Lecture 3- Introducing methodology and DSS for Urban Heavy rainfall IBFW
Including hazard and impact modeling(case of Mumbai):
Exercise on Hazard(including met event ), Impact, Vulnerability and Exposure

(the map exercise) and prearation of Risk matrix for prearation of IBFW)
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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
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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

Heavy Rainfall Events over Mumbai during 1990-2019
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Total heavy rainfall events Heavy >7cm Very Heavy >11cm Extremely Heavy

W Santacruz M Colaba
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Santacruz

® Heavy >7cm

® Very Heavy
>11cm

Extremely
Heavy >20cm

Colaba

® Heavy >7cm

Very Heavy
>11cm

Extremely
Heavy >20cm
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Correlating the Rainfall data & Disaster data: Threshold Calculation

Cumulative approach as well as individual heavy rainfall days were analyzed

Month Date Santacruz | Colaba Date/ Month Event Type Location Name District (Area Affected) Casualties(Human lives and Livestock Intensity
- ~ E{ - - - - - v
6 5 71.8 47.9
6 27 116.3 36.9 26.06.1990 27.06.1990 Floods and Heavy Rains Bombay 10 3 Heavy rains
6 28 105.2 86.2
6 29 78.5 87.5
8 11 88 54.2
8 13 76.5 126.8
8 14 67.5 0.4
8 15 74.4 - 15.08.1990 15.08.1990 Floods and Heavy Rains Bombay 2 Heavy rains
8 16 76.7 85.8
9 25 147.1 97.4
9 26 82.4 39.7
6 9 07.06.1991 10.06.1991 Floods and Heavy Rains Bombay and Thane 74 2550 Heavy rains
6 10 07.06.1991 10.06.1991 Floods and Heavy Rains Bombay and Thane 74 2550 Heavy rains
7 5 65.1 2
7 13 121.7 45.7
7 17 100.3 9
7 18 100.1 B =
7 27 722 2.8 | 27.07.1991 27.07.1991 Floods and Heavy Rains Bombay 4 Heavy rains Flood Dates .
7 28 1326 | 54 Cumulative
7 9 69.7 5.1 Daily Rainfall
% 18 109.2 a.5 18.07.1992 19.07.1992 Floods and Heavy Rains Bombay 7 Heavy rains Rainfall
18.07.1992  19.07.1992 i Bomba: Heavy rains I f—

7 19 101.8 19.2 Floods and Heavy Rains Yy 7 Y D-5 D-4 D-3 D-2 D-1 D
8 5 73.3 0.6
s 12 39.1 26.06.1990 21-Jun 22-Jun 23-Jun 24-Jun 25-Jun 26-Jun

CLB 0 0 12 0 2 20.5 23.7

SCZ 0.2 0.7 2.9 1.1 14 116.8 123.1

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

SeZ 54.2 12.3 126.8 0.4 116.8

Single day heavy rainfall leading to flooding events 17.08.1990
E . p 12-Aug 13-Aug 14-Aug 15-Aug 16-Aug 17-Aug
increasing in the recent years as | 20 | 765 | 615 W 167 409

SCZ 123 126.8 0.4 85.8 73.7
reshold for Mumbai

e
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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

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

Expected Impact

Action Suggested

Traffic Congestions

Slippery roads

Nil

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

Traffic may be regulated effectively

People living in very old buildings
and unmaintained structures may
take caution
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Collection of Impact Based Data for Mumbai
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Updated Impact Response Matrix

Minimal Minor Significant

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

Water logging/ flooding in many parts of low-lying areas in
areas in city, western and eastern suburbs

Localized flooding/water logging of low- |°

*Slippery roads city, western and eastern suburbs

eTraffic Congestions lying areas of city, western and eastern eFlooding/inundation of river banks (especially banks

of Mithi River) and other major lakes in suburbs.
eSevere disruption of traffic flow.

sIncreased travel Hmes suburbs Flooding/inundation of river banks (especially banks of

Traffic Congestions.. Mithi River) and other major lakes in suburbs

eMost roads/local trains and travel routes severely

Increased travel times o ] i affected.

Major disruption of traffic flow eFlight operations will be affected.

Major roads and local trains affected. eInundation of coastal areas coinciding with high tides

eLocalized and short-term disruption to municipal

Flight operations may be affected. . . P p
services (water, electricity, etc.)

Inundation of coastal areas coinciding with high tides.
] [ ] s | ePossibility of danger to very old buildings and
Localized and short-term disruption to municipal services unmaintained structures.
(water, electricity, etc.)
eFalling of trees/branches in gusty winds.

oSlum areas along railway track, coastal areas, river
structures. banks and drains may be severely affected

oClosure of roads crossing low water bridges

Possibility of danger to very old buildings and unmaintained

Falling of trees/branches in gusty winds.

Slum areas along railway track, coastal areas, river banks eSqually weather along the coast and rough Sea
and drains may be severely affected g
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 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.
e People in the affected areas may restrict their movement.
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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.

é z Integrated Flood - Inund

IFLOWS-MUMBA

Regional Meteorological Centre, Mumbsai . - IS 1 RS YORIH po

Dated: €3 Aug 2020 Time of issue: 1300 hes ST

e Wi Ate 47, Fen, Hed

Torecads aries | Wiy 10 wary haawy rantall 31

ke e Regional Metearological Cemtre, Mumbsai
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Impact Based Flood 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 flood

» As per SOP, advisory/ alert 72 hrs prior to stake holders inundations models are run and ward wise
I - flows flood guidance are generated by

» Impact Based Forecast Warning - 24 /48 hrs prior NCCR and sent to IMD.

» 3 hourly IBF update throughout the event

Satellite & radar data

Rainfall
forecast

Warraing Minh Lowed | groen yedhom sovtm red)

v o =l
Flood ' Weather o ;
guidance ' information e holders

from = ;.,;_‘: o
1-Flows _—- g A
5 day Forecast & Warnings T ‘ e Location ’
- e uinera - . specific impact
:_. ‘sartan ese & potential oy bp g e t
= | e Gt 212 ased forecas
:.“‘ W & e identified with 3 hourly
S locally i . update
: Real time rainfall
information
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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
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Integrated FLood Warning System (IFLOWS)-MUMBAI
O Developed by: Ministry of Earth Sciences QO GIS based DSS

(MoES), in coordination with the Municipal Land topography, land use,
Corporation of Greater Mumbai (MCGM). infrastructure, population, lakes,
O Working: Comprises of 7 modules creeks
- Data assimilation ‘River bathymetry of all rivers
* Flood & inundation (Mithi, Dahisar, Oshiwara, Poisar &
* Vulnerability Ulhas.
* Risk 1 The system has provisions to
* Dissemination capture the city drainage data and

* Decision Support System (DSS)

O Weather forecasts from NCMRWEF
& IMD and field data from the rain gauge
network stations.

RAINFALL(mm)
= o=k BN A

Benefits: This will boost the city's
resilience by providing early warning for
flooding specially during high rainfall

predict the areas of flooding.

DAILY RAINFALL OVER MUMBAI FROM JUNE 2021

events and cyclones. o bl |
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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.

all latest digital dissemination system like CAP, APIl, WhasAPP, etc for timely
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Impact Based Forecast Format
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’S Rainfall during past 3 hours:

-

Regional Meteorological Centre, Mumbai

Map  Satelite

Dated: 04,/08/2020 Time of isswe: 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 enclosed)

(from 0830 hrs IST of 3™ Aug)

Forecast

= Widespread 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 incredibly obd and unmaintained
structures, falling of trees etc

of local in hilly areas

*Closure of roads crossing low water bridges

+  Traffic may be regulated effectively

= People in the affected area may restrict their movement

COLOR CODES

008202002045 ta 2112) GNT
0108202000215 to 0242) 15T

Rainfall
Rainfall Range Rainfall Range
Light Spell Very Intense Spell 3-Sam/he
Spell 5 Extremely Intense Spell 510 cm/hr
intense Spell - Cloud Burst >10 cm/ne

Rainfall C:
Rainfall (in mm) Rainfall (in mm)
Very Ught Rainfall Trace-2.4 Heawvy Rainfall 6451155
Light Rainfall 25155 Very Heavy Rainfall 11562044
Rainfall 15.6-64.4 Heavy Rainfall >=204.5

Regional Weather Forecasting Centre
RMC Mumbai

Phone: +91 022 22150431/22174719/22174735
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Mumbai Monsoon 2020

[ Mumbai Maximum Rainfall (mm) July-Sep 2020
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1 3 5 7 9 11131517 19 21 23
Hours

Ramfall (mm)

1 357 9 ]]10%1?;515 17 19 21 23

> 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

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

Govermment of India
India Meteorological Department ™
llrgln-nl Meteorological Centre Ciovermment of India
200085 Indis Meteorological Deparinest
Heglonal Meteorslogics! Cestre
Aumbad - J0665
Press Release Dased: LU/ 2020
Time of Issme: 1600 hrs. 1ST
Press Release Dated: 3082020
Sub: Active over West const and interior Maharashera Time of lssme: 1530 brs. 15T

QVery good feedback was received from the user’s e o e S e e s i o e g [ e e b e e et e

c 10 the stresgihening of monseon currents snd likelihood fomation of o low-pressune anes
increase over Komkan imcluding Mamba: and adjoining shat arcss of Madhys Maharashira

cer Morth Bay of Bengal arcesd 4% August 2020, the rsinfall intessity is very likely

side including general public, media and other stake [ e Kot i Mot e i ot e S e

3.6 August 2020 Enhanced rminfall i alse expected over districs o T interiar
The dessiled district wise forecast and wamings for the region are as follows
shirs.

e = s T

holders for timely communication of severe weather e e
warnings in advance. B

eather Sysbems:
= A Low-Pressure Area is likely 1o foms ever monh Bay of Besgal by Oddh Angust 2020,

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

vigorous oves Forkan yesterday with beavy to very rainfall at
many places and isolated extremely heavy falls. Extremely heavy rainfall also occurred at
isolated places in the ghat aseas of Madkya M; Mumbai also 5 scattered
1ill & Aug 2020 with gradual reduction thereatber.

el Realized Rainfall over AMumbai and around:
Mumbai received widespread rainfall with scattered heavy to very heavy maimfall The
Hewsy saln | masimum raimfall realized over Mumbai and around was over Mira Road 187mm.
Hand e

Raisdall (in mem) realised over Mumbai and areusd 2t B30 hes of Sth Aug 2020

= The well-marked low pressure area over corthwest Bay of Bengzal off north Odisha-
‘West Bengal coasts along with associated cyclomic circulation extending upto upper

INDIA METEOROLOGICAL DEPARTMENT



Forecasts and Warnings issued by IMD

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

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

R, Sramar, gk é
Regional Meteorological Cemtre, Mumbai

Tiema of issie: 1300 hes ST

Regional M:tml.-uglﬂ.l mire, Mu:rnl:l.'ll

¢ Wideiaread water logping flecd ing Danad: 05 Asg 2020 Tirfa & issisk: 2230 ks IST
+ water loggng 1 in most parts of low hyieg area and
many pans o i wl.mgxm 350 oo rwar Banis.
¢ baker

IMPACT HASEFD FONRECAST FOH HEAYY RATNEFALL (W ER NILTNMIHEAL
Updates of Ongoing Heawy Fadndfall Event

Cartm 04 Beay 2020

PellaamiBae City S Cules s G iefald ban co spall T wary iho i Cpedl of
Fad il Soring pai 2 hirs
[Fiap enclosed | Samtacrur = 303 00 mm
Cadabia -293 & i
STEninE wi e wi 1 Jrage Spead nadiEng PO-E0 kmph Wi réportes 1
Colaba between around BEI0 pen, wilh masimuom wind gusting to 100 kmph .

Vuneraniiny

- [
Ew/ \

§EfEEieiieeEE-rEEEEIEEER 0

= Locakved Moodeg fwater DgEing of lre bying @ e
- ol i et parts of low lping ares and

ale on river Banks
RETE

= Majes disuptisn of Fehic Now. Major reads/locsl aisd and trasel 2sasaneen
POt dar iy 3P eoed

= Localived and sheet-tarm SSrupion 1o et pal S b |watsn,
wksciricity, @)

= Possibiivy of danger Lo e old and ShTuUCtunes,
Fallng o trews erc

z3esanasn
Sanjay Gersthi Nagar zaesanas
Municigal Celery Tzsasanisn

Shiv Shalai Hagor Kurla Eaczi zsesanasn
Folice Colory (Kurla East) z3ssanes0
Bzhak Nagar (luh) Tzsssanisn
Four Bunglones z3ssaTesn

Four Bunglones “zassanesn

Guinahar Calany 1238557080

- il Bl i hilly afdas
= Closird of Foaess crosaeg ow water bridgi:

Viths| Nager (Juhu) 1z3as87020
indian G Mogar {Four Bunglows) 1238557880
Vallabh Nagar (Jubuil 1234557850

Sainath Nagar 1z3as87850
Suwarn Magar (Juhu) 1234557850
D Nagar (Feur Bunglows) 1232557080

® Trathc may b negrelabed eftistively

= Peophrin the alfected aned may MESEAcE Thisr SeSretement
Marizh Nagar (Four Bunglows) 1z3a5E7820
Mew Lic Colany (Four Bunglaws) 1238557880

Waidya Magar (Banra West) 1232557080
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Forecasts and Warnings Issued

Mumbai & around Extremely Heavy Rainfall on 5™
-6t Aug 2020 with Flood Guidance and IBF ; o
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Rainfall (in mm) realised over Mumbai and around at 8.30 hrs of 5th Aug 2020

187.00

> 171.00
110.60 222 107.00
84.80
63.20 65.60 65.80 66.40
llll“l"""l I
3 o
24 hour rainfall (in mm) realised at 8.30 hrs IST of 6th Aug 2020

53.00

148.20
111.40 306 29 113.60
8430
a9.20 '

74.20

39.00

48.00

' A

A-Aug-ZD

Tohug e |

5 Aug 29 = & Aug 2o |

Fovp | ey

—
331.20

400.00

300.00

162.40162.30
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Validation Based on MCGM Flood Point data

Flood points observed during 4t 5t Aug 2020 showing extensive floods as indicated in the impact
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Dated: 03 Aug 2020

Based on Media Reports

Regional Meteorological Centre, Mumbai

Time of issue: 1300 hrs IST

IMPACT BASED FORECAST FOR HEAVY RAINFALL OVER MUMBAIL

Date

03 Aug 2020

Forecast& Warning

Heawvy to wery heawy rainfall at

isolated places

Impact Expected

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

Localized and short term
disruption to municipal
serwvices (water, electricity,
ete.)

Majar disruption of traffic
flow. Major roads/flocal
trains affected.

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

Closure of roads crossing low
water bridges

04 Aug 2020

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

Majar disruption of traffic flow.
Major roadsflocal trains and travel
routes

Localized and short term disruption
to municipal services (water,
electricity,

Passibility of danger to incredibly

old and unmaintained structures,
falling of trees etc.

Possibility of landslides in elevated
hilly areas

Clozure of roads crossing low water

bridges 3 i i ﬁaﬁmﬁ%ﬁ%wmﬂﬂaﬁ%ﬁm

Action Suggested

Traffic may be regulated
effectively

People in the affected area
may restrict their movemeant

People in the affected area may
restrict their movement

Traffic may be regiated fectively = g kcm %ﬁ A aB Al Giad - & ASGid! &1
K ] H@g@?ﬁﬁuﬁmﬁmgﬁ%ﬁaﬂt

%mmﬂ%

COLOR CODES

Widespread water logging in
Low lying areas &
River banks inundated

IgErT<a Hie=ma=wm fS=sr=—a =
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Based on Media
Reports

Vicinity Name First Respondent Vunerability
Murmbs=r
5

Lake Side firea 123455 RS

Mhada Clry 19 123456 P Re

K&

Subbizs Nagar (Chembiur]
Law Kush Society
Fahiul Nasgar
Four Bunglowes:
Sarjay Gandhi Magar
Kunicipal Colomy
Eulmaohar Colomy
Four Bunglowes:
Four Bunglowes:
Waidya Magar (Eandra est)
Dighe Magar {Par=()
BDD Chawel Lowe=r Parel
Siddharth Magar

123456 P Re
123456 P Re
123456 P Re
123456 P Re
123455 RS
123455 RS
123456 P Re
123455720
123455 RS
123456 P Re
123456 P Re
123455 RS
123455 RS
123455 RS

Water-logging was reported in low-lying areas of Chembur, Parel, Hindmata, Wadala and other areas
>f Mumbai. In pic: Areas around Oval Maidan and Churchgate were also flooded. (Express photo)

Mumbai Rains: RP

rescue around 200 people 3 =
between Masjid Bunder and Byculla
stations

RE| Staff Colory 1234557020
Mantralaya 1234557050
Church Gate 1234567080

Church Gk

Tiak Magar, Kurla Earst
“Wikhroli Esst

Samata Magar

123456 P Re
123456 PRS0
123456 P Re
123455 RS

By Swapnil Mishra

Cama lndl Easiat=-goregacn East 123455 TR0
Gailwad Nagar 12345570
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=N
=N
]
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=N
]
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Wikhroli Eest 123456 P Re
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Extreme Rainfall Events over Mumbai in 2021

9-10 June 2021

220.6 222 2221 2223 227.1

- 17-18 July 2021

* COLABA ~ SANTACRUZ 2338

¥ COLABA ~ SANTACRUZ

15-16 July 2021

Intense to very intense spells during very short duration

¥ COLABA ~ SANTACRUZ

gET<a Hie=as=wm fS=smr=—a S a3 v
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Continuous Monitoring with Nowcast updates & Impact Based Forecast Updates

x

&

uﬁm,aﬁm.ﬁaﬁ

Dated: 17 July 2021

Centre,

Time of issue: 2230 hrs

IMPACT BASED FORECAST FOR HEAVY RAINFALL OVER MUMBAT

Updates of Ongoing Heavy Rainfall Event

=

€

ated: 18 july 2021
S

Centre,

Time of issue: 0100 hrs

dates of Ongoing Heavy Rainfall Event

Rainfall Realised at 2230 hrs

(from 0830 hrs IST of 17 July
2021)

Mumbai city and suburbs i light to

of rainfall during past 3 hrs.

Santacruz (AWS) — 12 mm , Colaba (AWS) — 4.5 mm ,
Ram Mandir -19 mm, Juhu Airport — 11.5mm

Forecast for next 3-4 hours

As per latest observations, Mumbai city and suburbs are very
likely to experience t ied with lightni
gusty winds and moderate to intense spells of rainfall with
during next 3-4 hours.

Rainfall Realised at 2330 hrs
IST of 17 July 2021
(from 0830 hrs IST of 17 July
2021)

Mumbai city and suburbs experienced moderate to intense spell
of rainfall during past 3 hrs.

Colaba — 64.0 mm, Santacruz -17.0 mm, Juhu Airport-13.5 mm,
Mira Road- 10.0 mm, Ram Mandir- 20.5 mm

Dated: 18 July 2021

Y

i 1 Meteorological Centre,

Time of issue: 0300 hrs

Updates of Ongoing Heavy Rainf;

24 hours Warning for Mumbai

tvalid from 8.30 hrs of the day
t0 8.30 hrs of next day)

Heavy rainfall very likely at isolated places. Possibility of
thunder/lightning at isolated places.

Impact Expected

Water logging in some parts of low lying areas.

Localized and short term disruption to essential
icipal servi icity, etc.)

Disruption of traffic flow. Increased travel times.

Passibility of danger to very old buildings and
unmaintained structures.
Possibility of cloud to ground lightning.

Traffic may be regulated effectively

People in the affected area may restrict their
mowvement and take caution.

As per latest observations, Mumbai city and suburbs are very
likely to with

gusty winds and intense to very intense spells of rainfall during
next 3-4 hours.

Rainfall Realised at 0300 hrs
IST of 18 July 2021
(from 0830 hrs IST of 17 July
2021)

Mumbai city and suburbs experienced intense to very intense
spell of rainfall during past 3 hrs.

Colaba (AWS) —174.5 mm, Santacruz -213 mm, Juhu Airport-
157.5mm, Bandra -197.5 mm, Bhayander -164.5mm, Ram Mandir
-171.5mm , Mahalaxmi — 154.5mm

Warning for 24 hours

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

No action

Impact Expected

Water logging in many parts of low lying areas and river
banks

Disruption of traffic flow. Increased travel times
Major roads and local trains affected.

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
damage to vulnerable /temporary structures.

Rough Sea conditions along the coast.

Possibility of cloud to ground lightning.

Forecast for next 3-8 hrs

Warning for 24 hours

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

e

Traffic may be regulated effectively
People staying in vulnerable places may take caution.

Impact Expected

per latest observations, Mumbai city and suburbs are very
likely to experience intense to very intense spells of rainfall
(greater intensity towards northern of suburbs) during next
34 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

Dccasional gusty winds with speed reaching 45-55 gusting to
60 kmph along and off the coast resulting in possibilities of
damage to Y, ¥

Landslide/Mudslides and rock falls in vulnerable areas.

IPrT<d Fl=a=a fS=sr=a S rsr
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Warning for 24 hours

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

Impact Expected

Evaluation of the IBF issued for Munr' =

BAI NEWS

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
damage to vulnerable /temporary structures.

Landslide /Mudslides and rock falls in vulnerable areas.

Rough Sea conditions along the coast.

Paossibility of cloud to ground lightning.

Action Suggested

Traffic may be regulated effectively
People staying in wvulnerable places may take caution.

22 dead, several injured in Mumbai landslides after heavy

rains

Mumbai reported heavy rainfall overnight especially between 12am to
2am leading to warerlogging in several areas of the city.

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

Arx least 22 people were killed and several others injured in Mumbai and

mmuters w
in Mum! Sunday, Jul

one of its suburbs after they were trapped under houses that collapsed due

to landslides following heavy rains that lashed the city and nearby areas

on Saturday night and on Sunday morning, officials said.

Mumbai: Following heavy rains
in Maharashtra, Mumbai's
Powai lake has started
overflowing, the Brihanmumbai
Municipal Corporation said on
Saturday.

As per the release by BMC,
"Powai Lake, one of the most
important artificial lakes in the
BMC area, has started flowing
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."

Mumbai rain: 25 people died in rain-related incidents as
incessant heavy downpour overnight during a major
thunderstorm pummeled Mumbai. The Western Railway an
Central Railway briefly suspended suburban train services i

Mumbai after the heavy rains, and many long distance train

people died as a compound wall came crashing down on some
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.

Tt =il fS=sar=a fSsaErsr
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NCUM Rainfall Forecast :09-Jun-2021

Day 1 Day 2
(09-Jun-2021 to 10-Jun-2021) (10-Jun-2021 to 11-Jun-2021)

(11-Jun-2021 to 12-Jun-2021)

Day 3

y

J

I

.‘«/

Min: 0 Max: 1563 Min: 0 Max: 2185

Avg: 61.8 Sum: 4261.4 Avg: 116.6 Sum: 80488

I .
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South Asia Flash Flood Guidance System Products

Flash Flood Case Study :Mumbai & Neighbourhoods on 09.06.2021
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South Asia Flash Flood Guidance System

) _ = 30000 watersheds
Flash Flood Threat for Mumbai on 9 June Flash Flood Threat for Odisha on 26 with 4x4 o
2021 — Rainfall received: 210 mm in 24 May 2021 — Rainfall received: 300 mm _
hours. in 24 hours. resolution.

=~ PFFT- 06hr “2021-06-09 06:00. uTC

- ’_ i X

Yellow - Low

= Flash Flood Threat
iIssued for next 6
hours.

= Flash Flood Risk is
iIssued up to next 36
hours.

e - — Trees u rooted roads ﬂ ' :
Roads waterlogged rail services hit as heaV)people ﬁvmg in darkness as cyclone [OYStEINEEIRITIENEEEINE

rain lashes Mumbai | See photos. videos Yaaf}"ﬁ}ft‘?rls O with effect from 23
@ PSRt Oe g s v T ) _ e . . " o published: 26th May o st Updated: 26th May 2021 11:25 PM + OCtO ber 2020.

By PTI

BALASORE: Trees and electric poles were uprooted, low-lying areas inundated while kutcha

“Taooon & 5 - N - - l N D I A M ET E(l ouses were badly damaged as Cyclone Yaas left a trail of destr on in Odisha’'s coastal
'::.*r@fi.z‘

districts of Balasore and Bhadrak on Wednesday.




City IBFW-Heavy rainfall-SOP in place over 30 major cites since July 2020
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» Four Stages of Forecast and Warning System
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Issue, Challenges and Suggestions
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Delhi NCR- Surface Rainfall stations(IMD) with DWRs

57
Meteorological Observatories of Delhi/NCR / %
~Y

- o
Legend { DEI.HI A"OIT l

Attomatis Weathor Statione i N Operational since April 22, 2010
L~ A " The effective range of this radar is 400km
Automatic Weather Stations (AGRO) f/ { Used for detecting severe weather, and in acrodrome
Part - Time Observatory (FMO) _ > l y warning and trend forecast of aviation
Synoptic Manual Obseratory 8itag : < rs /‘7 e o weather hazards
Part - Time Observatory . 4 , ! : .
[ INcr
[ ] pelni districts

Automatic Rain Gauge

LS g , | @ L0DHI ROAD |
2N - \ / Operational since

January 15, 2012

The effective range

) Farukh Nagar X - . b &
® L Used for detecting
CURUGRAM ' " thunderstorms and heavy
Gurgaon KVK. AFaridabad \ ﬂlmn ('N" Mh.‘mn

P 4 2

i g ~ @ ava naGar |

: L N i, Operational since January 14, 2022
The effective range is 100km
Will be used for impact- based forecast and
risk-based waming over major markets,
wards and streets about Strong winds,
associated thunderstorms and heavy rains
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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

MINISTRY OF EARTH SCIENCE:

INDIA METEOROLOGICAL DEPARTMENT
URBAN METEOROLOGICAL SERVICES FOR DELHI/NCR

maetss tmstes Cumulative in-situ Rainfall received

= = = B 7 from AWS (IITM. MCGM & IMD)
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Urban Meteorological Services

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

City forecast skill over Delhi

Augmentation:
Commissioning of 5X-
Band DWRs and
200AWS/ ARGs in major
cities for development of
Urban Meteorological
Services
Future Plan:

i More than 100 Smart Cities

URBAN METEOROLOGICAL SERVICES FOR DELHI/NCR 5 »\ ) Cu m u |ative n u m b er Of Clty
# ABOUT US OBSERVATIONS WEATHER/AIR QUALITY FORECAST WARNIN FO reC aSt Stati O n S
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UIMD 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

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

Model consistency during the events

U Changing Rainfall Pattern

LPrecise Mechanism of verification
UReceiving disaster data from state govt.
Qinteractive platform required for sharing the

feedbacks even from the general public (Crowd
Sourcing)
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Existing Rainfall monitoring system and need

DWR Chennai — 24-hr rainfall, 02-12-2015/
0830 hrs IST

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

01-12-2015 (03:30 GMT) to 02-12-2015 (03:00 GMT)> =
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Issues:Real time MONITORING OF WATER BODIES

Storage
as on
smme day )

=8 < No operational mechanism exists for
daily monitoring of all water bodies

«» Local, DISTRICT and catchment level
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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.
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Decision support system e

»Observation (Rainfall, water level)
»Drainage system data

»Digital elevation model

»Prediction

»Meteorological Models

»Hydrological and hydrodynamical Model
»Vulnerability model

»Terrain model

»Coastal inundation model

fat+w Denth (m)
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Fig.8 Flood inundation simulations (Northern part of Chennai , up to 20 km from the coast)
Fig. & Computed flood Fredrograpn of Scear Aiver
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Thank you
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