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Organization

Brief to go about Impact Based Forecasting in

stages

Activities in IMD for the IBF of Severe Weather

Events and associated hazards

 Heavy Rainfall episodes

- Common strategy with various Approaches for

the IBF of Heavy Rainfall

 Cyclones

 Dynamic IBF for coastal districts of India

Way Ahead
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Impact-Based Forecasting

A fundamental change in focus

From  

What the weather will BE 

To

What the weather will DO

Admirable Beginning of IBF for 

Heavy Rainfall 

during monsoon 2021

New Arena of Dynamical IBF is 

now open for Huge 

Challenges/Scopes
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Modelling in IBF and RBW 
Economic concept of a value chain to explore the extended warning production chain

Peaks of expertise, valleys of death and bridges of communication between

them, in a conceptual value chain for a weather-related hazard warning. Each

peak adds value to the process, but value is lost in each valley and the value of

warning lead time is lost at every stage of the process.

 Modern NWP systems are combining both weather and hazard forecasts

together with a increase of computing resources and advanced hybrid

(dynamical, statistical or computational) technologies.

 Sometimes single system is capable of forecasting multi-hazards over a

region with available rich datasets

Integrated NWP Modeling System
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 Directly from NWP models

 Rainfall – heavy rain episodes/long spell of moderate rain/cloud bursts

 Wind – strong wind with gust/Gale, Gust front, CAT for aviation

 Program module or application tool to post-process NWP 

model outputs

 Lightning – hazard for general public, power and aviation sector

 Hail – hazard for life, property, transport and agriculture

 Fog – hazard for power, transport and aviation hazard, power

 Icing – aviation hazard

Hazard Models integrated to NWP models

 Hydrological Model - Flood hazard

 Air-quality model - Pollution hazard

 Dispersion and trajectory model - Explosion hazard

 Wave model – Extreme Sea state condition

 Storm surge model

Modeling of hydro-meteorological hazards
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 Stage-I (Threshold Method) 

Elements are (a) Meteorological threshold, (b) Likelihood of occurrence and (c)

Expected impact

 Stage-II (Qualitative combination method)

Elements are (a) Stage I and (b) Generalized impact based forecast based on 

ongoing practices.

 Stage-III (Impact Model method)

Elements are (a) Stage I and Stage II, (b) Climatological data of past impact 

based on different thresholds and (c) Climatological impact expected

 Stage-IV (Climate Sensitivity Method)

Real time dynamical impact based forecast and risk based warning using (a) 

Stage I, II & III, (b) Real time information on - Meteorological Hazard, Geophysical 

hazard, Geo reference Coordinate and Socio economic indicators in digital form 

and (c) Decision Support System

IBF System through Four Stages in IMD 
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IBF of Heavy Rainfall in IMD

 Before 2020

Change in forecast paradigm by the head (DGM) of NMHS (IMD)- from Weather 

Forecasting to Impact Based Forecasting 

 Formation of functional group on IBF of Heavy Rainfall: Operational all India 

implementation 

 During Monsoon-2020

Within stringent data limitations, the experimental IBF started for 25 major cities 

and a few districts. (COVID-19 time) 

 First SOP (with 4 stages) for real-time IBF

 During 2021 (Partially Dynamic IBF without expert systems or DSS)

 All districts (or clusters) throughout India are covered and continued improvement 

of ongoing real-time IBF - modification of bulletin format and SOP

Data collection drive (climatology, geophysical, exposure, vulnerability 

maps and etc. ) 

 During 2022 - Journey towards Dynamic IBF and automation 

 GIS Integration of the data 

 Mapping/Layering/merging for easy decision making algorithms 

Decision Support System (DSS) development
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IBF of Heavy Rainfall Flow

Dissemination/Communication Module

Archival & Verification Module
Documentation/Archival of data/records 

Scenarios & Extremes
Obs. cumulative 3 & 24 hrs/SAFFGS maps

Analysis Point 
distribution

Cum. D1+D2, 
D1+D2+D3, … 

D1+D2+D3+D4+D5Actual, Normal & 
Departure

All Current 
Observations

Surface & Upper-Air 

Satellite-QPE

Radar-QPE

Forecasts
NWP Models-DMO

D1,D2,D3,D4,D5
D1+D2, D1+D2+D3, …, 

D1+D2+D3+D4+D5
Final Forecasts

D1,D2,D3,D4,D5

IBF Module

Geo-physical Socio-economic  Vulnerability 

Hazard information (Past + Current)
Suitable combination of D1, D1+D2, 

D1+D2+D3, D1+D2+D3+D4, D1+D2+DD4+D5

Climatology of extremes

Production Module

Standardize SOP
Sector Specific Products Customized Bulletins

Capacity Building & Feedback Module

Data Module
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IBF Module
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Data required

 Administrative layers (State, district, city, ward 

boundary etc)

 Digital Elevation Model Data

 Land Use Land Cover Data

 Rainfall Data (Station and interpolated)

 Infrastructure layers (Rail, Road, Buildings, etc)

 Demographic Data (Population, etc)

Major Point of Interest Data (POI)

- School, college, hospital,  Airport, bus stand, 

communication towers, Major industries, water resources 

structures, shelters, etc.
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Various Exposures: Presented in GIS layers
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Open Source Dataset

- PAN India



Web-GIS based portal for Impact base forecasting: A prototype
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 Developed by: Ministry of Earth Sciences

(MoES), in coordination with the Municipal

Corporation of Greater Mumbai (MCGM).

 Working: Comprises of 7 modules

•Data assimilation
•Flood & inundation
•Vulnerability
•Risk
•Dissemination
•Decision Support System (DSS)

 Weather forecasts from NCMRWF
& IMD and field data from the rain gauge

network stations.

 GIS based DSS 
•Land topography, land use, 

infrastructure, population, lakes, 

creeks 

•River bathymetry of all rivers 

(Mithi, Dahisar, Oshiwara, Poisar & 

Ulhas.

 The system has provisions to 

capture the city drainage data and 

predict the areas of flooding.

Benefits: This will boost the city’s
resilience by providing early warning for
flooding specially during high rainfall
events and cyclones.

Integrated FLood Warning System (IFLOWS)-MUMBAI
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Integrated FLood Warning System (IFLOWS)-MUMBAI
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Integrated FLood Warning System (IFLOWS)-CHENNAI
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Description of Flash Flood Guidance System Products

16

Flash Flood Guidance Model runs every six hours and product updates available at 

00,06,12 and 18 UTC.

*CMORPH is based on microwave scattering from hydrometeors  

Diagnostic Products

FFG – Flash Flood

Guidance Value (Every

Hourly)

IFFT - Imminent Flash

Flood Threat (Every

Hourly)

PFFT - Persistence Flash

Flood Threat (Every

Hourly)

*Validity is for next 6

hours

FFG Products

Forecast - Model

Precipitation Forecast

(Every 3 Hourly)

FMAP - Forecast Mean

Areal Precipitation

(Every 3 Hourly)

FFFT - Forecast Flash

Flood Threat (Every 6

Hourly)

FFR - Flash Flood Risk

(12, 24 and 36 hours

product)

Forecast Products 
(WRF, NCUM, GFS)

MWGHE – NOAA/NESDIS

Microwave-adjusted Global Hydro

Estimator Satellite-based CMORPH

Precipitation Estimates (Every

Hourly);

GHE – NOAA/NESDIS Global

Hydro Estimator Satellite Cloud Top

Brightness Temperature (Infrared

(IR) based) Precipitation Estimates

(Every Hourly);

GMAP - Gauge Mean Areal

Precipitation (Every 3 Hourly);

Merged MAP - Merged Mean Areal

Precipitation (Every Hourly);

ASM – Average Soil Moisture

(Every 6 Hourly) (SAC-SMA model)
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South Asia Flash Flood Guidance System Products
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Flash Flood Case Study :Mumbai & Neighbourhoods on 09.06.2021

South Asia Flash Flood Guidance System Products
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Mumbai & Neighborhoods Event Dt 09.06.21 : Hydro meteorological Trigger

Persistent Heavy Rainfall up to 11 cm

observed from IMD RG stations in 24 hours

Soil is fully saturated up to 99 % based on 

past 06 hours observations

South Asia Flash Flood Guidance System Products
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Mumbai & Neighborhoods Event Dt 09.06.21 : Hydro meteorological Trigger

FFG is minimum and lowest up to 24.76

mm/1hr indicates surface runoff at any
moment with persistent rainfall

Moderate to High threat alert prevails over

watersheds & neighbourhoods

Threat Based Alerts

•Red – High

•Orange – Moderate 

•Yellow - Low

South Asia Flash Flood Guidance System Products
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Operational Warnings & Alerts Issued Dated 09.06.2021 
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South Asia Flash Flood Guidance System Products
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Dynamic Impact Based Forecasting of Cyclone

Web Based Dynamic Composite Risk

Atlas & Decision Support System –

WebDCRA & DSS
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A few Example from WebDCRA – Cyclone Amphan
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A few Example from WebDCRA –Cyclone Amphan
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A few Example from WebDCRA –Cyclone Amphan
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A few Example from WebDCRA –Cyclone Amphan
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Cyclone TAUKTAE: IBF based 

on 0300 UTC of 16th May 2021
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Cyclone YAASH: IBF based on 0600 UTC of 

25th May 2021
Wind 

Impact

Flood

Inundation
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 India
 MoES organizations are engaged in developing models to provide accurate

forecasts for weather and hazard elements

 MoES organizations like NCCR and INCOIS are also directly involved in the

operational practices of IBF

 International
 Time to time direct guidelines from WMO.

 MoES WCSSP project component for IBF with UK Met. Office

 Working group on IBF within South Asian Hydro-meteorological Forum (SAHF)

of RIMES

 UN-ESCAP Panel guiding documentations for IBF

 Collaboration with other partners (NMHSs)

 Synchronization
 The direct guidance from the PR of India in WMO

 IMD as a partner in WCSSP

 Scientists from IMD in the working groups of RIMES-SAHF

 RSMC New Delhi functions closely with UN-ESCAP

 Bilateral collaborations

Efforts for IBF and Synchronization
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