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Objective 

➢ Collection of HIVE Data for Mumbai and computation of Risk and impact matrix 

✓ Data sources and types 

✓ Excel sheet of all historical data -rain and impact data  for exercises 

➢ Preparation Impact matrix-use different data file of Excel sheet 

➢ Monitoring System 

▪ City rainfall network and flood gauges for depth -High density observational urban network  

▪ RADAR

➢ Event –rainfall forecast from Urban high resolution NWP products 

➢ Flood models- I-FLOWS, FFGS

➢ Hazard with Impact models

➢ SOP and Real time IBFW-4 stages IBFW(examples from case of heavy rainfall in 2020-2023) 

➢ Issue, Challenges and Suggestions 



Analysis of Historical rainfall event data, Exposure, Impact and hazard 

analysis(vulnerability part)-preparation of Risk and response matrix- 

Mumbai IBFW-Heavy rainfall Modules –refer EXCLE SHEETS 

➢ Rainfall Data of Mumbai (June – Sept ) from past 30 years
(1990 -2019) to assess the high impact events.

➢ Data of Colaba & Santacruz stations were considered



Correlating the Rainfall data & Disaster data: Threshold Calculation

Cumulative approach as well as individual heavy rainfall days were analyzed

Flood Dates

 Daily 

Rainfall

Cumulative 

Rainfall

D-5 D-4 D-3 D-2 D-1 D

26.06.1990 21-Jun 22-Jun 23-Jun 24-Jun 25-Jun 26-Jun

CLB 0 0 1.2 0 2 20.5 23.7

SCZ 0.2 0.7 2.9 1.1 1.4 116.8 123.1

15.08.1990

10-Aug 11-Aug 12-Aug 13-Aug 14-Aug 15-Aug

CLB 88 20 76.5 67.5 74.4 20.5 346.9

SCZ 54.2 12.3 126.8 0.4 259 116.8 569.5

17.08.1990

12-Aug 13-Aug 14-Aug 15-Aug 16-Aug 17-Aug

CLB 20 76.5 67.5 74.4 76.7 40.9 356

SCZ 12.3 126.8 0.4 259 85.8 73.7 558

21.08.1990 16-Aug 17-Aug 18-Aug 19-Aug 20-Aug 21-Aug

CLB 76.7 40.9 26.6 36.3 13.9 26.5 220.9

SCZ 85.8 73.7 40.8 32.6 7.5 17.2 257.6

Single day heavy rainfall leading to flooding events 
increasing in the recent years  

Threshold for Mumbai



Correlating the Rainfall data & Disaster data : Impact Response Matrix

Rainfall category Expected Impact Action Suggested

Moderate rain (<6cm) ▪ Traffic Congestions

▪ Slippery roads

Nil

Heavy rain (7-11cm) with 
moderate to intense spell

▪ Localized flooding/water logging of low-lying areas 

▪ Traffic Congestions

Traffic may be regulated effectively 

2 consecutive days of heavy 
rainfall
(>= 12 cm in 48 hours)

▪ Localized flooding/water logging of low-lying areas 

▪ Possibility of danger to very old buildings and unmaintained structures

Traffic may be regulated effectively 

People living in very old buildings 
and unmaintained structures may 
take caution

Very heavy rainfall

(12-20cm)

• Water logging/ flooding in many parts of low-lying area and river banks

• Localized and short-term disruption to municipal services (water, electricity, etc.) 

• Major disruption of traffic flow.  Major roads/local trains affected. 

• Possibility of danger to very old buildings and unmaintained structures, falling of trees etc

▪ Closure of roads crossing low water bridges

Traffic may be regulated effectively 

People living in very old buildings 
and unmaintained structures may 
take caution

Extremely heavy rainfall 

(>20 cm)

• Widespread and severe water logging/ flooding in most parts of low-lying area and also on river banks.

• Major disruption of traffic flow.

• Major roads/local trains and travel routes severely affected

• Localized and short-term disruption to municipal services (water, electricity, etc.) 

• Possibility of danger to very old buildings and unmaintained structures, falling of trees etc

• Possibility of local landslides in elevated hilly areas 

• Closure of roads crossing low water bridges

Traffic may be regulated effectively 

People living in very old buildings 
and unmaintained structures may 
take caution

Single day / 2 consecutive heavy  rainfall days leading to high impact events over Mumbai 



Collection of Impact Based Data for Mumbai

1. Meteorological Data 

2. Geophysical data 

 3. Physical data 

4. Socio-economic data 

5. Vulnerability 

Floods

Vulnerability profile of Mumbai

Landslide



Minimal Minor Significant Severe

•Slippery roads

•Traffic Congestions 

•Increased travel times

• Localized flooding/water logging of low-

lying areas of city, western and eastern 

suburbs

▪ Traffic Congestions..

▪ Increased travel times

• Water logging/ flooding in many parts of low-lying areas in 

city, western and eastern suburbs

• Flooding/inundation of river banks (especially banks of 

Mithi River) and other major lakes in  suburbs

• Major disruption of traffic flow 

• Major roads and local trains affected. 

• Flight operations may be affected.

• Inundation of coastal areas coinciding with high tides.

• Localized and short-term disruption to municipal services 

(water, electricity, etc.) 

• Possibility of danger to very old buildings and unmaintained 

structures.

• Falling of trees/branches in gusty winds.

• Slum areas along railway track, coastal areas, river banks 

and drains  may be severely affected

• Closure of roads crossing low water bridges

• Squally weather along the coast and rough Sea conditions

• Water logging/ flooding in most  parts of low-lying 

areas in city, western and eastern suburbs

•Flooding/inundation of river banks (especially banks 

of Mithi River) and other major lakes in suburbs.

•Severe disruption of traffic flow. 

•Most roads/local trains and travel routes severely 

affected.  

•Flight operations will be affected.

•Inundation of coastal areas coinciding with high tides

•Localized and short-term disruption to municipal 
services (water, electricity, etc.) 

•Possibility of danger to very old buildings and 
unmaintained structures.

•Falling of trees/branches in gusty winds.

•Slum areas along railway track, coastal areas, river 

banks and drains  may be severely affected

•Closure of roads crossing low water bridges

•Squally weather along the coast and rough Sea 
conditions

•Possibility of local landslides in elevated hilly areas of 
Kurla, Sakinaka, Chembur, Bhandup, Vikhroli, 
Ghatkopar and Mulund areas.

Action suggested

• Nil • Traffic may be regulated effectively • Traffic may be regulated effectively 

• People living in very old buildings, unmaintained structures 

and river banks (specially banks of Mithi river) may take 

caution and move to safer places.

• Traffic may be regulated effectively 

• People living in very old buildings, unmaintained 

structures and river banks (specially banks of Mithi 

river) may take caution and move to safer places.

• People in the affected areas may restrict their movement.

Updated Impact Response Matrix



❑Impact based bulletins were also issued as 
per SOP followed by regular rainfall updates 
with possible impacts, till the event was over. 

8

❑Flood guidance provided from 
I – flows Mumbai were also provided to the state 
and Mumbai disaster management authorities. 

Forecasts and Warnings issued by IMD
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Impact Based Flood Forecasting Operational Set up 

➢  Based on the rainfall forecast generated by IMD 5 day forecast , 
if the rainfall is expected to be “heavy” and more flood 
inundations models are run and ward wise 

      I – flows flood guidance are generated by  
      NCCR and sent to IMD.

➢ 5 day district wise warning 

➢  As per SOP, advisory/ alert 72 hrs prior to stake holders

➢  Impact Based Forecast Warning – 24/48 hrs prior

➢ 3 hourly IBF update throughout the event



Mega-city Integrated Flood warning System –A collaboration of stake holder-NCCR-IMD-IITM-NCRMWF-

Municipal Authority –C-FLOWS and I-FLOWS for Chennai and Mumbai  



Mumbai city and sub-urban areas and Rainfall network stations 





SOP-Four stage City IBF from 2023
➢ Four-stage Impact Based early warning System using all objective and automated integrated  

products for end to end solutions and to  effectively help disaster mangers and other stake 

holders, to manage all urban Heavy Rainfall events and associated urban floods for all Major 

Cities of India

➢ Stage -1: Heavy rainfall Advisory(Watch)-(3-4 days lead time with 12-h udpates)

➢ Stage-2: Heavy rainfall Alert (48 hours prior to the occurrence of the event at 12 hourly updates)

➢ Stage-3: Heavy rainfall Warning and IBF from likely flash floods (24 hours prior to the 

occurrence of the event at 06/12-hourly updates

➢ Stage-4: 12-Hours prior to occurrences of maximum rainfall spell and color coded IBF from 

likely flash floods).  

➢ All these informations and warnings are  delivered, at Disaster mangers Desk for timely decision 

at real time, at lead time 3-12 hours, with guidance at 3-5 days lead period,  for taking early 

actions 

✓ Actions to divert the traffic/closed the flooded roads, and all other safety actions well in advance 

before flood hits an area. 

✓ It uses all latest digital dissemination system like CAP, API, WhasAPP, etc for timely 

dissemination to users
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Impact Based Forecast  Format



Mumbai Monsoon 2020  
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➢ 4 high impact events over Mumbai 

during monsoon 2020 

➢ IBF was issued on all 4 occasions

➢ 43 Impact Based Forecast bulletins 

issued
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Extremely heavy rainfall event over Mumbai & around  4-6 Aug 2020 

With the active monsoon conditions and development 
of a low-pressure system over North Bay of Bengal, 
the entire coastal belt of Konkan including Mumbai 
received an intense rainfall spell during the period 4-6 
Aug 2020. 

❑Santacruz recorded 24 hr accumulated rainfall of 
268.6mm, 84.3mm and 162.3mm consecutively 
during  4-6 Aug 2020

❑Colaba recorded 252.2mm, 53.2mm and 
331.8mm consecutively.
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Forecasts and Warnings issued by IMD

❑Very good feedback was received from the user’s
side including general public, media and other stake
holders for timely communication of severe weather
warnings in advance.

❑Press Releases were issued from 1st Aug 2020
indicating the possibility of high impact event
over the region.



❑Impact based bulletins were also issued as 
per SOP followed by regular rainfall updates 
with possible impacts, till the event was over. 
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❑Flood guidance provided from 
I – flows Mumbai were also provided to the state 
and Mumbai disaster management authorities. 

Forecasts and Warnings issued by IMD
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Forecasts and Warnings Issued
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Rainfall Verification
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Validation  Based on MCGM Flood Point data

Flood points observed during 4th- 5th Aug 2020 showing extensive floods as indicated in the impact
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Based on Media Reports

Widespread water logging in 
Low lying areas &
River banks inundated 
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Extreme Rainfall Events over Mumbai in 2021

Intense to very intense spells during very short duration
Highly localized activity



Continuous Monitoring with Nowcast updates & Impact Based Forecast Updates



Evaluation of the IBF issued for Mumbai :



Integrated Flood Warning System (i-Flows Mumbai)





Flash Flood Threat for Mumbai on 9 June 

2021 – Rainfall received: 210 mm in 24 

hours. 

Suburban Mumbai

Flash Flood Threat for Odisha on 26 

May 2021 – Rainfall received: 300 mm 

in 24 hours. 

Odisha

South Asia Flash Flood Guidance System

▪ 30000 watersheds 

with 4X4 km 

resolution.

▪ Flash Flood Threat 

issued for next 6 

hours.

▪ Flash Flood Risk is 

issued up to next 36 

hours.

System put in operations 

with effect from 23 

October 2020.



City IBFW-Heavy rainfall-SOP in place over 30 major cites  since July 2020

➢ Four Stages of Forecast and Warning System

» Stage -1: Heavy rainfall 

Advisory(Watch)-(3-5 days lead time 

with 12-h udpates)

» Stage 2: Heavy rainfall Alert (1-3 days 

lead time with 12-h updates)

» Stage-3: Heavy rainfall Warning (24 

hours prior to the occurrence of the 

event at 06/12- hourly updates) with 

IBFW

» Stage-4: Heavy rainfall Warning (6-12 

hours prior to the occurrence of the 

event at 01/03- hourly updates) with 

IBFW



Issue, Challenges and Suggestions  



Delhi NCR- Surface Rainfall stations(IMD) with DWRs

Mumbai- has Dense rain networks-Similar will come up at Guwahati, Chennai, etc  



Urban Meteorological Services and Web-portal-Delhi NCR
Setting up High Density Meso-network and high resolution 

Modeling framework for major cities for Early Weather 

and Air pollution Monitoring/Forecast

1) Current Weather Observations 

2) Current Air quality Observations 

3) Radar, Lightning and Satellite

4) Weather warning of District/City-wise

5) Nowcasting (District/City-wise)

6) Issuing Bulletin daily basis



Urban Meteorological Services
Augmentation:
Commissioning of 5X-

Band  DWRs  and  

200AWS/ ARGs in major 

cities for development of 

Urban Meteorological 

Services

Future Plan:
More than 100 Smart Cities 

of  India 

Setting up High Density Meso-network and high resolution 

Modeling framework for major cities for Early Weather 

and Air pollution Monitoring/Forecast

1) Current Weather Observations 

2) Current Air quality Observations 

3) Radar, Lightning and Satellite data

4) Weather warning of District/stations

5) Nowcasting (District/stations)

6) Daily Bulletin
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❑IMD has taken up Impact Based
Forecasting (IBF) in a big way and i-
FLOWS provides a very effective
framework for generating IBF for
India's megacities

❑Strengthening of  rainfall monitoring 
network in non representative pockets 
of Mumbai especially on eastern side 
and up western coast.

❑Model consistency during the events

❑Changing Rainfall Pattern

❑Precise Mechanism of verification

❑Receiving disaster  data from state govt. 

❑Interactive platform required for sharing the 
feedbacks even from the general public (Crowd 
Sourcing)



Existing Rainfall monitoring system and need

➢ Enhanced observational network (both direct and remotely sensed) alongwith merged dataset for monitoring every hourly

➢ Need for Meso network (1AWS/4 sq. km)

675 AWS

1289 ARG

24-hr accumulated precipitation as on 0830 

hrs IST 02-Dec-2015

DWR Chennai – 24-hr rainfall,  02-12-2015/ 

0830 hrs IST



Issues:Real time MONITORING OF WATER BODIES

Around Adyar river in Chennai – 

NRSC product

❖ No operational mechanism exists for 

daily monitoring of all water bodies

❖ Local, DISTRICT and catchment level 

R/F FORECAST



Defining city specific drainage system and topography

• Information on drainage system including

drainage capacity at different locations /

areas in a city.

• Digital data on drainage system are

needed

• Cartosat data at 30 m resolution freely

available

• 2 metre data are needed for mega-cities

• Vertical resolution of 0.5 m needed.



Decision support system

➢Observation (Rainfall, water level)

➢Drainage system data   

➢Digital elevation model

➢Prediction

➢Meteorological Models

➢Hydrological and hydrodynamical Model 

➢Vulnerability model

➢Terrain model

➢Coastal inundation model

Flood disaster simulation in Adyar river, Chennai -

RISAT Image – 03 Dec 2015



Thank you
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