between 
the MCGM and the Mumbai Metropolitan 
Region Development Authority (MMRDA), 
both of which are responsible for desilting 
the river and depositing the silt at 
Kanjurmarg and Mulund dumping grounds. 
For instance, in May this year, politician 
and activist Kirit Somaiya filed a PIL in the 
Bombay High Court alleging the removed 
silt was being dumped along the river and 
would be washed back into the river.11 

According to Vhatkar, as of October 2013, 
Mithi river has been desilted upto the lakes, 
from where the river starts its journey. 
It has also been widened wherever land 
was available on the sides of the river. 
However, questions are being raised on the 
efficacy of the desilting operations. “Both 
Kanjurmarg & Mulund dumping grounds 
are not scientific landfills. They are not 
in accordance with the municipal solid 
waste management rules and are a major 
cause of environmental pollution. As far 

as adaptation strategies are concerned, 
the government lacks a holistic approach. 
In order to solve one problem, it ends up 
creating few more,” said Rishi Aggarwal, 
a civic activist and member of Observer 
Research Foundation (ORF) Mumbai. 

Apart from desilting, the corporation is also 
widening the existing nullahs. The length of 
major nullahs across Mumbai is 340 km. 
A large number of nullahs are at present 3 
metres wide. These are being widened as 
per the available space. In the island city, 
the underground arch drains are over 100 
years old and were built by the British. 
These are 8×4 metres wide and run 10 
feet below the ground surface. “There is 
not much scope to widen the underground 
arch drains... A total of 30 km arch drains 
had to be rehabilitated. We have already 
completed a 20 km stretch. The rest 10 km 
will be done by May-June 2014,” assured 
Vhatkar.12 This is expected to take care of 
drainage of excess water from the island 
city.

In the case of the suburbs, there are only 
open drains and no underground drains. 
Thus, there is a scope for widening these 
drains. The Chitale committee report had 
recommended widening of 4 m drains to at 
least 6 m. According to Vhatkar, these open 
drains are being widened. In some places, 
there is no scope for widening because of 
heavy construction along the drains. The 
corporation is digging additional drains in 
such areas. 
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Categories Unit

Rs. in crore

City Area
Western 
Suburb

Eastern 
Suburb

Total

Rehabilitation of old SWD system 24.45 km 203.62 203.62

Widening and training of nullahs 102.95 km 153.33 272.31 283.27 708.91

Pumping stations 8 number 148 111.00 29.00 288.00

504.95 383.31 312.27 1200.53

Source: Kishore Gajbhiye 2009, Additional Municipal Commissioner MCGM, A presentation on 
Adapting to climate change in Asia’s coastal mega cities

Table 2: Proposed category of works and fund requirement

Drains that have less than 1.5 m width are 
called minor nullahs and fall under the local 
ward offices’ jurisdiction. These drains are 
200 km in length. Apart from major and 
minor drains, Mumbai also has road side 
drains that run for 2,000 km. These are 
also being desilted and widened by the 
corporation. 

2.b Two decades post BRIMSTOWAD 

The most crucial adaptation strategy for 
Mumbai --- the much-hyped BRIMSTOWAD 
(Brihanmumbai Storm Water Drainage) 
project – still remains incomplete. 
Wayback in 1989, the MCGM appointed 
M/s Watson Hawksley India Pvt Ltd to 
study the storm water drainage system of 
the entire city. The consultant submitted 
its final report in 1993, 20 years ago, with a 
series of recommendations. 

Apart from other measures, the report 
recommended increasing the capacity of 
storm water drains considering rainfall 

of 50 mm per hour. The present capacity 
of Mumbai’s storm water drains is 25 
mm rainfall per hour. “As per the latest 
estimates, the rainfall has increased and 
we need to prepare the drainage system 
for 55 mm per hour capacity. Municipal 
Corporation is already working on it,” said 
Jalota. 

In 1993, the total cost of the project was  
Rs. 616.30 crore. However, the projects 
could not be undertaken systematically due 
to financial constraints and encroachments 
on various sites. Twenty years later, the 
cost of the project has jumped up to  
Rs. 1,200 crore (see table 2: Proposed 
category of works and fund requirement). 
Further, the cost of rehabilitating project 
affected persons is pegged at Rs. 600 
crore. The MCGM is still struggling to 
implement the recommendations of the 
BRIMSTOWAD report.
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Post 2005 flood, projects under 
BRIMSTOWAD received a fillip. The Prime 
Minister sanctioned a special grant of 
Rs 1,200 crore outside of JNNURM 
(Jawaharlal Nehru National Urban Renewal 
Mission) as 100 per cent subsidy. The 
work under this grant involves widening of 
drains, construction of pumping stations 
and rehabilitating slums up to 01.01.2000. 
The following projects are being carried out 
under BRIMSTOWAD project with aid of the 
Central government :

• GIS based urban Storm Water 
Drain management system.

• Hydro mechanism of Storm 
Water Drain System.

• Flood warning system.
• Rehabilitation / upgradation of 

nullahs/ storm water system.

“There are some areas in the city where 
widening of drains is not possible. In 
such areas, the BRIMSTOWAD report has 
recommended setting up of pumping 
stations to throw out water in the sea. The 
1993 report has recommended 8 such 
pumping stations – 5 in the island city 
and 3 in the suburbs,” informed Vhatkar. 
“Of these 8 pumping stations, two have 
already been constructed at Haji Ali 
and Irla. Work is under progress for two 
more stations at Love Grove in Worli and 
Cleveland Bunder in Reay Road. For the 
last 2 pumping stations at Khar Danda and 
Britannia, tender process is on,” he added. 

According to Vhatkar, the two proposed 
pumping stations at Mahul and Mogra 
have run into rough weather due to the 

presence of mangroves. “Our proposal 
to set up pumping stations at these two 
sites was shot down by the Union Ministry 
of Environment and Forests. However, 
we have modified the plan asking for re-
plantation of the mangroves at an alternate 
site. We are waiting for the ministry’s 
approval,” said Vhatkar.

In a nutshell, under phase-I of the 
BRIMSTOWAD report, 20 works were listed. 
Of these, 15 have already been complete, 
whereas five are facing difficulties due to 
the problem of encroachments. Under 
phase-II, 58 works were listed. Of these 
34 have been started, two completed and 
32 are under progress. Implementation 
of the BRIMSTOWAD project has already 
been delayed by 20 years. And, it seems it 
will take couple of more years before the 
corporation can complete all the works. Till 
then, Mumbai will remain on tenterhooks. 

According to MCGM officials, the 
corporation faces two key hurdles while 
implementing BRIMSTOWAD projects. 
Firstly, encroachment on the site and 
rehabilitation of the people. Secondly, 
taking care of utilities, such as cables, 
gas pipelines, etc. while carrying out the 
projects. Both these factors slow down the 
pace of project implementation. 
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2.c Flood warning system and emergency 
response 

The flood warning system consists of 
automatic rain gauges to study exact 
pattern of the rain all over the island city 
and suburb. “Since the fire brigade is the 
first respondent and is on 24 hours alert, 
the MCGM has installed rain gauges at 26 
fire brigade stations – across Mumbai. 
These rain gauges data is transmitted 
to the control room every one hour,” said 
Jalota. The rain gauges can be further 
calibrated to give alarms at prefixed rainfall 
intensity (above 20 mm rainfall). This data 
can serve as warning and evacuation 
signals if required. The approximate cost 
the of equipment / system is Rs 2 crore. 

The MCGM has also set up an Emergency 
Operations Centre (EOC), which is 
equipped with an array of communication 
systems – satellite phones, ham radios, 
TETRA (Terrestrial Trunk Radio Access); 
video-conferencing setup; water supply 
and ration stocks, etc. 

“MCGM is the only corporation in India 
that has undertaken an aerial survey of the 
entire city and has prepared the detailed 
contour maps. This task was completed in 
2009-2010 and is more accurate than a GIS 
map. This map can help predict the extent 
and intensity of area-wise flooding during 
rainfall. It can thus be used to evacuate 
people in case of extreme weather events,” 
informed Vhatkar.

2.d Disaster preparedness

The MCGM has put in place a robust 
disaster management system, which 
includes 196 temporary pumps to 
discharge water; zone-wise six search and 
rescue teams under the fire brigade; 500 
additional BEST buses. Apart from this, 
288 retaining walls in 74 places have been 
undertaken by the Slum Improvement 
Board. The State Government has also 
set up a State Disaster Management 
Sub-Committee for Mumbai, which is 
headed by ACS (Home). There are ward-
wise Disaster Management Committees 
headed by the Assistant Commissioners 
of the respective wards. 

The MCGM is undoubtedly trying to reduce 
risks that Mumbai faces due to climate 
change. However, all these projects are 
disjointed and lack a comprehensive 
plan. For instance, drainage is looked 
after by one department headed by 
Vhatkar. The warning system and disaster 
management is the responsibility of the 
disaster management department of 
the corporation. Making the city more 
pedestrian-friendly and promoting public 
transport system is looked after by the 
roads department. Dilapidated buildings 
and building codes fall under Development 
Plan (DP) department. 
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3.Will Mumbai swim or sink?

According to the findings of a 2010 OECD 
study, ‘Flood Risks, Climate Change Impacts 
and Adaptation Benefits in Mumbai’, by 
2080s, an upper bound climate scenario 
could see the likelihood of a 2005-like 
event more than double. Financial losses 

could also triple compared with the 2005 
situation. Rapid urbanisation will further 
increase the risk level.

However, all is still not lost. In June 2011, 
MCA4 climate published a case study 
titled ‘Flood risks, Infrastructure Resilience 
and Climate Change Adaption in Mumbai, 

Table 3: Policy options to increase infrastructure resilience in Mumbai

Policy Instrument Description 

Public transport

Infrastructure development 
would be funded through 
a combination of taxation 
and public investment.

Build the planned transport link on stilts as opposed to 
underground. Significant new infrastructure would be required 
to complete the project, which would bring the opportunity to 
link to the wider transport network (monorail and roads) creating 
better city-wide mobility.

Building codes
Command and control type 
regulatory instrument.

Amend existing building regulations and Amend existing building 
regulations and introduce new regulations where necessary to 
ensure that in 20 years’ time all floodplain buildings are on 
stilts, and earthquake-proof. Unauthorized colonies must be 
prevented and regulations enforced.

Warning systems 
and emergency 
response

A combination of public 
investments and information-
based instruments (targeted 
education and communication).

The formation and coordination of a ‘disaster management’ 
cell – including government, emergency services, logistics and 
weather-forecast services. It would also involve the building of 
designated safe shelters, as well as targeted communication 
and education to relevant sectors of the population.

Insurance
Public investment since this is a 
government financed scheme

A government scheme aimed at low-income households and 
the informal sector. The insurance would be compulsory. The 
aim of this policy option is to achieve 80 per cent coverage 
within ten years.

Enforced retreat
A command and control 
regulatory instrument.

The definition of high-risk priority areas, the enforced movement 
of people living in those areas, the location and development of 
alternative settlements and the restoration of vacated areas. 
The target would be up households and small businesses. 
Although this would be government supported policy, the 
opportunity for public/private partnerships would be promoted 
in the development of new settlements.

Source: Stephane Hallegatte and Valerie Belton 2011, Flood risks, Infrastructure Resilience and 
Climate Change Adaption in Mumbai, India, MCA4climate and UNEP, June, 
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India’ to illustrate the evaluation of climate 
adaptation policy to increase infrastructure 
resilience in the coastal city of Mumbai. It 
came out with five broad policy options 
to increase infrastructure resilience. 
These include public transport, building 
codes, warning systems and emergency 
response, insurance, and enforced retreat. 
It also listed and discussed instruments 
for each of these policy options (see table 
3: Policy options to increase infrastructure 
resilience in Mumbai). 

According to Patwardhan, in order to 
develop adaptation strategies for any 
city, it is important to understand the link 
between hazard, exposure and response/
capacity. “Hazard signifies parameters 
such as how much rainfall a city receives, 
on which local people/state governments/
administration has no control. Exposure 
stands for urban land use, where we have 
built, what we have built and how much 
we have built. This is something that is a 
result of human activities. Lastly, response 
shows what capacity we have to deal with 
a disaster or extreme weather event. We 
cannot control hazard, hence we have to 
focus on exposure and response. These 
two elements define the adaptation 
strategy for a city,” explained Patwardhan. 

The present adaptation strategies are 
mainly focused on population that is either 
public property or is covered by insurance. 
For instance, during the 2005 flood, a large 
number of poor people were affected. 
However, their financial losses were never 
factored in while arriving at a total loss 
figure. This must change. 

“A team of IIT Bombay conducted over 
1,000 surveys in various low-lying areas of 
Mumbai and realised the loss for the poor 
was far greater than the public sector loss. 
These poor people have devised their own 
adaptation strategies to deal with flooding, 
such as raising the toilet seats, installing 
electricity meters transformers at a higher 
level, etc. These are all private adaptations. 
Unless these converge with the larger 
long-term adaptation plan of Mumbai, 
they will remain a failure and will only add 
to the financial burden of the poor,” said 
Patwardhan. 

Patwardhan does not think insurance can 
be of much help in disasters such as July 
26 flood. “Insurance model works well 
when there is low probability of an event, 
as the risks are pooled together. Flooding 
in Mumbai is a chronic problem and a large 
chunk of population is affected by it at the 
same time,” he said. 

According to Aggarwal, Mumbai needs 
to have a comprehensive adaptation plan 
that not only focuses on drainage, but also 
on other elements such as solid waste 
management, urban land-use, public 
transport, encouraging pedestrians, etc. 
“At present, the exercise of preparing a 
20 years development plan for Mumbai 
is going on. It is a big opportunity for 
the corporation to factor in climate 
change, encourage people’s participation 
in planning, and then come up with a 
comprehensive plan.” The Development 
plan (DP 2014-2034) for Greater Mumbai 
is being prepared by the development 
plan department of the Corporation in 
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consultation with M/S Groupe SCE (I) 
Ltd. The existing land use (ELU) maps 
and reports have already been prepared 
and put up on the Corporation’s website 
for comments from the public. Mumbai-
based think-tank, Urban Design Research 
Institute (UDRI) is actively campaigning 
to ensure that the DP 2014-2034 is 
comprehensive, robust and people-
centric. This may just be the last chance 
for Mumbai to stay afloat. 
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