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MHEWS in India for Disaster Risk Reduction

National Policy
Pre- Disaster i
Disaster National DM Act
" Proparedness | National DM Plans
National Guidelines
Post- . .
" Mitigation: Disaster Institutional
P!e\rention& .
X i mechanism
eduction
Recovery

MHEWS plays a dominant role during, before and after the disasters in all phases of
preparedness, prevention and risk reduction

India is self reliant with respect to weather and climate services in terms of contribution to
economy, development of system and infrastructure, socio-economic applications and
disaster risk reduction

In terms of forecast accuracy and service delivery, it is at par with leading centres
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Decision Support System for cyclone forecasting:

Geospatial Application in decision making
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Seamless Weather and Climate Forecasting Strategy

IMD has a seamless forecasting strategy. IMD issues forecasts
and warnings on different time scales and for different spatial
scales:

Nowcasting- up to six hours for all types of severe weather at all
districts and 1206 stations

Short to medium range forecasts for rainfall over cities, blocks,
districts and meteorological subdivisions range (up to 10 days)

Extended range (up to 4 weeks) forecasts for All India,
homogenous regions and meteorological sub-divisions

«Seasonal Forecasts (one season in advance) for All India and
gomogenous regions and Monsoon Core Zone.
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Suite of operational NWP and Climate Models

Nowcasting
to Very Short
range

Short range

L 12 hours forecast

J l 3 days forecastJ

HRRR (High
Resolution Rapid
Refresh)

2 km
2 hourly update
3 domains over
India

Electric WRF for

Integrated Lightning

Forecast

WRF
3 km
12 hourly update

Weather Research
and Forecast
(WRF) 3km
6 hourly update

A

Viedium range B

[ 10 days forecast ]

Global Forecast System
(GFS) ~ 12 km
6 hourly update

, Global Ensemble Forecas )

NCUM regional
4 km
12 hourly update

NCUM regional
ensemble
4 km

S

Once in a day J

System (GEFS) ~ 12 km
21 members
12 hourly update

' NCUM Global
~12 km
12 hourly update

NCUM Ensemble |
{1 Prediction System (NEPS)
ﬂ ~ 33 km
12 hourly update

44 members

A

Extended
Range

32 days

Climate
Forecast System
(CFS) ~ 38 km
Weekly update
Coupled model
16 members
ensemble
16 yrs hindcast
(2003-2019)

NCUM Coupled

Model ~ 60 km

Weekly update
44 members

Seasonal

[

4to7
months

J

Climate
Forecast
System (CFS)

~ 38 km
Weekly
update

NCUM
Coupled
Model ~ 60 km

Weekly
update
44 members




New Strategy for Long Range Forecast
Based on MME of Dynamical models

15t All India averaged Season Spatial pattern of probability
Stage (June — September) forecast for the Season

Forecast Rainfall Rainfall over the country
April '

Update for the April forecast for the | Forecast for Season Rainfall: for
All India averaged Season Rainfall the Four Homogeneous Regions
eI and spatial pattern of probabilistic & Monsoon Convergence Zone
forecast over the country (MC2Z)

May

MW India

NE India
Central India

Bl s Peininsula =

Monthly
Forecast

Probabilistic F tf
End of May, June, July & August for r:,loant'hﬁ,';ai:;:ﬁa:ndor

subsequent one month Temperatures
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Probability Forecast of the 2024 SW Monsoon Seasonal (June- Sept)
Rainfall over India:

Terclie probability rainfall forecast for 2024 southwest monsoon season Norm a-l to above n Orm al rai nfal I :
T - Most part of the country.

Normal to below normal rainfall:

Many areas of northern part of Northwest India,
Northeast India and eastern part of the Central
India

The white shaded areas within the land areas
represent climatological probabilities.

White color over land area indicates Climatological probability b

I T T T T
65°E 70°E 75°E 80°E 85°E 90°E 95°E 100°E

Probability forecast of tercile categories* (below normal, normal, and above normal) for the seasonal rainfall over India during the
2024 southwest monsoon season (June - September). The figure illustrates the most likely categories as well as their probabilities.
The white shaded areas within the land area represent climatological probabilities. The probabilities were derived using the MME

ast prepared from a group of coupled climate models. (*Tercile categories have equal climatological probabilities, of 33.33%
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IMD’s Operational Extended Range Forecast (ERF) System

Extended Range Forecast
comt ok Fraeet 33 of Rainfall:

Bias Corrected
Total 16 ensemble members

{1 control + 3 perturbed) each Forecasts for 4 weeks
CFSv2_T126 (4 mem)
CF5v2_T382 (4 mem)

o st Mnditeanemaly | * Issued every Thursday valid

(Based on Wednesday ICs)

N Ocean ICs - INCOIS |_/ Friday to Thursday for next four WeekS
e B Week 1 (Days 03-09) « Reasonable skill upto 2

Week 2 : (Days 10-16)

Atmospheric ICs

13 years Hindcast run for 32 days .
(2003 to 2015) based on same date ICs Week 3 : {Days 17-23} Weeks
Total 16 ensemble members Week 4 : {Days 24-30}

(1 control + 3 perturbed) each
CFSv2_T126 (4 mem)
CFSv2_T382 (4 mem)

GFSv2bc_T126 (4 mem)
GFSv2bc_T382 (4 mem)
(Based on Corresponding Date ICs)

~ o= co-mcos > Verification of rainfall forecast for the week 01-08 Aug 2024

(Obs Anomaly: 00Z0O1Aug—00Z08Aug) (00Z=0530 hrs IST) (FCST week1 Anomaly: 00Z01Aug—00Z08Aug) (00Z=0530 hrs IST) (FCST week2 Anomaly: 00Z01Aug—00Z08Aug) (00Z=0530 hrs IST)
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IMD Observed Rainfall (mm) 1&6-07-2024 IMD_MME Rainfall {mm) Forecast (Day 1) W Y ACCUMUL
based on L5-07-2024 walid for 03 UTC of 16-0G7-2024 . . \ @ Based on IC 12 valid from 00 L

— <35 - 40T - T w2E 2270
E R T R —— T - 2513 mew F313R

0T . 1 . N .
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— Bas‘_,’h::::::'l I Mean IFS-TC-Tracker (CS: FENGe;I{'reclst vu;:l IMD:HWRF 1 Om Maximum Wind Speed(k{s)
T e e | N S e B based on 2023061300 Valid upto 2023061806 UTC
== MME-Mean (IC: 2024-11-26-00Z) / N—" i'-‘r.-‘;%‘o;”ige

¢ iy
\

=0« MME-Moan (IC: 2024-11-26-122)
o= MME-Mean (IC: 2024-11-27-007)
=0« MME-Mean (IC: 2024-11-27-122)
(=== MME-Mean (IC: 2024-11-28-002)
| =0 « MME-Mean (IC: 2024-11-28-122)
= MME-Mean (IC: 2024-11-29-002)
=0« MME-Mean (IC: 2024-11-29-122)
== MME-Mean (IC: 2024-11-30-002)
=0« MME-Mean (IC: 2024-11-30-12Z)
[ mm MME-Mean (IC: 2024-12-01-002)
=0+ MME-Moan (IC: 2024-12-01-122)
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* Date/Windspeed/Pressure are pointing at 24-Hourly Positions




]
Dynamic Meteogram Beta Vrsion (1.0) O Release Mote

l 35 7 v Al modets IMDGFS Jraa, MNCEP ECMWF MNOUMG MME
Pulti model metecgram

Location :35.68°M 74.30°E  Imitial Condition :31/12/2024 00T

Jith Dec 2024 DUTC v lat 2861 lon: 77.21 Co — s = s e
Forecast: ) 1-hr 1.5 cay ® 3-he § days ) 6-br 10 days T ————
Mockls Updale e #incode GPCode  Scarch .
mdgfs: 2024123100, 31-12-2024 103040 :
s 2024123400, 31-12-2024 110355 ||||||l““““h““| ”||||“““
ncep: 2024123100, 31-12-2024 11:04:3) e oW ow o owm oW o®m o owm owm owm m W

Wind Speed {m/s) amd Wind Direction

ecmwl: 2024123100, 31-12-2024 10:59:28
ncumg: 2024123100, 31-12-2024 110850

meneere. 2024123100, 34122024 12:10:56 e m ANV VAN NI IANSNSA AU v o\t S rrrra~ (707
iz b T [T 0L 02m1 ozm1 nainl oanL oanL naN1 ‘osinL
oz 2z 0oz 2z ooz 2z ooz Rz oz 122z ooz

Disclamer: The output result is for the area of 12 x 12 km

For location specific forecast click anywhere and visualize the forecast upto
next 1.5 days (1-hourly), next 5 days (3-hourly) & 10 days (6-hourly).
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*Relevant information from weather forecast is extracted and % eee-

gt fam W= Ministry of Earth Scienc

placed into situation context to produce impact estimations; Multi-Hazard

*With potential impact information, response scenarios are set- larning Map

Up 15/32(/‘;}621 o
*Geospatioal information plays a key role along with hazard, e
vulnerability, exposure and risk analysis
s ™ : ¢
Weather ! ! Impact 1 Response Tomotrow .
[ : ; o ooy Bw
1 R

—> — '

1
Weather analysis : Extraction of relevant | Placing into
& forecast data \\ information y situational context

@

)8

1 A
1 %QG
1 s s 2

1 Mitigation strategies

1 18/04/2021

_ , Weather-impacted user

1 1 :
Source: Baode Chen and Xu Tang (2014) Translating weather forecasts into
impact-relevant information
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Impact Based Forecasting based on Web-GIS Decision Support system
Climatology + Hazard Forecasts e Administrative Iayers (State,

district, city, ward boundary & etc.)
Climate/hazard information .. .
- Digital Elevation Model Data

. Land Use Land Cover

+ and Forecasts)
Exposure «  Climatology,

« Infrastructure layers (Rail, Road,
(number, location, etc.) (production, employment) .
Buildings & etc)
(location, capacity, etc.) .
livestock & etc)

T A vt oteri Y

Vulnerability School, college, hospital,  Airport,
bus stand, Telcom. towers, Major

Potential Impacts

industries, water resources,
i structures, shelters & etc.
People Potential impacts on _
Risk hotspots Gxhose agriculture, energy, Impact Matrices for Hazards
jeaith and Water (Rainfall, Cyclone, Wind, Storm
Surge, Heat/Cold Wave,

Thunderstorm, Lightning



Flood Forecasting activity is the joint responsibility of

» India Meteorological Department (IMD) & Central Water Commission(CWC)
IMD provides observed and forecast rainfall through Flood Meteorological
Offices(FMOs).
Quantitative Precipitation Forecast issued by IMD is used by CWC to forecast flood.
Joint advisories on Flood Status of the country is issued by IMD, CWC and NDRF
IMD Provides Flash Flood Guidance Services for India, Bangladesh, Bhutan, Nepal and

Sri Lanka

INDIA
METEOROLOGICAL COORDINATION CENTRAL WATER
COMMISSION

DEPARTMENT

FLOOD QUANTITATIVE CENTARL FLOOD FLOOD

N OFFICE (FM0)  FORECAST DIVISION (CreD) SO Flood Meteorological Activities : 15 centres
Total No of sub basin: 156
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Skill Score (in %)

g

1
=]

Probability of Detection (PoD) of heavy rainfall warning issued at
Meteorological Subdivision Level.
—Day 1
—Day 2
—[Day 3
—Day 4
—[ay 5

8 8
=4 8

PoD for Day 5 in 2024 (58%) is better than PoD for Day 1 in 2016(52%)
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Monitoring and Prediction technlques for Cyclone wind

Monltorlng Products

Observations

ssSurface observations (ships,

buoys, GTS data, AWS, HWSR)

s Satellite observations
(Scatterometer, Microwave,
CIMSS, Geostationary satellites,

Multi sat winds)

T
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*DWR (when system is within the ETEI

radar range)
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Model Guidance

.fTNEPS

k%G\ FS

Unlike other
basins IMD gives
R28 forecast =

Users S i : . = = = = - -
% Mariners s ki L S
< Modeling Group . - - = : Zax. 1
% Storm surge . ¥A . "", | S -
forecast N;;_I;;patraand Sharma 2016 JESS(1997 2013) | ‘ M;-I::;patr;‘a"r;;i sﬁﬁé,éme,]éés (;997-2613) |
% Insurance Cos. M SW (knot)kmph) Impact Action

< DM agencies e
S0-E3/92-11T7)

Very rough seas.

Very High seas

Total suspension of fishing operations

Total suspension of ishing operations

S5, -
%’9: =64 (=118}
=

Phenomenal

Total suspension of fishing operations

......

16/12,70KT,

15/12,50KT,SCS K

15/12, 55KT, SCS

14/18, 35KT, €S
14/12, 30KT, DD

14/03,25K5D

19/06, ZOKT D

;£(12(00, 20KT, *
18/15  30KT, DD
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http://www.nrlmry.navy.mil/tc-bin/tc_display.cgi?STATUS=inactive&ACTION=Latest_Photos&ACTIVES=None&MOSAIC_SCALE=20&PHOT=yes&ATCF_BASIN=io&BASIN=IO&STORM_NAME=04B.GIRI&CGI=SATPRODUCTS&AGE=Prev&ARCHIVE=all&SIZE=thumb&NAV=tc&YR=10&ATCF_YR=2010&YEAR=2010&ATCF_FILE=/SATPRODUCTS/kauai_data/www/atcf_web/public_html/image_archives/2010/io042010.10102406.gif&CURRENT_ATCF_FILE=/SATPRODUCTS/kauai_data/www/atcf_web/public_html/image_archives/2010/io042010.10102406.gif&MO=OCT&CURRENT=20101021.1959.aqua-1.wind.x.04BGIRI.70kts-970mb-182N-924E.37pc.jpg&CURRENT_ATCF=io042010.10102406.gif&ATCF_NAME=io042010&ATCF_DIR=/SATPRODUCTS/kauai_data/www/atcf_web/public_html/image_archives/2010&STYLE=frames&USE_THIS_DIR=/SATPRODUCTS/TC/tc10/IO/04B.GIRI/CloudSat&DIR=/SATPRODUCTS/TC/tc10/IO/04B.GIRI/amsre/wind&TYPE=amsre&PROD=wind&SUB_PROD=2degreeticks

IMPACT PREDICTION CYCLONE RAINFALL

WSynoptic Techniques

QSatellite guidance(QPE, Sat
gauge merged data)

ORadar guidance
(Reflectivity, Rain Rate,
QPE)

QThermodynamic features
(CAPE, CINE, Temperature
gradient )

ODynamic features
(Divergence, convergence,
shear, shear tendency,

fTOT RAINFAL (NT KTAEQ1A

vorticity)
OModel Guidance

NO Warning (No
Action)

(Deterministic, Cyclone
eCIfIC Prababilisti

Watch (Be updated)

Alert | repared

=~ <]

i{7=3da lllliﬁ-'-l.c.‘ =Y Bl




Impact Pred|ct|on Cyclone Storm Surge

m surge Predlctlon INCOIS :
mcﬂ?” : g O1S) 0. ,
| \ ’.9 ‘,/ ‘~-4,
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Dynamic impact based forecasting (IBF) of Cyclone Hazards, vulnerability and risk

— . Rajasthan 14,06,20kTD |
19/05,2QKT,D’ N = o3

AT kA

16/18,80KT,VSCS

)
16/06,70KTVsCs " |

~~§14/12, 30K¥, DD:

1703, 257, /14/03, 25KT, L

based Warning; Cyclone Tauktae- May 2021 an example

Hazard, vulnerability and risk Analysis (Meteorological
data over vulnerability and exposure data)

o

Damage Expected (Historical data)

> Total destruction of thatched houses/ Extensive
damage to kutcha houses/some damage to pucca
houses.

»Threat from flying objects.
power/ communication poles.

» Major damage to roads. Escape routes flooding.

» Minor disruption of railways/overhead
lines/signaling systems.

» Widespread damage to salt pans/standing crops, bushy
trees.

» Detachment of small boats, crafts.

Bending/uprooting of

power

y [ Tensu

] DistictBoundary [ TehsiBoundary [ Vilage Boundasy

Exposure Exposure
Type (INR Cr)
Agriculture 15,766.08
Building 5,48,125.92
Essential  26,647.94
Facilities
Transport 3,76,787.99
Utilities 1,37,099.35

Wind Loss
(INR Cr)

276,3.63
854.70
16.07

15.77
86.68

gZmame

ran025 ) [WlLow 025t0050m) [Modente 0500 10m)
Wlvery sign 20to30m)  [lExtreme (Greater than 30 m)
GUJARAT STATE
Flood Loss Surge Loss
(INR Cr) (INR Cr)
1.20 0.00
19.42 110.71
2.51 9.87
1,127.47 40.83
2.56 563.93

Wl codente 00 150m)

Combined Loss
(INR Cr)

2,763.63
862.06
19.03

1,128.32
570.59



Weather services for marine community

Track Forecast on 12t f ne (4

Maritime Forecasting services provided:
(wind speed and direction, Weather, Significant

wave height, Visibility, Swells Cyclonic
disturbance / depressions and Storm surge
guidance):- | Il T
|. GMDSS Bu"etlns Winds over

coastal water =

ii. Sea area bulletins (Outside 75km)

iii. Coastal weather Bulletins (within 75 km)

iv. Port warnings (120 Ports)

v. Bulletins for the Indian Navy

vi. Fishermen Warnings (Entire North Indian

Ocea n) 26 Dayl 11.06.2023/11: SOAI\] tc12/06 2023/05:30AM

vii. Warnings for Onshore and Offshore :.;:?,rgenwarfmggmg -
installations. " P d"&ﬁ%?{
| \:M -
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Improvement in track & intensity forecast accuracy by 20-25% and landfall forecast

accuracy by 40-70% during 2020-2024 compared to 2015-19

350

300

250

200 -

150 -

100 -

Average Track Forecast Error (km)

50

(a) Average Track Forecast Error (km)

322

= 2015-2019 = 2020-2024

12 24 36 48 60 72 84 96 108 120

Lead Period (hrs)

120

Average Landfall Point Error
(km)
(=1]
o

20
0 -

(b) Average Intensity Forecast Error based on AE (kts)
)
£ 20 - 2201519  =2020-24 .
s 18 16.7 17.2 16.6 16.4
l,"': 16 14z 15.4 5.7 5
2 14 - 122 13.0 28
§ 12 '
=]
L 10 - 8.9 2.5
Z 8 7.4 8.3 d
€ 6 54 5.8
£ 4 3.4
8 2
g 0
E

12 24 36 48 60 72 84 96 108 120
Lead Period (hrs)

Reduction in death toll to double digit,

(c) mparative Average Landfall Point Error (km)

109.3

= 2015-19 = 2020-24
89.6
69.4 69.5
44.7 49.2
41.7 39.3
25.4 29.4
us 16.2
12 24 36 48 60 72

Lead Period (hrs)

3

%.._;,’.s‘i
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120
100

SCS Laila

VSCS Thane

Death toll due to landfalling TCs over Indian region (2010-2024)
2021

GUJ*MAH+GOA+
2&"’; KER+KTK
T 2018 9% I
o AP 2019 2024
m 78 oDSs WEB+NE+TL
2014 2018 64 ORNZ024
AP ™ "12,159 2021 "o
gx 49 2024
gu;g s 45 M AP+TLN+ ™
2018
b 2:1P3 ™ AP 20202020 | 5021 M&“ 2022 [5053 2024
i A : MAH TN DS+WB AP; GUJ oDs
4 4 0 0
E £ 8 :8§E S EFZEEEEES s 2 g 2z d
s = 2 = B S & 8 3 'E. = = x < = .g = 7] < [U]
Z £ I T 5 o i= g 2 3 > © S 2|93
T 2 > o @ @ O £ 35 4 8 E g |z e
8 o 9 I o 9 2 0O o g =2 5 F @ o &\@ 818 x
B = 2 9 o @ a » (3] Q (7] Q Q
g 3 3 § > 3 w g 3 3 g 8 g o g 3 8
w 2 a & » @

AP: Andhra Pradesh, GUJ: Gujarat, TN: Tamilnadu, TLN: Telangana, ODS: Odisha, WB: West Bengal, MAH:
Maharashtra, TCs not shown: Bandu, Phet & Jal (2010), Lehar & Madi (2013), Ockhi (2017), Burevi (2020), Asani

(2022) due to weakening prior to landfall



AVG HW days : Mar - Jun

Heat Wave Warning Skills 2024 vs (2019-2023) !

PoD (2024 vs 2019-23)

W 2019-23
= 2024 2015 2016 2017 2018 2019 2020 2021 2022

m % improvement wm=Year

(Source: NDMA)
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Districtwise Nowcast Warning 'GIS based Thunderstorm Decision Support System

‘ o INTERACTIVE TEM FOR NOWCAST SERVICES

JEPARTMENT NEW DELHI

Nowcast Of TH SCIENCES
22 June 2024, 1245 IST cmsoincnrosslf cones | o :

No Warning -

Watch

No Weather ¥ POD B FAR mCsl B ETS

Light TS WS<40kmph 100

Low CG Probability (<30%) 0.90 ] 0.89 ‘ 0.88
Moderate TS WS 41-61 Kmph

Moderate TS CG 0.80

Probability(30-60%)

Severe TS WS 82-87 Kmph 0.70

Very Severe TS WS >87 Kmph

TS with Hail 0.60

High CG Probability > 60%
24-Hourly TS Nowcast verification scores
from March-June 2016-24

0.50

0.40

THITECTE T

INDIA METE 2016 2017 2018 2019 2020 2021 2022 2023 2024



FUTURE PLAN

» Significant improvement in Cyclone MHEWS and DRR in recent years leading
to drastic reduction in loss of lives

» Scope for weather hazard monitoring and forecasting to meet Early Warning
for All based on following:

Improved Value Chain (Observation—Modeling— Forecasting — Severe
weather warning—Sectoral Applications) including R&D.

Dual engine concept : AI/ML application in conjunction with Numerical
Weather Prediction (NWP) modeling

» Improvement in forecast accuracy by 10-15% by 2030 Cloud (Bl Dt

» Mission Mausam (2024-2026) Data
« Forecasting of severe weather Hazards at (5x5km) by 2038 NWP model taligen

Intelligence

« Dynamic Impact based forecasting & risk based warning for all
severe weather

. bast mile connectivity to meet early warning for all (Early

Awarning to each housenhold 2030
) I i fS=rr=v fS=arsr
= INDIA METEOROLOGICAL DEPARTMENT

Dual Engine

Forecast Services




THANK YOU

S

INDIA METEOROLOGICAL DEPARTMENT Yeus St e Naton




