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Problem Identification for Formulation of Project
ALack of Multi-Hazard Early Warning Decision Support System for forecasters and users anywhere at any time
FORECAST GAP
AFragmented System (poor/ slow data communication and Less responsive system)
A Observation issues (No real time validation or error correction in meteorological observation)

ARadar and satellite underutilisation (No integration of large and upgraded datasets from satellites and radar
though there is manifold increase in datasets with multiple satellites and more than 40 Radars)

AError prone manual processes (Manual preparation of weather charts, analysis & products and Manual
forecast and warnings generation & dissemination) leading to more time consumption, and less lead time
for response and lack of confidence in forecast.

ACustomisation Lack (No location specific customised foreast and warning)

A Automation deficit (Limited automation in preparation of Poor visualization and poor resolution of products
through website as it could not be projected through native resolution in GIS).

AScalability (Not scalable, Limited flexibility for India-specific needs) & No multi-hazard inter-operability
ATechnology dependency (Vendor locking and reliance on foreign systems and hence poor maintenance)

AGap in Numerical weather prediction model  integration ( though IMD runs 6 models daily twice and
accesses 3-4 foreign models for weather forecasting.

AAccessibility (available to 12 out of 200 Forecasting Offices. Not web based)
APoor forecast accuracy , no dynamic impact based forecast, risk based warning & public weather service



Wind observation at 1.5 km

To Develop Indigenous Multi-Hazard Early Warning

Streamline analysis of Wind

Decision Support System (DSS) aimed to ACTIONS:
A Address all the problem areas listed in previous slide.

A Compare, Comprehend and Analyze all atmospheric
and Oceanic Observations in Real Time through round
the clock watch

A Track and decide Current Status Of weather System

and their Genesis, Evolution, structure and other
Characteristics
A Integrate  and evaluate all numerical Weather

prediction models (7 in number) guidance

A Operate collaboratively to develop consensus
forecast on each and every weather conditions including
severe weather

A Notify likelihood of occurrence
weather conditions expected

and severity of

Mean Sea leval pressure analysis
based on Numerical Weather
Prediction Model Guidance

with satellite based A

observation at 1.5 km height

" Multi -hazard impact based forecast
and risk based warning graphics
valid for next 24 hrs at district level

i Sivs.

A Summarise & issue Impact Based Forecast & risk TN 500 A
based warning of Severe Weather at district and location wvent
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MICS-Meteorological Information Communication System )

DIPS (Data Information Processing System)

CLIMS-
Climatological
Information and
Management

System

L 4
SIVS-Synthesized

ol Integrated

Visualization
System

@<

Methodo|ogy Adopted PWIS (Public Weather Information System)

Problem identified

Feedback mechanism \DIA MH

RE-ENGINEERED PROCESS LED TO
REDUCTION IN DATA PROCESSING SYSTEM

DATA DATA 9 ANALYSIS
COLLECTION a VISUALIZATION

WARNING WARNING ¢ DECISION
DISSEMINATION S PREPARATION MAKING
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Display all

| meteorological data |

Model outputs
visualization

' Display satellite |

radar imagery

Real time data from various Observational Networks

Satellite Balloon & Drone ELET

Data Acquisition & Processing %

s ® #

Aviation Weather

NWP Modeling
(HPC server)

EE3
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. Web services Database  FlatFiles Geo-Spatial Layers
| Plot and analyze
observation and
| model data
© Product/ Bulletins - _
Generation “
Qc systemfor GEOSPATIAL OGC compatible Services
Forecaster i
Decision Support System (DSS)
Sectoral
Applications
DSS Tools /Modules

Ships/ Research Vessels

e Back-End
Geospatial

5 Database

PostgreSQL
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CAP

[APIs

Push
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Social
Media

Website

ﬁ RSS feed

notification

a Email

Automating the entire process in python

» Manipulation and Integration of geospatial
layers

» Converting to formatted CSV, geojson

* Maintaining the database

Library — Pandas, PSYCOPG2, Geopandas,

GDAL, datetime etc.

Mapping APIs

GeoServer

Openlayers

Front-End

Leaflet, PHP
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A Separate modules are interoperable in a single platform also e nable seamless data
exchange across ministries, agencies, and sectors

A Integrates diverse datasets, models, and platforms through open standards

Interoperable

A Scalable in time, space, new data format and technology

SCalable A Supports future expansion to additional hazards, sectors, and spatial resolutions without
redesign

: A It can be replicated for any and sector country in the World
RepllCable A Standardized procedures, protocols and interoperability

A Real time forecast, impact based warning, reduced forecast preparation time by 50% ,
enhanced accuracy by 30%

Efficient

: A Dynamic and user driven
ReSpOnS|Ve A Multi -channel dissemination(SMS, API, Mobile  apps,website )

A Traceable data pipelines, standardized methodologies,open protocol and open source
technologies.

A Auditability and accountability

Transparent

. .A Long term operational framework with institutional support and capacity building
Sustainable A Training, upgrades and knowledge sharing




PROCESS RE-ENGINEERING ACCOMPLISHED

Over 90% of data collection, quality control, and real  -time integration has been automated for
seamless ingestion from multiple sources to improve detection accuracy of weather systems and
their impact.

Numerical weather modeling input  in decision making has improved by over 95%, enabling
more accurate risk assessment for various hazards.

Forecast and warning generation has been fully ( 100%) re-engineered to deliver real-time
alerts for timely action. It led to

U Increase in lead period from 5to 7 days,
U reduction in time to prepare the forecast by about 3 hrs and
U Increase in accuracy by about 15-20%

Dynamic GIS mapping, Decision Support System (DSS), and automated severe weather alerts
have been implemented for the forecasters, common public, disaster managers and other
stakeholders.

Forecasting is now more accurate, efficient, and responsive to sector-specific needs across India.
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DSS-IBF Modules http://imdgeospatial.imd.gov.in/

IMD has now introduced Web GIS based
applications for all types of severe
weather events like.

x Max/Min Temp, Hot day, Warm night

x Heat Wave Cold Wave, Heat Index

x Rainfall, 24hrs/3Hrs

| x Heavy rainfall warning

| x Cyclone Warning

*| x Marine weather Services

x Urban weather services

x Nowcast Services

x Agrometeorological Services

x Aviation weather serviceas

x Transport Services (RAIL/Highways)

x Mountain met and tourism

x Power sector Services

APPLICATIONS

Sea area Bulletin
—" : graphics

from 24 HR
different stations during 0830 IST of 22-08-2022 to0830 IST of 23-08-2022

ph
M90-119knots/168-221kmph
W120knots and 22k




Multi -hazard interoperability : An example of Cyclone

warning and Marine weather forecasting Services:

A South Asia Flash Flood Heavy Rainfall warning at met. QPE/QPF for flood warning
Guidance (SA-FFG) Subdivision level

INTERACTIVE MAI HEAVY RAINFALL
INDIA METEOROL RTMENT, NEW DELHI

A Severe Weather Forecast™
Programme(SWFP)

A Quantitative Precipitation
Estimate and Forecast
(QPE & QPF)

A Storm Surge warning

Storm Surge Warning Heavy Rainfall warning at district level
A Heavy Rainfall warning ‘ R

A Fisherman warning




Color Coded Warning For Cyclone Dana Based On 0830 IST of

23/10/2024 for 24/10/2024

VWARNING
BASED ON WIND

WARNING BASED
ON RAINFALL

»)

<20kt 20-33 kt 20-33 kt >34 kt
+ +any +

Sq.wx system cyclone

or >34

» v [l
+ o [
o o

NHR HR VH

o [ o
oo 31 - [

30-60% 6 10

00-30%- 5 9 -

e

NO HEAVY RAINFALL

EH

NHR:

HR: HEAVY RAINFALL
VH: VERY HEAVY RAINALL
EH: EXTREMELY HEAVY RAINFALL

ARNING bASED
ON STORM
RG

005 |

0.5-1
1-2
GREATER THAN 2

COMPOSITE INDEX
BASED WARNING

Flood Depth
Odisha

Odisha

D State Boundary [] District Boundary (] Village Boundary

|:| Wind Speed (Less than 31 Km/h) . Wind Speed (31 - 49 Kavh) . Wind Speed (49 - 61 Kavh)
. Wind Speed (61 - 88 Kavh) D Wind Speed (88 - 117 Kavh) Wind Speed (117- 166 Kavh)

Wind

. Wind Speed (166 - 221 Kavh) . Wind Speed (Greater than 221 Kavh)

D Very Low (Less than0.25 m) l Low (025 t0 0.50 m)

|:| High(1.0t020m)

|:| Moderate (030 to 1.0 m)

l Very High (2.0t0 3.0 m) l Extreme (Greater than 3.0 m)

1
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Multi -hazard interoperability : An example
(IBF) and Risk Based Warning

IBF of Heavy Rainfall Flow

RainfaIIScenarios All Current Forecasts
NWP Models-DMO

_____ Observations D1D2,03,04,05
Point Cum. D1+D2, Surface & Upper-Air -~ D1+D2, D1+D2+D3, ..,
ditrbution  pypgDs,..  SateliteQPE  horooi

Final Forecasts
Actual, Normal & Departure D1#D2¢D3+D4+D5  Radar-QPE D1,02,03,04,05

BFMODULE " Hazard information (Past + Current)

Suitable combination of D1, D1+D2,
Geo-physical  Socio-economic  Vulnerability 1402403, 01402403404, D1+D24DD44D5

Analysis

Climatology of extremes

for Hea

of Impact Based Forecast
rainfall

* Flash flood/Water logging in low lying areas;

+ Inundation of agriculture field;

* Possibility of some damage to informal/Kutcha road, wall collapsed
of vulnerable kutcha houses;

+ It may lead to significant rise in water level of rivers;

» Water logging in underpass road and occasional reduction of
visibility causing traffic congestion in urban areas during intense
spells of rain;

+  Municipal services like electricity, water supply etc. will be affected
to large extent;

* Supply and transportation will be affected at a few to many places

\ Total Population Affected ;155,000

for several days.

Total No of Airport Affected :0
PRODUCTION MODULE

Sector Specific Products Customized Bulletins Railway Station affected: 4

Standardize SOP

Railway Network affected ;East Coast Railway , South Eastern Railway

*  Keep arrangement for drainage of excess water from inundated agriculture

Dissemination/Communication Module Hosials fected 4

fields;

~ Total No of SEZ affected: 1

*  Avoid movement in urban areas specially during intense spells of rain;

Capacity Building of Stakeholders & Feedback Module Total No of Power Station affected:1

Postpone fertilizer/chemicals application in agriculture field,

Total No of Power Plants affected:1

Verification & Documentation/Archival of data/records

*  Keep livestock in safe place;

Major Towns affected:d

*  Avoid movement in affected areas and move to safe place
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Multi -hazard interoperability : An example of  Heat Indices Prepared

Persistence of
warm night and
severe warm night

Persistence of
heatwave and
severe heat wave

Warm Night D ®
and Severe
Warm Night

Heatwave and
Severe
Heatwave

ALAS

2 iﬂ"%

Historical Condition W
« Historical Condition Today's etz
No WN or SWN in WN or
Index
the past 2 days SWN

No HW SHW in th HW
e or nEhe or Yesterday is WN or WN or 2

Hot & Humid 2 Appreciable Above 2 \ past 2 days SHW wn Wi
Weath Normal(dep 25_44) Yesterday is HW or SHW HW or 2 Continuous WN for BTV
eatner T - SHAVU = 2-3 days or SWN

Heatwave Warm nght 3 S Continuous HW for 2-3 HW or X continuous SWN for

days or continuous SHW [i3;1"") [ i 2 days

Severe Warm Night 4 ] for 2 days : Continuous WN for RV
Continuous HW for 4-5 4-5 days or SWN

days or continuous SHW continuous SWN for
for 3+ days 3+ days

Relative Heat index
Humidity

Severe Heatwave 4

Tmin Percentile

Tmax Percentile

: 5 “ A A : s ] "
valgsr ; ‘ ‘ T S ‘ AN ; ; ‘
SIS | ' N0 (A i G -'\’»‘i T, i "
By Sl pael Qe
v as 7 = LESS THAN 90™ ore (N T,
: LESS THAN 90 o T e g
PERCENTILE PERCENTILE X i “v C4g ' THAN 40
GREATER THAN 90™ GREATER THAN 90™ 2 y 023 1-33RD 2 r 40-50 5
PERCENTILE PERCENTILE PERCENTILE

51-60 e -

GREATER 4
THAN 60

GREATER THAN 95™ 3 HE . ,
PERCENTILE T NG

11 GREATER THAN 98™ 4 L L AN T IVIEIN |
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Multi -hazard interoperabillity : An example of

ulation Affegted :15.43 lakh

Total NO of Airport Affected :1

Railway Station affected: 10

Heat wave Watch

District: Jodhpur

Watch &

Railway affected :North Western

Railway

Total No of SEZ affected: 1

Total No of Power Station affected:6

Hospitals affected: 35

Total No of Power Plants affected:4

\,

)r Towns affected:9

Composite Index Based Heat Wave

Warning District:Jodhpur : ORANGE Warning (Be prepared)

IMPACTS

Aduman Health: Increases risk of heatstroke,
dehydration, and cardiovascular issues; vulnerable
populations suffer most.
Adgriculture : Reduces crop yields, causes drought
stress, disrupts planting/harvesting cycles.
Alivestock : Causes heat stress, reduced productivity,
higher mortality.
Arransport : Damages roads/railways, causes delays
and accidents, affects worker safety.
AEconomy : Disrupts labor productivity, increases
health and infrastructure costs.
Anvater Resources : Increases evaporation, reduces
freshwater availability, worsens droughts.

ACTION

PoD (2024 vs 2019-23)

9695

~
LY

Maximum Temperature
Departures with heat
wave conditions

overlaid with Indian
Railwav Netwaork

Maximum Temperature 10

Departures with heat
wave conditions

overlaid with Indian
Ranad Nehanrk

88
81 77
68
61 60
54
46 46
39
26
9

DAY2

-10 DAY1 DAY3 DAY 4 DAYS

¥2019-23
w2024

® % improvement

Aduman Health : Improve heat warning systems, expand access to
cooling centers, promote hydration and public awareness.

Aenergy : Boost energy efficiency, diversify energy mix, upgrade grids
for heat resilience.

A ivestock : Provide shade, ventilation, ample water; modify feeding
limes.

Arransport : Upgrade infrastructure for heat resilience, adjust work
nours, enhance maintenance.

A=conomy : Invest in heat-resilient jobs and technology, support heat-

O} alI
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mpacted sectors.
Awvater Resources : Improve water conservation, build reservoirs,
enhance drought planning.



Hydromet Services of IMD for Flood Forecasting

Riverine Flood Forecasting

(Quantitative Precipitation

INDIA CENTRAL
METEOROLOGICAL P _oo0iiation RaTER

DEPARTMENT COMMISSION

CENTARL
FLOOD O FLOOD
METEOROLOGICAL  PRECIPITATIC FORECASTING
OFFICE (FMO) ORECAS DIVISION
(CFFD)

rainfall forecast for
sub basins valid upto 7 days

FLOOD METEOROLOGICAL OFFICES

A 15 Flood Met. Offices provide
160 river

‘ South Asia Flash Flood Guidance
System ( SAsiaFFGS)

Product: GFS FFR | Timescale: 24-hr | Region: "INDIA"
Product Date: 2024-06-19 00:00 UTC | Valid Date: 2024-06-20 00:00 UTC

Risk Based Alerts

11111

~.
X

A Guidance for Bangladesh, Bhutan,
India, Nepal, Sri Lanka.

A High resolution (4X4 km) and 30000
watersheds over Indian region .

A Capable of issuing flash flood Threat
and risk for next 6 and 24 hours

rochoctiveals

,_ ‘hvegntedﬂoo‘i‘-ld "

City Specific Flood Forecast
=lood Warning

‘dus fo ascamutated rainfall forsoacted from

" November 27,
¥ i - MNovember 26, 2020 06:30 hre fo November 27, 2020 06:30 hre

1 FLOWS-MUMBA|

AT A0 WA (T 10 Qresier Chanmal Corporation {0CC)

®

i

Thiruvallur District

g
of filly”
W
-
: R 200 ‘

A Implemented at

A Ward-wise probable

ﬁ oy B \\:J:‘.‘
| Precipitation Source - NCMRWF, WD
Water Depth
(§{=1=19]
No flood
3-4
aq-s
5-6

E— -

Mumbai,
Chennai and Kolkata
water
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THUNDERSTORM SERVICES

*g' INTERACTIVE SYSTEM FOR NOWCAST SERVICES | ©

[ Climatological Indices ™ Exposure

4 Metar | [}° Synop

0§ Model Output

£ Satellite

0§ Mimic

L10PView | IOPEdit | L GeneratelOP | L GenerateBulletin | J GeneratePDF | W DataFilter | [+ |

& Lightning | »Rad
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MULTI HAZARD WARNING FOR NATIONAL HIGHWAY

No warning

Heat wave Watch
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ROUTE FORECAST FOR NATIONAL HIGHWAYS
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MULTI HAZARD WARNING FOR INDIAN RAILWAYS AND RAILWAY
STATIONS

T
Da; N eU00; A ! ;:\‘\
RTMENT



