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The increasing disaster concerns worldwide
No. of incidents - global reported natural disasters by type 

Source: EMDAT (2019): OFDA/CRED International Disaster Database, Université catholique de Louvain ðBrussels ðBelgium

Flood is the 

most occurring 

disaster around 

the world. 

4 out of 10 

disaster events 

are floods 

claiming  932 

lives in a year, 

India being part 

of it. (U.S. News 

on Nov. 20, 2018)
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NIDM

2015

Flood has become the biggest disaster killing thousands in last few years. Its  

recurrence and amplified intensity are damaging life & economy. Trend analysis 

suggests there is a need for effective pre -and post -disaster mechanism . 

IPCC 

2018

Sea levels are rising faster than estimations.  With global warming limited to a rise below 

2ºC and reduced emission, 30 -60cm sea level rise by the year 2100 is certain. If emission 

keeps increasing, then 60 -110 cm rise is expected. With a 50 cm rise, 5 lakh people will 

be flooded in 45 Indian cities.  Coastal cities of Mumbai, Kolkata, Surat, Chennai are 

under major threat. 4bn. people will be hit by sea level rise, melting ice & glaciers. 

IPCC 

2019

Rare extreme flooding events may begin to occur annually. Some coastal areas are 

already seeing frequent higher sea levels during high tides and storm surges and many 

more low -lying cities and islands are at risk. Coastal migration and urbanization make 

flooding events even more damaging. Without serious adaptation measures, flood 

risks may increase by 2 to 3 orders of magnitude.

CPHEEO 

2019

The problem of disposal of storm runoff is compounded in the cities having flat 

terrain, tidal fluctuations in coastal areas and blockage of streams/drains due to 

landslides in hilly areas.

German -

watch, 

2020

Climate Risk Index - India is the fifth most vulnerable country to climate change . 

Indiaõs high rank is due to severe rainfalls, followed by heavy flooding and landslide that 

killed over 1000 people

The Flood Scenario, India
ÅCoastal Indian 

cities are most 

vulnerable to 

floods. 

ÅUrgent need for 

a paradigm shift 

from ôresponse 

and reliefõ to 

ôprevention and 

mitigationõ to 

make cities 

resilient. 

(Dhankhar, 

2017)
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Flood-affected 

Mayong village in 

Morigaon district, in 

Assam, India, June 

29, 2020. 

Photo: REUTERS/ 

Anuwar Hazarika

Idukki District in Kerala, India, 

after rain triggered a landslide 

burying houses. 

Photo: NDRF

Navy personnel were 

called on to carry out 

high water rescues and 

evacuations in Mumbai, 

Sept. 2019. Photo: India 

Navy

Rhinoceros in floodwater 

inside Kaziranga National Park, 

in Golaghat district

Flooding in Madhya Pradesh, late August 2020. 

Photo: Govt. of Madhya Pradesh
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Shanghai 

Manual

2010

Mumbai has experienced several major extreme weather events within the past 

decade that have effectively brought the city to a standstill & caused severe human & 

economic losses. 

Ranger 

et.al, 2010

The drainage systems of the city are now inadequate to cope with heavy rainfall and 

are impeded by urban encroachment and channel blockages. 

IPCC 2014 Lowland areas in coastal cities such as Lagos, Mombasa, or Mumbai are usually more 

at risk of flooding, especially where there is less provision for drainage . 

Dhiman et 

al., 2018

Mumbai currently ranks as the 5th largest city in the globe (UNDESA 2016). It is most 

vulnerable in terms of flood risks associated with anthropogenic activities in India.

IPCC 2018 If India continues to violate the Paris deal on low emissions, the water will rise up to 

100-110 cms leaving no trace of Mumbai 

Bobade et 

al. 2019

Reasons for flooding - extensive reclamation & faulty zoning regulations, faltering 

drainage systems, natural drain: Mithi river, incapable storm water drains , 

reduction in the catchment area of Mithi river, change in path of the Mithi River due to 

Airport runway,  construction of Bandra -Worli sea link on the mouth of Mithi river, 

Maintenance of drains, link between storm water drains & Sewerage network etc. 

Hence, there is need to study and provide an effective sustainable and long lasting 

under drainage system for Mumbai city.

Floods and Mumbai Megacity
Mumbai has been 

highlighted  by 

IPCC several times 

as one of the most 

vulnerable cities in 

the world.

Most of the 

problems of 

floods in Mumbai 

are related to 

interruptions in 

itõs drainage 

system ðboth 

natural and 

manmade 

7



Old Projection For 2050 (by NASA) New Projection For 2050  (by UN)

Source: The New York Times



Profile of Coastal Megacity: 
Mumbai, India
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Mumbai
ÅMost populous Indian city 

(14.4mn, 2020), land area of 

603 sq.km. 

ÅIndiaõs commercial and 

financial capital

ÅLocated along the western 

coast of India, adjoining the 

Arabian Sea, with  the 

largest port in western India 

ÅMumbai was formed on two 

groups of islands -

Heptanesia and Salsette

ÅMigration leading to 

excessive urbanization 

(16% of population growth 

rate)

ÅSlum population is 

estimated to be 41.3%. 

Dharavi in Mumbai is 

considered as the largest 

slum in the world .

ÅNatural disasters in the city 

include floods, landslides, 

cyclones, earthquakes

ÅManmade disasters 

include fire, industrial and  

chemical accidents, terrorist 

attacks and riots

ÅAround 10% area of 

Mumbai is prone to 

chronic flooding
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Existing drainage system 
The drainage system of Mumbai is a mix of simple 

drains and complicated network of rivers, 

creeks, drains and ponds. A network of closed 

drains below the roads has evolved in the city whilst 

there are open drains in the suburbs (Gupta, 2009). 

The central area of the city forms a depression , 

flanked by hills, and being on reclaimed grounds 

barely +2 -3 meters mean sea level ( msl) is liable to 

flooding. Mumbai has:

Åan average elevation +10-15m msl

Ålow level coast line, with some points +1m msl

Åimportant areas like BKC, Worli , airport, western
railway line are low lying
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Fig: Water bodies, Mumbai 
Fig: Flood extent map for 

the 2005 event 

Dilapidated drainage system, encroachment on 

river basins, land reclamation, pinching of river 

mouths, reduction in mangrove areas (Jain, 

2006)



Interruptions in Drainage of 
Mumbai Megacity, India
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Interruptions in Drainage

1. Land Reclamation

2. Developments on River Basins

3. Design and Capacity of drainage systems

4. Maintenance of Drainage

5. Reduction in mangrove areas

6. Increased runoff coefficient
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1. Land Reclamation

Source: Disasters in India-Studies in grim reality; 

Anu Kapoor

31

7%

42.6

10%

156

36%

208

47%

Land Area Distribution 

(Total = 437 sq.km.)

1600-1700

Heptanesia

1700-1900

Reclaimed area

1900-1950

Salasette islands

& reclaimed area

1950-2009

Land added

Åover 40% of land is 

reclaimed land from 

the sea by filling in of 

inland lagoons and 

marginal seas, just at or 

above sea-level. 

(Arunachalam B., 2005)

Åalmost one -fourth of 

land lies below msl

Åunplanned and 

unscientific 

reclamation methods 

adopted 

Fig: Reclamations, Mumbai

14



Topographical maps of Mumbai show extent of land reclamation over four decades 

Source: MTSU report 2015

1972   1990 2012
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2. Development on river basins 
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Mithi

Mithi

Mithi

Mithi

1740 1782 1844 2014

the extent of 

reclamation 

which has 

sealed one 

end of the 

Mahim 

estuary.

Source: KirtaneG. Making the Seweré A river again. Why Mumbai must reclaim its Mithi. 2011. Observer Research Foundation 

Mumbai

The Mithi River and the Mahim Estuary 

ÅOriginates in the overflowing water from three lakes 

and also from the Borivali hills.

ÅThe actual source taken over by a factory. 

ÅThe catchment area is around 108 sq.km.

ÅMahim estuary was subjected to reclamation over 

the years and is now an extension of the river.

ÅDestruction of mangrove ecosystems along rivers

ÅMost of the flooding Hotspots identified by the 

municipality (MCGM) are in the Mithi river basin



C. Vihar Lake

B. Origin of River

A. Morarji Slum

D. Mithi in Kurla

E. Mumbai Airport

Photo: Vijay Bate

F. BKC

Photo: TOI, Sept. 8,2019Photo: IIT Delhi, 2014

Source: Comprehensive Study, Maharashtra Pollution Control Board, 

Mumbai 2014

A

B

C

E

E

D

Fig: Landuse/ Landcover across 

Mithi River / Vakola Nala course 

(200m buffer) - 2004
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B. Developments along the river

Source: TOI, 5 Aug2019

B

A

Changes in Mithi River Course 

1966-2009

A. Mithi River ðAirport junction 

Mithi River

BKC

Under construction 

Bridge

Railway 

tracks

LBS road

1. original

2. change

3. tunnel

ÅRiver was made to pass 
through a tunnel below the 
runway  

ÅRiver was first bifurcated 
and then reunited forming a 
small island which was then 
utilized for airport 
extension. 

ÅAirport runway extended 
on river course

ÅMudflats, acting as holding 
pond, were encroached 
upon during 1992 -2009 with 
BKC, slums

ÅEnvironment Ministry had 
warned about the disaster 
potential of construction of 
BKC, replacing swampy 
areas but no action was 
taken. 

ÅMithi & Vakola rivers 
encroached upon by 
development works, slums
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3. Design and Capacity of 
drainage systems
Manmade drainage system:

Åabout 80 -year -old installation,

with 480 km of underground drains 

and laterals. 

Ådesigned to handle rain intensity 

of 25mm/hour at low tide with 

runoff coefficient of 0.5. 

Åsince the outfalls are into the sea, 

tidal variation has a major 

bearing on the drainage system 

resulting in flooding/ water logging 

during heavy rains.

Å45 outfalls of 186,discharge below 

the msl and only 3 outfalls have 

floodgates. 

Åcombined sewage & drainage 

system

Natural drainage system:

Ådrained by several rivers, like Mithi, 

Poisar, Dahisar, and others and 

Mallad & Mahim Creeks.

Åincreased pressure on the system 

due to rainfall pattern, 

development, runoff, dumping of 

waste, etc. 
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The new piped drainage 

system is being planed the city 

with a rainfall intensity of 

50mm/hour and a runoff 

coefficient of 1. 

Cleaning of Mithi is carried out 

during monsoon but the 

dumping is much more 

Source: Fact Finding Committee on Mumbai Floods

Drainage outfalls, Island City, Mumbai



Sewage System, Mumbai 
ÅSewage flow is connected to stormwater 

drainage system at many places. 

ÅThe slums also  invariably discharge ôsullageõ 

into the drainage System. Slum Colonies 

generate  garbage which finds its entry into  

drainage  and causes siltation and obstructions. 

ÅMixing of sewage & storm water has aggravated 

the silting processes at outfalls and in estuaries. 

ÅPreliminary treatment of sewage is carried out in 

island city. However, the sewage collection and 

conveyance arrangement for the suburbs.
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The earlier the 

sewage 

drainage and 

storm water 

drainage are 

segregated, the 

cleaner the city 

environment. It 

is also time 

Mumbai is 

decongested. 

(B. Arunachalam, 

2005)

MPCB has identified 70 drains that 

discharge untreated sewage into the 17.8 

km long river

MPCB has identified 70 drains that 

discharge untreated sewage into the 17.8 

km long river

Toxic foam has started forming on the 

surface of Mahim Creek. 

Photo: Hindustan Times 

Interconnection of sewage and storm 

water network leading to siltation and 

loss of drainage capacity. 

(Bhattacharjee, 2018)



4. Maintenance of Drainage
ÅSlums along the rivers, 

especially Dharavi along 

Mithi are discharging their 

waste water directly into the 

rivers through open nallahs / 

closed pipelines.

ÅOpen drains , at many 

locations, act as entry for 

refuse , obstructing the flow

ÅPoor workmanship and lack 

of attention to proper repairs 

when the drains have been 

punctured. 

Household waste entering Mithi in the 

slums of Bhim Nagar

Photo: Scrolls.in

These nallahs have now become sites 

of toxicity.

One foot wide open drain in 

Rajiv Gandhi slum, Dharavi, 

for carrying storm water and 

waste water.

Photo: SPA, New Delhi, 2009
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Desilting is outsourced
Makeshift bridge over Mithi river

Freshwater pipeline passing above 

the Mithi river

(Photos: Rohit Sharma)
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òMany municipalities in India today 

outsource the actual de -silting of 

drains. Typically, the waste that is 

cleared out is kept alongside the 

drains because it would add to the 

costs to transport them long 

distances. When it rains heavily, all 

that waste goes back into the 

drains .ó (Patralekha Chatterjee, 

2005)

Encroachments on and around 

service manhole

Interconnection of storm water 

& sewerage networks.

Photo: untreated sewage 

discharged into Mithi



5. Reduction in mangrove areas

ÅMangrove ecosystems which exist 

along the Mithi River and Mahim Creek 

are being destroyed by construction. 

ÅIt is estimated that Mumbai has lost 

about 40% of its mangroves between 

1995 and 2005, some to builders and 

some to encroachment (slums).

ÅSewage and garbage dumps have also 

destroyed mangroves.

ÅThe Bandra Kurla Complex(BKC) had 

been developed over 300 ha of 

mangrove land. 

ÅThe basins in the western suburbs that 

flow into the Malad creek have been 

built upon without accommodating the 

natural drainage pattern.

Mangroves and 

their mudflats 

act as a buffer 

between sea and 

land.  They have 

ecological, 

environmental 

and flood 

reduction 

benefits and 

hence it should 

be preserved 

around the 

banks of Mithi 

River.

Essel World (Theme park)

Image: Googleearth 2020

Deonar Landfill

Image: NASA 2017
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ÅPresence of mangroves reduces the flood affected 

area by 21 %. (Khan, M. 2014)

ÅLand reclamations and industrial effluents are the 

major causes of mangroves degradation. It creates a 

barrier for sea water to enter the mangroves, 

eventually killing them.

Fig: Developments on mangroves

Figure Legend: Gorai

(1) Bhyander

(2) Dahisar

(3) Gorai jetty

(4) EsselWorld; 

Versova

(5) Malad Creek 

(6) Dharavali

(7) Aksa Beach 

(8) Pascalwadi

(9) Near CIFE; Juhu

(10) Versova Beach 

(11) Rajiv Gandhi 

Institute; Bandstand 

(12) Chimbai

(13) Shirley

(14) Bandstand; 

Bandra

(15) Near BKC

(16) Mithi River; Sewri

(17) Chembur -Wadala

road

(18) Mahul jetty

(19) Sewri Flamingo 

watch; Vikhroli

(20) Vikhroli

(21) Ghatkopar

(22) Mankhurd ; 

Elephanta Island 

(23) Mangrove point1

(24) Mangrove point2

(25) Mangrove point3.

Flood inundation map with and without mangroves
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