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Recent urban 
flooding in India
•Severe flooding in 10 
major cities of India in 2005 
– Mumbai, Bangalore, 
Chennai, Ahmedabad, 
Kolkata, Vizag
•In over 20 cities in 2006
•Northern Suburbs of 
Mumbai received 944 mm 
(Sydney’s AAR) in 24 hours 
from 08:30 of 26 July 2005

Kolkata (Calcutta)
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Effects of 
Urbanization 
on Drainage

• Paved surfaces 
• Reduction in 

– Infiltration rate of rainwater
– Availability of depression 

storage
– Path available for the flow 

of stormwater
– Faster Flow times (3-20 

minutes) due to 
• increased runoff intensity, 

smoother impervious surfaces 
and man-made channels

Hyderabad
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Mumbai

– Economic and 
commercial capital of 
India - 25 % of India’s 
taxes from Mumbai

– Capital of Maharashtra state
– Coastal city with massive 

reclamation from the sea
– Rapid and uncontrolled all 

round growth

Mumbai (Bombay)
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History

• 1661: 7 islands ceded to 
Charles II as dowry

• 1668: leased to East India 
Company for £10

• 1784-1845: seven original 
islands merged into single 
landmass through 
continuous land 
reclamations

• 1877: Control by British 
Crown

• Land reclamations 
continue…
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Mumbai Profile
• Greater Mumbai Municipal 

Corporation covers an area 
of about 437.71 sq. km 
(excluding 200 sq km green 
belt)
– Highly susceptible to 

frequent flooding
– Falls in an active 

seismological zone
– Presence of industries 

dealing in hazardous 
material

– City is strongly oriented in 
North-South direction

• Residential areas in Northern 
suburbs 

• Commercial areas in South
• Surrounded by Arabian Sea 

and Thane Creek
• Effect of high/low tides
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•Originally  
seven 
islands
•Lot of 
reclamation 
of lowlands



IIT Bombay 8

Decrease in mangroves Decrease in mangroves 
from 235 sq km (in 1924) to from 235 sq km (in 1924) to 
160 sq km in 1994160 sq km in 1994
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MALAD CREEK

MAHIM CREEK

MAHIM BAY

MANORI CREEK

Loss of Creeks
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•Mumbai now has
•MMRDA
•Jurisdiction covers

•Mumbai
•Thane
•Kalyan
•Navi Mumbai
•Bhiwandi
•Virar
•other municipal 
corporations/ 
councils



IIT Bombay 11

Mumbai

• Large number of 
vulnerable informal 
settlements
– 65 % of  12 m. 

Mumbaites live in 
informal/illegal 
settlements 

– Over 2,768,910 
structures (residential, 
commercial and 
industrial)

• Mumbai 25 m.+  by 2025
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Mumbai’s Population Dynamics

• High Population density
• Average population density 

– 27,209 persons per sq. km (population / area)
– Compared to 900 persons per sq km in Sydney

• For example - Ward ‘A’ (South Mumbai)
– Daytime population   : 4,500,000 persons (4.5 million)

• Density : 394,390 persons / sq. km
– Nighttime population :   200,000 persons

• Density : 17,528 persons / sq. km
• A ward covers an area of 12.5 sq. km
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Mumbai Drainage
• Mix of simple drains and 

complicated networks of 
rivers, creeks, drains and 
ponds
– Network of Closed drains 

below road in city and open 
drains in suburbs

– SWD network over 170 
years old in island city

• Southern city area 
– Long  complex drain 

networks drain relatively 
large low-lying areas

– Short drains from small 
subareas drain directly to the 
sea BO M B A Y    
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Drainage system

• System in island city designed for rainfall of 25mm/hour
– 1870 to 1930s: Many Royal Commissions of enquiry 
– Found that system was designed without a proper understanding 

of the monsoon rainfall

• Water logging during heavy rains coupled with high tide
• Water recedes during low tide
• Most  detention ponds lost to development 

– Consequently, runoff increased by 2 - 3 times

• 1993: BRIMSTOWAD - augmentation of drainage 
network designed with rainfall of 50mm/hour by WB 
consultants - allowed two floodings per year! 
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Natural 
Drainage

of 
Mumbai
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Floods – A part of 
life in Mumbai!

• Not the first time that Mumbai has 
flooded!

• Highly vulnerable to flooding
– Severe disruption and suspension of 

train services on an average twice a 
year

– Mumbaites take it for granted that 
there would be disruptions for 2-3 
hours per event every year

• Suburban trains come to a total halt
• People stranded at railway stations/offices/ 

schools
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Lifeline

• Majority of the population resides in 
the suburbs in the north 
– Commutes to the city in south for work in 

the morning 
• and back in the evening

• Rail network constitutes lifeline of city
• Over 6 m. people transported daily by 

suburban rail
• Disruption due to flooding results in 

economic and social disruption
– loss of livelihood to individuals
– Loss of productivity to utilities

• (flood pictures of July 12, 2000 event)
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Rainfall Characteristics
• Average annual 

rainfall 2302 mm
• (3400 mm in 2005)
• 70 % in July, 

August
• 50 % in 2-3 events
• Rains uniformly 

over the city
• Inundation depth 

0.5 to 1.5 m. in low 
lying areas
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Table 1: Peak 15-min rainfall intensities on flooding days (From BMC/IMD) 

  
15-min rainfall intensity  
(mm/h) Remarks 

Year Flooding date 
Santa 
Cruz Colaba  

1999 23.05.1999  - 48    
 16.06.1999 72 -    
 23.06.1999  - 76    
 07.07.1999  - 56    
 16.07.1999 70 -    
 10.09.1999 72 -    
 12.09.1999  - 48    
 07.10.1999 116 - 116 is based on 58 mm in 30 min 

2000 18.05.2000 116 60 
 -
do-   

 08.06.2000 100 68    
 03.07.2000 - 76    
 12.07.2000 104 -    
 24.08.2000 - 88    
 22.09.2000 50 -    
2001 08.06.2001 68 -    
 17.06.2001 - 80    

 08.07.2001 80 96    
 08.08.2001 - 43.2    
 16.08.2001 69.2 -    
 27.09.2001 40 -    
2002 14.06.2002 60 -    
 26.06.2002 - 56    
 06.08.2002 64 -    
 09.08.2002 - 52    
 23.09.2002 - 48    
2003 18.06.2003 - 80    
 19.06.2003 64 -    
 07.07.2003 64 -    
 14.07.2003 - 88    
 23.08.2003 64 -    
 30.08.2003 - 53.6    
 10.09.2003 - 72    
 26.09.2003 56 -    
2004 18.05.2004 88 -    
 17.06.2004 48 -    
 18.06.2004 - 62    
 04.07.2004 74 -    
 29.07.2004 - 60    
 01.08.2004 - 75.2    

 04.08.2004 120 -    
 05.08.2004 80 -    
 20.09.2004 70.8 -    
 30.09.2004 - 40.4    

Hyetograph for 8.6.2000 (Santa Cruz)
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Main  Causes  of  Flooding 

Rainfall in excess of capacity for which drainage system
is designed

� Low ground levels
� Encroachment along nallas
� Garbage dumping in SWDs/ 

Nallas mainly in slums
� Slums along outfalls
� No access  for desilting
� Obstructions of  utilities
� Siltation of drains/ nallas

� Low  ground levels 
� Level of outfalls 
� Loss of holding ponds
� Increase in runoff coefficient
� Dilapidated drains
� Obstructions of  utilities
� Siltation of drains/ nallas

SuburbsCity
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Description of 
26th July 
Flooding

• Nature of event
– “Very Heavy” (> 200 mm/day: IMD) rainfall started at 1430 

hrs on the 26th July 2005
– High tide at 15:50 hrs. of 4.48 m
– 944 mm of rainfall measured at Santa Cruz Station of the 

IMD (Indian Meteorological Department) for a period of 24 
hours starting 0830 h on the 26th July, 2005

– 1011 mm at Vihar Lake (exceeded one day’s rainfall record 
at Cherrapunji - 985 mm in 1974)
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26 July 2005  Rainfall
- High tide at 1550
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26/07/2005

• High tide on 26/7/05 at 1550 hrs. 4.48 m 
• Low tide on 26/7/05 at 2213 hrs. 0.90 m – but rainfall persisted!
• High tide again on 27/7/05 at 0422 hrs. 3.82 m
• Low tide on 27/7/05 at 0955 hrs. 1.57 m
• Max. recorded rainfall in Mumbai in a day

– 05/08/1976- 265 mm
– 10/09/1991- 475 mm
– 10/09/1930- 548 mm
– 05/07/1974- 575 mm
– 26/07/2005- 944 mm

9.8659.202:30 to 08:30

72.15865.714:30 to 02:30

101.23708.614:30 to 21:30 (7 hrs)

120.3481.214:30 to 18:30 (4 hrs)

Rainfall in mm/hrRainfall in mmTime
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Spread of only 30km

� Caused by mountain orography present along coastline and 

� Westerlies circulating close to shore Caused high pressure gradient from the 

coast to hills
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Flood Map 26/7

• Over 107 low-lying areas flooded
• Northern suburbs severely affected
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Inadequacy of IMD 
raingauges

� Only two rain gauges in Mumbai 
– Santa Cruz
– Colaba

• Both of syphonic type, drum recording
• Rainfall reported  daily at 0830 IST

� Tipping bucket type raingauge would have indicated the 
extreme nature of the event in the  first hour (2:30 p.m. to 
5:30 p.m.) 

� May have probably sufficed to issue an immediate red alert

Santa Cruz

Colaba
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Immediate Impact
� All modern 

communications 
and transport failed
� Public transport came 

to a grinding halt
� People stranded in 

trains/buses/ offices 
� All offices closed for 

two days
� Students stayed in 

schools/colleges 
overnight

� Staff stranded in offices 
overnight



IIT Bombay 29

Impact on various services

– Mobile phone networks collapsed
• Mobile transmitters had diesel generators to last only two 

hours of power failure
• Diesel could not be restored due to failure of transport 

– Over 2 m. landline phones were affected
– Power supply

• Electricity supply was cut off in most parts of Mumbai’s 
Western Suburbs in the night of the 26th July 2005

– Sewage pumping
• To prevent damage to pumps at the sewage pumping 

stations, pumps switched off,
– Led to sewage backflow and floodwaters being contaminated 

with sewage
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Roads

• Major roads affected
• Western Expressway
• Eastern Expressway 
• LBS Road

– Most arterial roads and 
highways in the suburbs 
severely affected due to 
water logging and traffic 
jams resulting from 
vehicle breakdown in 
deep waters 
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Trains 
� Suburban trains, the lifelines of 

the city, could not operate from 
around 4:30 pm for close to 36 
hours, stranding an estimated 
150,000 people as well as 
long-distance trains leaving 
Mumbai

• 52 rakes damaged (each rake 
having 12 coaches) 
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Impact on services
– But cartoonists 

maintained their sense 
of humour!

– Air services
• Airport flooded
• Extremely poor visibility
• Over 750 flights in and 

out of Mumbai were 
suspended/diverted
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Impact - Landslides
– Excessive rain resulted in water 

logging in several suburbs
– Mithi River overflowed and 

consequently led to water 
logging of Western Express 
Highway

– Additionally, two rivers in the 
northern suburbs, namely River 
Dahisar and River Poisar also 
overflowed, compounding the 
water logging problem

– Six landslides on 26th, 3 on 27th, 
one each on 28th, 30th and 1st

August respectively – at least 
65 killed, others injured
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Impact on Individuals (GF)

• Water Rose slowly at first, but very rapidly later 
e.g. 3 feet in 30 minutes

• Yale type locks – difficult to open front door
• Sewage backflow in houses
• Refrigerators/Washing machines/ gas cylinders 

float!
• Non- automatic cars least damaged
• Automatic cars – failure of power windows-

death of occupants- 26 in Mumbai; 3 in Chennai
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Losses…

• Estimated loss of life
• At least 419 people lost their lives in the flashfloods 

in Mumbai alone and the landslides and 216 persons 
died of various deluge – related illnesses

• A landslide in north-west Mumbai (at Sakinaka) on 
July 27,2005 killed 65 people and rendered hundreds 
homeless

• Estimated number of buildings damaged
• Residential establishments - fully damaged:  2,000
• Residential establishments - partly damaged:  50,000
• Commercial establishments:  40,000
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Losses

• Estimated number of establishments/vehicles damaged
• Vehicles:  30,000

– 850 buses of Bombay Transport damaged
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� Originates at Powai 
� Meets the Arabian sea at 

Mahim Creek after 15 km
� Overflows from Powai 

Lake, passing partly 
under the airport 

� Waters did not recede 
even after 3 days in the 
airport colony belt even 
after the July 26 deluge

� Inadequate capacity of  
the Mithi river channel 
to drain stormwater

� River is treated like an 
open drain 
� Raw sewage, industrial 

waste and garbage 
disposal

Mithi River
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Mithi River 

� Nearly 54 per cent of the 
original river flow has been lost 
to slum huts, roads and 
development

� The Bandra-Worli Sea Link has 
reclaimed the mouth of the river 
with as much as 27 hectares of 
landfill
Filled in most of Mahim Bay

� Effluents from illegal small 
industries have choked the Mithi 
River
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Strengthening and 
Enhancement of              

Flood Response Mechanism 
for                              

Monsoon 2006
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Institutional Mechanisms

• Mumbai Disaster Management Committee
– Headed by ACS (Home)

• BMC Disaster Management Committee
– Headed by Municipal Commissioner

• Ward wise Disaster Management Plan headed 
by Assistant Commissioner of Ward

• Mithi River Development Authority set up
• Airport and Railway Services to obtain BMC 

clearance for all works
• BMC has made rainwater harvesting compulsory 

for rooftops greater than 1000 sq m
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Upgraded 
Emergency Control 

Room
• Equipped with

– An array of communications systems

– Television sets tuned to major news channels

– Networked Computer Systems with DM Software

– Video Conferencing Setup

– Conference and Press Rooms
– Private Water Supply and Ration Stocks

– Uninterruptible Power Supplies with Generators

– Pantry, Dormitory and Toilet facilities

• Thus, it will be a self-sufficient control center built to withstand and 
outlast disasters

• The total estimated cost is Rs. 7 Crores
• Functional on 30 th May 2006
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Rain Gauge Installation

• MCGM has installed 30 automatic weather 
stations at 25 fire stations and BMC HO so as to 
know in real time exact pattern of the rain all 
over Mumbai city and the suburbs within MCGM 
area 
– Fire brigade being first respondent and on 24 hours 

alert, the weather stations will be installed at fire 
stations

• The approximate cost of equipment /system is Rs. 
65 lakhs

• IIT Bombay (KG) to provide expertise for 
development of Early Warning System
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Development of 
Rain Gauge 
Network

• Data to be 
transmitted to control 
room every 15 
minutes
• Rain gauges can 
be further calibrated 
to give alarm at 
predefined values of 
rainfall intensity
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An Early 
Warning 
System  

for 
Mitigating  

Urban 
Flooding

in Mumbai
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Message Alerts

– Data from automatic rain gauges used as warning and 
evacuation warnings if required
– Flood warnings to be disseminated through electronic media, 

radio channels and mobile phones
– Standby power generator sets to be made available at ward 

offices and fire brigade stations
– 24x7 control centres at each of 24 ward offices and BMC HO

• To coordinate with the EOC 
• Media centre at BMC HQ
• AMC to supervise EOC

24 Asst MCs to man their respective centres
One excavator and two dumpers at each ward office

– Wireless communication
– 22 BMC and other private schools in low lying areas to be closed
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Fire Brigade Control Rooms

– Six fire brigade control rooms/ rescue 
command centres equipped with state-of-the-
art machinery

• City: Byculla, Wadala
• Eastern suburbs: Vikhroli, Chembur
• Western suburbs: Borivali, Marol

– Each control room to have 30 fire personnel
• (City has 1350 firemen spread across 27 fire stations)
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MCGM’s SAR Task Force One

• Comprises of 26 members from various disciplines
• Have undergone basic training on:

– Collapsed Structure Search and Rescue
– Confined Space Search and Rescue
– Rope Rescue
– Medical First Response

• Training based on INSARAG guidelines and ADPC 
course material and simulations

• Advanced training in the pipeline
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Search and Rescue

• Three Search and Rescue Teams 
– 90 firemen trained for search and rescue operations

– 6 inflatable boats
– 12 kayaks

• To be based at fire stations serving major flood 
affected spots

– Kurla, Santa Cruz, Borivali, Marol, Dharavi and Byculla
fire stations

• Navy to deploy boats at 7 key areas
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Equipment 
upgradation

• MCGM have procured heavy duty vehicles one for each 
Asst. Commissioner/Ward
– Twenty four Mahindra Scorpios for the 24 AMCs

• Vehicles fitted with wireless communication system and public 
announcement system

• Upgradation of present Communication system
• The approximate cost is approx Rs. 9 Crores
• Each Fire Station will be provided fully equipped mobile 

control unit
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Emergency Parking

• 84 parking spots identified
– People to park their cars 

• Avoid stranding of vehicles on highways

• 120 temporary shelters identified 
– 5 BMC schools in each of the 24 municipal 

wards identified for use as flood shelters / 
transit camps
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Voluntary Organizations to be 
involved

• Ex-servicemen/ Home Guards
• Volunteers of NGOs

– Swadhyaya
– Anirudha Bapu Disaster Management Academy 

volunteers
• To provide food and shelter

• All school PTIs to be trained in emergency 
rescue
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Additional pumps

– Forty high risk flood prone areas identified
• 24 h squad 
• Pumps to be procured
• 179 low lying areas identified
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Hospital Arrangements

– Shifting of wards to higher floors
– Shifting of medical stores/equipment from basement 

to higher floors
– Additional pumps to be installed 
– Additional medical and paramedical staff to be 

deployed for treatment of flood affected people
– Emergency Medical Service

• Bolstering current EMS at Sion and KEM Hospitals
• Creating  EMS at Nair Hospital

– Establishing more specialized Trauma Care Centers


