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Introduction

» Mumbai is the economic capital of India. Its one of the
most densely populated cities in the world (population of
more than 1 crore & daily floating population of few
lakhs).

» Mumbai is also one of the most vulnerable cities often
affected during monsoon. Urban Flooding in Mumbai
especially during extreme rainfall events, almost bring the
city to halt, thereby severely affecting its economic and
other aspects

AINWISERY .

» In order to aid the mitigation activities of flood prone
Mumbai and to provide early and effective warnings, IMD
under the guidance of Ministry of Earth Sciences (MoES),
two new initiatives were started during Monsoon 2020.

» Impact Based Forecasting System (IBF) along with
Integrated Flood Warning System ( I - Flows Mumbai )
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Analysis of the Rainfall Data

» 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

Heavy Rainfall Events over Mumbai during 1990-2019
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Analysis of the Disaster Data
> NDMA disaster data (1967-2016),

BMC disaster data available and reports from Total number of Flash floods/ 1 Floods lasting Floods lasting Floods lasting
Media duri 1 10 1 1 d major flood day flood events for 2 days for 3 days for 3 days or
€dla during ast years were also analyze events more
76 115 30 13 13

» Based on analysis of the past events and its severity , the possible impacts were categorized

Minimal Minor Significant Severe
o  Water logging/ flooding in many parts »  Widespread water logging/ flooding in
» Slippery roads * Localized of low-lying area and river banks most parts of low-lying area and also on
flooding/water river banks.
» Traffic Congestions logging of low-lying s Localized and short-term disruption to s Major disruption of traffic flow.
areas municipal services (water, electricity, s Major roads/local trains and travel routes
etc.) severely affected.
» Traffic Congestions * |nundation of coastal areas coinciding
*  Major disruption of traffic flow. with high tide.
¢ localized and short-term disruption to

» Major roads/local trains affected. municipal services (water, electricity,

etc.)

» Possibility of danger to very old * Possibility of danger to incredibly old and
buildings and unmaintained unmaintained structures, falling of trees
structures, falling of trees etc ete

*  Possibility of local landslides/ landslips in
elevated hilly areas




Correlating the Rainfall data & Disaster data: Threshold Calculation

Cumulative approach as well as individual heavy rainfall days were analyzed

Date/ Month Event Type

26061990  27.06.1990  Floods and Heavy Rains

26.06.1990  27.06.1990  Floods and Heavy Rains

Year Month  [Date Santacruz |Rainfall
1990 6 1 2.1 111
1990 6 2 0 0
1990 6 3 92 0
1990 6 4 0 529
1990 6 5 719 a9
1990 6 6 0 0
1990 6 7 0 0
1990 6 8 12 75
1990 6 9 13 0
1990 6 10 33 41
1990 6 1 0 0
1990 6 12 98 111
1990 6 3 206 152
1990 6 14 17 0
1990 6 15 02 05
wo | 6 | 15 | oo ||
1990 6 Y 619 1539
1990 6 18 0 6
1990 6 19 07 11
1990 6 2 0 08
1990 6 2 0 02
1990 6 2 0 07
1990 6 3 12 29
1990 6 4 0 11
1990 6 25 2 14
1990 6 2% 205 1168
1990 6 7 1163 | 369
1990 6 2 105.2 86.2
1990 6 9 85 815
1990 6 30 621 4
1990 7 1 129 0

Location Name District (Area Affected)

Bombay
Bombay

Casualties

Intensity

Heavy rains
Heavy rains

Single day heavy rainfall leading to flooding events

increasing in the recent years

Threshold for Mumbai around 6cm

Flood Dates

26.06.1990

15.08.1990

17.08.1990

21.08.1990

CLB
SCzZ

CLB
SCZ

CLB
SCZ

CLB
SCZ

Daily
Rainfall
D-5 D-4 D-3 D-2 D-1 D
21-Jun 22-Jun 23-Jun 24-Jun 25-Jun 26-Jun
0 0 1.2 0 2 20.5
0.2 0.7 2.9 1.1 1.4 116.8
10-Aug 11-Aug 12-Aug 13-Aug 14-Aug 15-Aug

Cumulative
Rainfall

23.7
123.1




Correlating the Rainfall data & Disaster data : Impact Response Matrix

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

Rainfall category

Expected Impact

Action Suggested

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

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




Collection of Impact Based Data for Mumbai
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Meteorological Data

EXTREME ONE DAY RAINFALL OVER COLABA DURING MONSOON
700
600 - 575.6
Mean
o Mean Mean Mean Number of days with 500 -
Month | Temperature(*'C) RT?t?III Nfull?nl_)er =
Daily Daily e 1 % areY | HAIL | Thunder | Foe [sauaLL = 4001
Minimum | Maximum | (mm) ays 3 331.8
Jan [17.3 31 0003 0.0 0.0 0.0 0.0 0.0 2 2001
Feb [18.2 313 0004 0.1 0.0 01 01 0.0
Mar [21.4 228 000.0 0.0 0.0 01 0.0 0.0 200 1
Apr [242 332 000.1 0.0 0.0 0.1 01 0.0 100
May [27.0 336 011.3 0.5 0.0 0.5 0.0 0.0
Jun |26.6 324 4031 13.6 0.0 6.1 0.0 0.5 0
Jul 255 30.4 §40.7 229 0.0 2.9 0.1 0.4 1974 1991 2020
Aug [25.1 30.0 5852 215 0.0 14 0.0 0.2 YEAR
Sep [248 30.7 3414 13.9 0.0 5.7 0.0 0.0
Oct |23 334 0893 34 0.0 31 01 0.0
Nov [21.3 337 009.9 0.6 0.0 0.7 0.0 0.0
Dec 185 324 {H]]'G “2 u'u uu 0'1 uu EXTREME ONE DAY RAINFALL OVER SANTACRUZ DURING
Annual 22.8 321 2373.4 77.0 0.0 20.7 0.4 11 MONSOON

1000 -
900 4

800 -

More than 3
consecutive
days

Stations 1 day /2 3
heavy consecutive consecutive

days

700 A
600

500 4

days

RAINFALL(MM)

400
318.2

300 -

Mumbai 127 39 24 11 200

100

1981 1991 1997
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Vulnerability profile of Mumbai

Three different types of flooding are evident in
Mumbai:
Intense Rainfall taking place in short
intervals leading to localized flooding due to

inadequate drainage

flooding due to overflows from Mithi River,
where settlements have taken place in the flood

plains, and

Flooding due to combination of high tides and

High River flows.

EASTERN SUBURBS

L-WARD

29 Kurla Station{W), Near Rickshaw
Stand

30. LB.S Marg C5.T. Junction 1o
Sheetal Cinema, Kura(W)

31. From Premier Road upto Millind
Nagar Nalla, Kura(W)

WE-WARD
32. Shant Nagar BaiganWac,

MWW.WARD

33. Sindh| Society, Chemblr({W)

34, Between 215t Road and Subhash
Nagar Road, JeevanBahar Sociely,
Chembur(W)

35. Shanta Jog Marg, Tilak Nagar,
Chembur(W)

36. Sawan Bazar, N.G. Acharya Marg
Chambur(W)

N-WARD

37. Kirol Road, Near Fatima High School,
Ghatkopen(W)

38. New Pant Nagar from VallabhBaug
Extension, Lane ypto Radway Police
Quariers, Ghatkopa(E)

39, Naval Dockyar at L B.S. Marg.Jn
Chirag Nagar Road, Ghatkopar(W)

S-WARD
40 Bhandup Village Road, Near
Progressive Steel Co. Bhandup(W)

CITY
B- WARD

1. SVPLow level
2. Sandhurst Road

G/S-WARD
10. Sakhubai Mohite Marg

ARABIAN SEA

WESTERN SUBURBS

HW- WARD

1. Juhu Tara Road & S.V. Road
Junction, Santacruz(W)

12. Milan Subway-Santacruz(W)

13. GazdarBundh, Santacruz(W)

K/E-WARD
14. Bhogale Chowk, Vileparie(E)

15. Junction of M.G. Road, Subhash

Road, Vileparie(E)

K/W-WARD

16. .Andheri Subway

17. Marol Market, Andheri Kura
Road, Andheri(W)

18. Vidyanidhi Complex, JVPD
North, Vileparie(W)

19. Vira Desai Road, Last Bus
Stop, Andheri(W)

Ward Boundaries
® Chronic Flooding Area
# Fire Brigade- 6
+* Navy-9
£ NDRF- 3

PIS-WARD

20, Kotkarmalla, Goregaon(E)
21. Piramal Nagar Nalla, Goregaon(W)

PIN-WARD

22. Rani Sat Marg, MakraniPada,
Malad(E)

23. Link Road, GunaPada, Malad(W)

24, Malad Subway, Malad(E)&(W)

R/N-WARD

25. Sambhaji Nagar, Dahisar(E)
26. Dahisar Subway, Dahisar(E)&(W)

R/S-WARD
27. Valnai Hutment Colonies, Kandivali(W)
(Vainai Village Near Link Road)

28, Opp. Kandivali Fire Station, S.V. Road,
Kandivali(w)
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Vulnerability profile of Mumbai
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Ward wise Vulnerability profile of Mumbai

Risk Assessment:
WARD VULNERABILITY (2019)
Dilapidated Buildings in C1*
:;'. Ward xgtiirg La::;::isde S\:a:lreen:aet::s (C1*- Coni:::tg: rI;remolitionl E:\::;if;?
Spots MHADA Points
/ Govt MCGM | Private
1 A 10 0 7 1 1 2 2
2 B 5 0 0 0 1 0 3
3 C 3 0 0 0 1 2 2
4 D 4 16 10 0 0 13 6
5 E 5 2 10 0 0 6 7
6 F/S 7 b 1 0 3 5 5
7 F/N 15 4 0 3 2 26 6
8 G/S 10 5 0 1 1 5
9 G/N 7 0 1 0 3 7 5
Total 65 38 34 4 12 62 41

M/E

e

Risk Assessment:
WARD VULNERABILITY (2019)
Dilapidated Buildings in C1*
::;. Ward L’:-' ;gt::g La:::LLde S\::llzreer:laebr::s (C1*-Co nf;::f: rI;:l"\'emf.:alitlon] E:::;ﬁ:’-;;?
Spots MHADA Points
/ Govt MCGM | Private

1 H/E 6 0 0 0 0 23 5
2 H/W 10 1 3 0 0 29 3
3 K/E 2 5 0 0 0 38 12
4 K/wW 4 3 4 3 0 48 6
5 L 7 18 13 0 0 23 11
6 M/E 8 11 3 0 0 2 3
7 M/W 11 1 0 0 0 13 2
8 N 11 32 0 0 30 34 6
9 P/S 7 2 0 1 0 13 4
10 P/N 12 11 7 0 0 35 8
11 R/S 2 4 4 0 1 11 6
12 R/N 3 3 1 0 0 11 5
13 R/C 9 4 2 0 0 20 6
14 S 12 152 0 0 0 7 10
15 T 11 5 2 0 0 47 6
Total 115 252 39 4 31 354 93
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Updated Impact Response Matrix

Minimal Minor Significant
; P ; ; logging/ flooding in most parts of low-lying
: . . e Water logging/ flooding in many parts of low-lying areas in * Water logging
oSlinpery roads * Localized flooding/water logging of low areas in city, western and eastern suburbs
ppery city, western and eastern suburbs
*Traffic Congestions lying areas of city, western and eastern eFlooding/inundation of river banks (especially banks
i f Mithi Ri d oth jor lakes in suburbs.
sIncreased travel times suburbs . Flooding/inundation of river banks (especially banks of o Vit _1ver) _an omer ma]or aes I suburbs
eSevere disruption of traffic flow.
. Traffic Congestions.. Mithi River) and other major lakes in suburbs
eMost roads/local trains and travel routes severely
- Increased travel times o . ] affected.
* Major disruption of traffic flow oFlight operations will be affected.
. Major roads and local trains affected. e[nundation of coastal areas coinciding with high tides
R Flicht i be affected eLocalized and short-term disruption to municipal
lght operations may be atfected. services (water, electricity, etc.)
. Inundation of coastal areas coinciding with high tides.
lized and sh di . icipal . ePossibility of danger to very old buildings and
) Localized and short-term disruption to municipal services unmaintained structures.
(water, electricity, etc.)
o o o eFalling of trees/branches in gusty winds.
. Possibility of danger to very old buildings and unmaintained oSlum areas along railway track, coastal areas, river
structures. banks and drains may be severely affected
R Falling of trees/branches in gusty winds. oClosure of roads crossing low water bridges
. Slum areas along railway track, coastal areas, river banks eSqually weather along the coast and rough Sea
and drains may be severely affected conditions
o Closure of roads crossing low water bridges ePossibility of local landslides in elevated hilly areas of
. Kurla, Sakinaka, Chembur, Bhandup, Vikhroli,
. Squally weather along the coast and rough Sea conditions Ghatkopar and Mulund areas.
Action suggested
. Nil . Traffic may be regulated effectively . Traffic may be regulated effectively . Traffic may be regulated effectively
. People living in very old buildings, unmaintained structures |e People living in very old buildings, unmaintained
and river banks (specially banks of Mithi river) may take structures and river banks (specially banks of Mithi
caution and move to safer places. river) may take caution and move to safer places.
o People in the affected areas may restrict their movement.




Impact Based Forecast Format
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Regional Meteoralogical Centre, Mumbai

Dated: 04/08/2020

Time of issue: 0230 hrs

IMPACT BASED FORECAST FOR HEAVY RAINFALL OVER MUMBAIL

Updates of Ongoing Heavy Rainfall Event

Date 04 Aug
Rainfall Realised at 0230 hrs | Mumbai city and suburbs experienced intense spell of rainfall
of 4 Aug 2020 during past 3 hrs. (Map enclased)
(from 0830 hrs IST of 3% Aug)
Forecast
Impact Expected * Widespread water logging/ flooding in most parts of low:
Iying area and also on river banks.
 Major disruption of traffic flow. Major roads/local trains and
travel routes severely affected.
sLocalized and short-term disruption to municipal services
(water, electricity, etc.)
ility of danger to i old
structures, falling of trees etc
*Possibility of local landslides in elevated hilly areas
sClasure of roads crossing low water bridges
Action Suggested « Traffic may be regulated effectively
« People inthe affected

COLOR CODES

SAT. INSATIDR MG
MG TIR1 108 um
A sea

000200012045 t0 2112) GNT
010820200215 to 242) 18T

Legends:
Rainfall Range
Light Spell 1cm /e Very intense Spell 35 cm/he
Moderate Spell 1-2 cm/hr Extremely intense Spell 510 cm/hr
Intense Spell 23 cm/br Cloud Burst >10 cm/he
Rainfall Categories
Rainfall (in mm)
Trace-2.4 6451155
Light Rainfall 25155 Very Heavy Rainfall 11562044
156644 ‘Extremely Heavy Rainfall 52045

Reglonal Weather Forecasting Centre
RMC Mumbai

Phone: 491022 22150431/22174719/22174735

Rainfall during past 3 hours:

Map  Satelite s

(S £
& g Bhwadi
- o R
i
o 'gg‘*‘ ""’&m“?‘
¥ -
“ 0, T w

A A
- Na;m\.nm:r
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Impact Based Forecasting Operational Set up

» 5 day district wise warning » Based on the rainfall forecast generated by IMD 5 day

forecast , if the rainfall is expected to be “heavy” and more
» As per SOP, advisory/ alert 72 hrs prior to stake holders

flood inundations models are run and ward wise
» Impact Based Forecast Warning - 24 /48 hrs prior I - flows flood guidance are generated by

» 3 hourly IBF update throughout the event NCCR and sent to IMD.

Satellite & radar data
Rainfall “
forecast W
Dynamic
: _ Flood N Weather
IMD > NCCR | > %;‘ l IMD guiﬁ(.i:‘:ce v information
¥ o I1-Flows

5 day Forecast & Warnings L 5 = BMes Location g V’

Vulnerability specific impact

e ] Uwlh  Wwlewe v z. o

vy = IT™ &dl;‘::“s::l ';al.; ’ based forecast
o i W . 3

e I identified WIRE Rony
e ] locally e rai upda
— — Real time rainfall

information
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Evaluation of IBF - Mumbai Monsoon 2020

Pt
= O
= O

—
L]

Rainfall (mm)

Mumbai f{aximum Rainfall (mm) July-Sep 2020

05-08-2020

1 357 911131517192123
Hours

3-09-202

0
||H|. |||||. 1.

135789 Hio{ESIS 17192123

> 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.

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

UColaba recorded 252.2mm, 53.2mm
and 331.8mm consecutively.

17



Forecasts and Warnings issued by IMD

U 5 day district Forecast

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

Govermment of India
India Meteorological Department
Reglonal Meteorelogical Centre
Mumbal - 400005

Press Release Dated: 1082020
Time of Issme: 1600 hrs. IST

Sub: Active Monsosn conditions over West coast and laterbor Maharashtra
Due 1o the y of currenes and likelihood & of a low-pe area
over North Bay of Bengal around 4% August 2020, the rainfall intessity is very likely to

mcrease over Koakan mcluding Mambas and adjoining ghat arces of Madhya Maharashira
during sext 4-5 days. Eshanced ramfall is also expecied over distnicts of intenior Maharashtra

The detsiled district wise forecast and wamings for the region are 2s follows:

Govermment of India
India Meteorological Deparimest
Reglonal Meteorsdogical Cemtre

W bed — JO00S

Press Release Daied: 3082020
Timie of lssmez 1530 brs. IST

Suh: Active Monsesn conditiens over West caast and |[wierksr Maharsshirs

Due io the stresgiening of monscon currents and likelihood fomuation of o low-pressure ares
brver Month Bay of Bengal arooed 4% August 2030, the rainfall imesity is very likely s
prcrease over Koskan including Mumibai and sdjoining ghat aress of Madhys Mahsrshira
Buring 3-6 August 300, Enhanced minfall & also expecied over districts of interior
pilaharnshire.

Wyeather Sysbems:

* A Low-Pressure Area is likely 1o foms over nonh Bay of Bengal by Odeh August 2020

» The cast-west shear zome now runs roughly shomg Lat 16°N between 3.5 kom & 7.6 km
above mean sea level

= A eyclonic cireulation lies over East-central Amabian Sea off north Maharashtrs coast
fetween 3.6 &. 4.3 kom above mean sea level,

» Themonsoon troagh ai mesn sea level is presently at normal pesition mmd likely to shift
scthwards and strengthen during next 34 duys.

* Because of dese metoorological feavares, southwesterly monscon fow is likely 10
strengthen over Arshisn sea and along the west-coast due o increase in noath sowdh
pressure gradient and stremgrhening of winds.

[EEE

Aakaminy

Py

Lty

Fraduiny

by

el

‘Government of India
India Meteorological Department
Regional Meteorological Centre
Mumbai - 400005

Press Release Dated: 05/08/2020
Time of Essue: 1630 brs. IST

Monsoon remained witespraad vigarous over Konkan yesterday with heavy to very rainfall at
many places and isolated extremely heavy falls. Extremely heavy rainfall also occurred at
isolated places in the ghat ansas of Madhya Mumbai al semced scattered
heavy to very heavy rainfall yesterday. The intense rainfall activity over the region is expacted
till 6% Aug 2020 with gradval reduction thersafter,

Realized Rainfall over Mumbai and around:
Muombai tecsived widespread rainfall with scattered heavy to very heavy rainfall The
manimm rainfall realized ever Mumbai and aroumd was over Mira Road 187mm.

Rainfall (in mm) realised over Mumbai and arousd at 8.30 hrs of 5th Aug 2020
e e T
1500 ...».._.----mn usa 52 i
1mm o - e
o I" l M )
sare um
. Jandid UITALLF
7 9 Yy PAF A FFEED
& F - 4

Weather Systems:

= The well-marked low pressure area gver northwest Bay of Bengal off north Odisha-
‘West Bengal coasts along with asseciated cyclonic circulation extending upto upper
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Forecasts and Warnings Issued

Mumbai & around Extremely Heavy Rainfall on 5%
-6'" Aug 2020 with Flood Guidance and IBF
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Forecasts and Warnings issued by IMD

UFlood guidance provided from
I - flows Mumbai were also provided to the state
and Mumbai disaster management authorities.

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

-

" RN
Regional Meteorological Centre, Mumbai

& _ 3 —

Dated: 63 Aug 2020 Time of issue: 1300 hes ST

— S— T wtEw &, wAEr, #@9E

mwﬂ Regional Metearalagical Centre, Mumbai

e [+ Wdeaa it egpng stng
T e ahton pirgnes | oo Dated: 05 Aug 2020 Time o issue: 2230 hes 15T
2t e s
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Rainfall Verification

Rainfall (in mm) realised over Mumbai and around at 8.30 hrs of 5th Aug 2020
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Validation Based on MCGM Flood Point data

Flood points observed during 4t 5% Aug 2020 showing extensive floods as indicated in the impact
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Regional Meteorological Centre, Mumbai

Dated: 03 Aug 2020

Time of issue: 1300 hrs IST

IMPACT BASED FORECAST FOR HEAVY RAINFALL OVER MUMBAI

Date 03 Aug 2020 04 Aug 2020
Forecastf Warning Heavy to very heavy rainfall at
isolated places
Impact Expected Widespread water logging/ flooding

= Water logging/ flooding in in maost parts of low lying area and
many parts of low lying area also on river banks.
and river banks

»  Major disruption of traffic flow.

» Localized and short term Major roadsflocal trains and travel
disruption to municipal routes
services (water, electricity,
etc.) *  Localized and short term disruption

#  Major disruption of traffic to municipal services (water,
flow. Major roads/local electricity,
trains affected.

= Possibility of danger to incredibly

= Possibility of danger to very old and unmaintained structures,
old buildings and falling of trees etc.
unmaintained structures,
falling of trees etc = Possibility of landslides in elevated

hilly areas

#  Closure of roads crossing low

water bridges * Clasure of roads crossing low water
bridges
Action Suggested » Traffic may be regulated |» Traffic may be regulated effectively

effectively

= People in the affected area = People in the affected area may
may restrict their movement restrict their movement

COLOR CODES
Very Low No action
Low Be updated
Medium Be prepared

¥ 4o & TRaR T e 1 31 IR 81 281 & v aorg & 1w & ok Rl
HERTY & 4% 5 qaTg aﬁmgﬁr?g Has > 33

Based on Media Reports

H 99 +R1a I 5 T 8. Hes & gSie Ged o, ®IH & AaeI@! gl
ﬁﬂ@ﬁmwﬁmm“w%a‘zﬁmﬁmaﬁ BB SR &5 aﬁahwﬁa’rz?
amw&amﬁma@%s@nm T TR O 3 AR R 6
T H TP wse %WWW%WW%

Widespread water logging in

Low lying areas &
River banks inundated
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Mumbai Rains: RPF teams up with NDRF to
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Extreme Rainfall Events over Mumbai in 2021

15-16 July 2021 17-18 July 2021

* COLABA * SANTACRUZ 2338 2349
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¥ COLABA ~ SANTACRUZ

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



Continuous Monitoring with Nowcast updates & Impact Based Forecast Updates

Dated: 17 July 2021

Regional Meteorological Centre, Mumbai

Time of issue: 2230 hrs

SRR, ST, e

Dated: 18 July 2021

M

Regional Meteorological Centre, Mumbai

Time of issue: 0100 hrs

MU

Updates of Ongoing Heavy Rainfall Event

IMPACT BASED FORECAST FOR HEAVY RAINFALL OVER MUMBAIL
- . . Rainfall Realised at 2330 hrs
D! igoing Heavy o s g
e IST of 17 July 2021 Mumbai city and suburbs experienced moderate to intense spell
Rainfall Realised at 2230 hrs bai city and suburl Tight to = pell (ﬁnmom:or;sl'ofﬂlldy of rainfall during past 3 hrs.
of rainfall during past 3 hrs. Colaba - 64.0 mm, Santacruz -17.0 mm, Juhu Airport-13.5 mm,
(from 0830 hrs IST of 17 July Mira Road- 10.0 mm, Ram Mandir- 20.5 mm
2021) Santacruz (AWS) — 12 mm , Colaba (AWS) —4.5 mm ,
Ram Mandir -19 mm, Juhu Airport — 11.5mm
As per latest observations, Mumbai city and suburbs are very
Forecast for next 3-4 hrs likely to by with ligh
As per latest observations, Mumbai city and suburbs are very gusty winds and intense to very intense spells of rainfall during
Forecast for next 3-4 hours likely to experience thund ied with lightni next 3-4 hours.
gusty winds and moderate to intense spells of rainfall with
during next 3-4 hours. Warning for 24 hours
(from 0830 hrs of the day to y to very he fall at a few places with possibility of
24 hours Warning for Mumbai IREotack St} L
) Heavy rainfall very I.ilmly.ai isul.atad places. Possibility of Impact Ex
(valid from 8.30 hrs of the day thunder/lightning at isclated places. o Water logging in many parts of low lying areas and river
to 8.30 hrs of next day) banks
Impact Expected e Disruption of traffic flow. Increased travel times
#* Water logging in some parts of low lying areas.
= Major roads and local trains affected.
# Localized and short term disruption to essential
municipal services (water, electricity, etc.) * Possibility of danger to very old buildings and unmaintained
structures
#+ Disruption of traffic flow. Increased travel times.
* Occasional gusty winds with speed reaching 45-55 gusting to
% Possibility of danger to very old buildings and : kmph alo@ and off‘the coast resulting in possibilities of
unmaintained structures. mage to % ./
+ Possibility of cloud to ground lij G
“Action Suggested % Traffic may be regulated effectively o,/ Rough Sea conditions along the casst:
* Possibility of cloud to ground lightning.
+ People '"“:hn:ﬂ:ht:d '":" may restrict their Action Suggested * Traffic may be regulated effectively
movement a caution. * People staying in vulnerable places may take caution.
COLOR CODES
Lo Be updated

S

&

Dated: 18 July 2021

Regional Meteorological Centre, Mumbai

Time of issue: 0300 hrs

Updates of Ongoing Heavy Rainfall Event

Rainfall Realised at 0300 hrs
IST of 18 July 2021
(from DE30 hrs IST of 17 July
2021)

i city and
spell of rainfall during past 3 hrs.

ced intense to very intense

Colaba (AWS) -174.5 mm, Santacruz -213 mm, Juhu Airport-
197.5mm, Bandra -1397.5 mm, Bhayander -164.5mm, Ram Mandir
-171.5mm , Mahalaxmi = 154.5mm

Forecast for next 3-4 hrs

‘Warning for 24 hours

{from 0830 hrs of the day to
0830 hrs of next day)

Impact Expected

As per latest ob ions, bai city and suburbs are very
likely to experience intense to very intense spells of rainfall
(greater intensity towards northern parts of suburbs) during next
3-4 hours. Possibility of thunder/lightning and gusty winds in
some areas.

+ Water logging/inundation in most parts of low lying areas
and river banks
= Disruption to road, rail, air and ferry transport. Major roads

and local trains affected.

#  Possibility of flash floods coinciding with high tide.
= Local disruption of municipal services (Water, electricity etc.)
»  Flow of water over low-lying roads and bridges.

+ Possibility of danger to very old buildings and unmaintained
structures

+ Deccasional gusty winds with speed reaching 45-55 gusting to
&0 kmph along and off the coast resulting in possibilities of
damage to vulnerable /temporary structures.

#  Landslidef/Mudslides and rock falls in vulnerable areas.




Evaluation of the IBF issued for Mumbai :

Warning for 24 hours
(from 0830 hrs of the day to
0830 hrs of next day)
Impact Expected
L]
L]
L]

damﬂﬁe to vulnerable ‘temEnram structures.

Water logging/inundation in most parts of low lying areas
and river banks

Disruption to road, rail, air and ferry transport. Major roads
and local trains affected.

Possibility of flash floods coinciding with high tide.

Local disruption of municipal services (Water, electricity etc.)
Flow of water over low-lying roads and bridges.

Possibility of danger to very old buildings and unmaintained

structures

Occasional gusty winds with speed reaching 45-55 gusting to
60 kmph along and off the coast resulting in possibilities of

« Landslide/Mudslides and rock falls in vulnerable areas.
* Rough Sea conditions along the coast.
»  Possibility of cloud to ground lightning.
Action Suggested » Traffic may be regulated effectively
s People staying in vulnerable places may take caution.

COLOR CODES

MUMBAINEWS

22 dead, several injured in Mumbai landslides after heavy
rains

Mumbai reported heavy rainfall overnight especially between 12am to
2am leading to waterlogging in several areas of the city.
sng Ly hr e Ciin | SURLET) Uy IIEEaRINN NBY

Mumbai rains LIVE: 25 die in multiple
incidents, Maharashtra CM calls high-level
meeting

S

Mumbai: Commuters wade through a waterlogged road at Dadar after heavy rains

Several people were killed after a wall collapsed on some shanties in Chembur's
Bharat Nagar area due to a landslide in Mumbai. (HT Photo/Satish Bate)

At least 22 people were killed and several others injured in Mumbai and
one of its suburbs after they were trapped under houses that collapsed due

in Mumbai, Sunday, July 18, 2021. (PTI) to landslides following heavy rains that lashed the city and nearby areas

on Saturday night and on Sunday morning, officials said.

Mumbai: Following heavy re
in Maharashtra, Mumbai's

Mumbai rain: 25 people died in rain-related incidents as
incessant heavy downpour overnight during a major

thunderstorm pummeled Mumbai. The Western Railway and

Coptea] Dol bedofl oo

Powai lake has started
overflowing, the Brihanmum/
Municipal Corporation said ¢
Saturday.

As per the release by BMC,
"Powai Lake, one of the mos
important artificial lakes in th
BMC area, has started flowin
at around 3 pm today. The
same lake was completely

flooded on July 5 last year.
Considering this, this year the
lake has started filling up and flowing about 24 days earlier than last year."

Tumbai after the heavy rains, and many long distance trains

vere terminated or regulated at various stations. Seventeen

houses located on a hillock after a landslide, a fire official said.
The retaining wall of the Bharatnagar locality in Mumbai's

Mahul area collapsed at 1 am.

Watch: High tide at Mumbai's Marine Drive as heavy rain lashes city - The

Economic Times Video | ET Now




Challenges & Future Scope

UIMD has taken wup 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

Forecast Model consistency during the
events. Temporal or spatial shift in the
forecast can critically affect IBF issued.

W Changing Rainfall Pattern
dPrecise Mechanism of verification

Receiving disaster data from state govt
and continuous feed back

UlInteractive platform required for sharing

the feedbacks even from the general public
(Crowd Sourcing)
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