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OBJECTIVES 

• How to compute District-wise Risk matrix using Stage III 
methodology using HIVE data and Met event intensity (rainfall 
thresholds) 

➢Example state in East Central India 

➢Cluster method-For a state of North India 

▪ IBFW HEAVY RAINFALL REAL TIME –IMD examples

▪ Issues and challenges 



How to compute District-wise Risk matrix as Stage I and Stage 
III using past data of HIVE- Met event intensity  (rainfall 
thresholds for Heavy rainfall IBFW)-Multi 
parameters(Exposures, hazards and impacts and Vulnerability)  
Indicator methods to compute Risk matrix from rain 
thresholds at scale of low, moderate, high, very high  



Hazard Period

Heat Wave April-June

Lightning

Lightning with Hail: Feb, March

Lightning with Gusty Winds: Apr, May

Lightning (CG Lightning Associated with Deaths) : 

June - Oct

Flood July-Sep

Urban Flood

(Only Raipur, Bilaspur and 

Durg Districts)

July-Sep

Weather Hazards over Chhattisgarh

Major Impact : 

Human/Livestock Death

Major Impact : Crop Damage

How to compute District-wise Risk matrix as Stage I and Stage II using past data of HIVE- Met event intensity  (rainfall thresholds) 
Example state in East Central India –By Dr VK Gayatri and Dr Jenamani IMD, India   



Geo Physical features of Chhattisgarh

➢ Two Major river basins (Out of five): Mahanadi basin 

(eight sub basins) and Godavari Basin (three sub 

basins)

➢ Mainly Plateau region over South, Plains over Central 

and hills over North CG. 

➢ There are 12 major dams (excluding the minor ones 

with lower capacity)

➢ Largest dam is in Korba district with live capacity of 

2894 FRL in M Cu

➢ Major Economy: Agriculture and Power sector

➢ 33 Districts in the state



DATA 

Data Type

Hazard Rainfall 

Impact 1. Deaths due to flood in monsoon season

(10 year data )

Vulnerability

2. Villages Vulnerable to flood in each district

3. Catchment/Area of river Basin

Exposure
4. Population

5. Live Stock

6. Agricultural Land 

(Area Cultivable and Crop Calendar)

➢ Heavy Rainfall is the threshold weather parameter.

➢ The impact matrix was developed with SIX parameters 

consisting of Impact, Vulnerability and Exposure.  

Methodology

➢ District wise Risk assessment based on past Impact data, 

Vulnerability and Exposure  

➢ Contribution analysis is carried out for each data set.

➢ Based on percentage contribution of each district in each 

category, districts are categorized

➢ Equal weight is given to all of the indicators

Risk 

factor

Category

>50% Red

49-25 % Orange

24-10% Yellow

<10% Green



Results and Discussion

Fig: Stacked Venn representing risk factor of each 

district during Heavy rainfall activity based on 

Impact, Vulnerability and Exposure

Limitation

This categorization is purely based on the six observational categories. 

Additional data like the type of housing and roads might change the matrix.

Missing data from few districts. 





IBF – Monsoon 2022

Total No of IBF Bulletins: 48 Hrs Prior – 8

24 Hrs Prior – 11

Extended spells causing major impact : 08th to 13th July 2022 

06th to 15th August 2022

Every day of the spell witnessed Very heavy to Extremely heavy rainfall over 50 % of the stations in Bastar

Subdivision

Synoptic Feature: A low pressure area over North west Bay of Bengal extending up to mid tropospheric 

levels tilting southwestwards- This causes very heavy to extremely heavy rainfall activity over Chhattisgarh 



IBF – Monsoon 2022

Very Heavy to Extremely Heavy Rainfall very likely over 

Raipur, Dhamtari and adjoining Districts during the 

next 24 hours

Very Heavy to Extremely Heavy Rainfall very likely over 

Mahanadi Basin causing flooding over river banks of 

Tandula, Kharun, Arpa, Hamp, Agar and Maniyari.

Heavy rainfall over Raipur district likely during the 

next 48 hours

Heavy rainfall over Raipur likely during the next 48 

hours causing traffic congestion in the city limits and 

over flow of drainages. Flower/Leaf/Fruit drop due to 

water logging in agricultural fields

% correct for Rainfall Distribution Forecast - Monsoon 2022

Day-1 Day-2 Day-3 Day-4 Day-5

Raipur 77.4 87.1 83.9 77.4 80.6

Bilaspur 83.9 87.1 90.3 90.3 90.3

Ambikapur 77.4 83.9 87.1 80.6 83.9

Jagdalpur 80.6 83.9 80.6 83.9 80.6

Durg 77.4 77.4 74.2 80.6 80.6

Rajnandgaon 80.6 71 77.4 83.9 74.2

Pendraroad 80.6 80.6 87.1 83.9 83.9

Labhandi 54.8 61.3 58.1 64.5 67.7

Mana A.P. 80.6 80.6 83.9 77.4 87.1

?

Subjective verification indicated the decrease in false 

alarm



IBF – Monsoon 2022

Dissemination

➢ State Government agencies

➢ Disaster Management Authority

➢ Print and Electronic Media 

➢ Social Media

➢ Through WhatsApp to farmers (in 

Local Language with agricultural 

impact)

Textual and Pictorial display

of Weather information for

better understanding



CHALLENGES and LIMITATIONS

➢ Need for Sector Based: Agriculture, Mining, Power, Transportation, etc

➢ Non availability of localized information for risk assessment 

➢ Quantitative Verification of IBF requires ground reports from all the exposures which is 

unavailable

➢ Authenticity of the ground reports of Impact by citizens/Media ?

FUTURE WORK

➢ Addition of Infrastructural Impact and Exposure of roads for the risk Assessment

➢ Based on Crop type fixing the rainfall thresholds. 

➢ Quantification of Impact matrix



District Data Profile

IBF Risk Matrix 
Formulation

Determination of Different Impact 
Levels

Preparation of Exposure & 
Vulnerability Database

Statistical Hazard Threshold 
Matrix

Specific District Impact Matrix

Historical Hazard & Impact 
Database Homogeneous District Clusters 

–In hazard, and Imapct

Generic Cluster Impact Matrix 

IBF Risk/ Response 
Matrix

IBF Methodology-Clustering using past heavy rainfall and impact data  



Extreme Rainfall Climatology/Frequency/Vulnerability of UP



District-wise Flood Frequency/Sensitivity/Vulnerability of UP



Homogeneous Clusters of Uttar Pradesh



Cluster/Districts Characteristics Major Exposures Rainfall Thresholds

Vindhyan

Cluster

Sonbhadra,
Mirzapur, 
Prayagraj

Rainfall

9-11 cm annually

(Moderate Frequency of H-

VH)

1. Religious (Vindhyachal)/ Pilgrim (Sangam/Kumbh

Mela) Sites & Tourist Attractions/Natural

Resource/Water Fall/ Ponds/Lakes/Dams

2. Chandraprabha Wild Life Sanctuary

3. Mining & Cement Industry.

4. Anpara/Rihand/Obra Hydro-Electric Proj

5. Settlements along vulnerable zones in flood plains of

Ganga/Yamuna/Son River basin, Rivulets & Seasonal

stream

6. Airports(IAF-PRG)/Bridge//Barrages/ Railway(NCR)/

Road/ Highway (NH-02/07/24/27/75/76/127 & SH-

05/77/87/160/162)

7. Sensitive Defense Establishments.

8. Standing Paddy, Millet, Vegetables, Horticulture crop &

harvested crop/grain.

9. Ferry Transport Services.

Red warning
(Take Action)

a) Rainfall >15 cm on single day.
b) Cumulative Rainfall >20 cm for 

2 days (On 2nd Day) 
Climate

Sub-Humid

Topography

Mostly Plateau
Orange warning

(Stay Alert)
a) Rainfall >11 cm for single day.
b) Cumulative Rainfall >16 cm for 

2 days (On 2nd Day) 
c) Cumulative Rainfall >20 cm for 

3 days (On 2nd/3rd Day) 

Soil

Undulated Rocky Soil, Red 

Alluvial, Laterite, Black Clay

Water Holding Capacity

Low
Yellow warning
(Be Updated)

a) Rainfall ≥7 cm on single day
b) Cumulative Rainfall >10 cm for

2 days.

Flood Frequency

Moderate

Population  Density

Low to Medium

Major Exposure/Rainfall Threshold- Vindhyan Cluster



Impact/Response Matrix- VINDHYAN Cluster
Red Alert(Severe Impact : Take Action)

➢ SevereWaterlogging in Mines & Low-lying areas/Underpass

➢ Possibility of Mud/Rock slide & Mine Sink

➢ Moderate Flood/Severe flash flood and inundation

➢ Major Damage to Kuccha & unsecured Temporary structures

➢ Slippery Rock & muddy Road conditions & Poor Visibility conditions during intense spells of Rain may lead to Moderate/Major

disruption of Air/Road/Rail traffic flow.

➢ Large Scale Disruption of community services (water, electricity etc.)

➢ Possibility of danger to very old buildings and unmaintained structures, uprooting of trees etc.

➢ Significant Rise in River Water Levels may lead to inundation of Pilgrim Ghats, River Bank Erosion & major disruption of Ferry

Services

➢ Washout/Closure of roads & crossing low water bridges along rivulets due to Water Overflow.

➢ Moderate/Major damage to harvested crops, plantation/horticulture crops and Moderate damage to agriculture & associated

products

➢ Large scale Devastation of Slum Areas.

➢ Few instances of damage to life, livestock and property.

Suggested Actions 

✓ Stay away from areas prone to flash floods & avoid taking shelter of trees.

✓ Take safe shelters inside safe & maintained pucca houses.

✓ Temporary & unsecured structures should be vacated or secured properly.

✓ Keep Agricultural Grains/damaging products at raised platforms.

✓ Avoid Irrigation/Harvesting & Fertilizer Application in Agriculture

✓ Backup plan for Major Failure in Community Services is essential.

✓ Pre plan/Postpone due to expected delays/closure of Traffic

✓ Stay Away & safe from rivulets and seasonal rain-fed streams

✓ Avoid Driving on Kuchcha/Water Logged Roads & to take caution while driving through Slippery Road

conditions & Poor Visibility conditions during intense spells of Rain.

✓ Closure/Complete Suspension of Mining Activities & Ferry Services.

✓ Avoid visiting Barrages/Banks/Beds of River flowing close to WL/DL/HFL

✓ Take necessary measured to restrict the erosion of embankments/barrages.

✓ To avoid overflowing bridges & submerged Underpasses.

Orange Alert (Moderate Impact : Remain Alert/Be Prepared)

➢ Flooding of Low-lying areas

➢ Moderate Damage to Kuchcha and unsecured and Temporary structures

➢ Localized and short-term disruption to municipal services (water, electricity etc.)

➢ Slippery Road conditions & Poor Visibility conditions during intense spells of Rain may lead to Minor/Moderate disruption of

Road/Rail Transport.

➢ Feeble Possibility of danger to very old buildings and unsecured structures etc.

➢ Partial/Temporary Closure of roads & crossing low water bridges along rivulets and seasonal rain-fed streams due to Water

Overflow

➢ Moderate/Major disruption of Mining Activity & Ferry Services

➢ Minor flash flood and inundation in plains

➢ Significant Impact on Slum Areas.

➢ Moderate damage to plantation/horticulture crops and Minor damage to agriculture.

➢ Occasional instances of damage to life, livestock and property.

Suggested Actions 

✓ Stay away from areas prone to flash floods & avoid tree shelter.

✓ Take safe shelters inside secured/pucca houses.

✓ Temporary & unsecured structures should be secured properly or vacated.

✓ Backup electricity plan can be made

✓ Pre plan due to expected delays in Traffic

✓ Stay Away from rivulets and seasonal rain-fed streams

✓ To take caution while driving through Slippery Road conditions & Poor Visibility conditions during

intense spells of Rain.

✓ To avoid (or at least to take precaution while crossing) overflowing bridges & submerged Underpasses.

✓ Partial Closure/Temporary Suspension of Ferry Services.

✓ Partial Closure/Temporary Suspension of Mining Activity.

Yellow Alert (Low Impact : Keep Watch/Be Updated)

➢ Partial /Temporary Flooding of Low-lying areas

➢ Kuccha and unsecured temporary structures may be Partially Vulnerable

➢ Temporary Disruption of Community Services.

➢ Localized Traffic Congestion due to Partial Disruption of traffic.

Suggested Actions 

✓ Stay away from areas prone to flash floods.

✓ Take safe shelters inside secured permanent structures.

✓ Backup electricity plan can be made

✓ Pre plan due to expected delays in Traffic



IBFW HEAVY RAINFALL REAL TIME –IMD 
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17-20 Oct 2021 Extreme rain spell over Uttarakhand  

18-19 Oct-CHAMPAWAT: CHAMPAWAT (AWS)-58, PANCHESHWAR (AWS)- 51, 
DEVIDHURA (AWS)-37, LOHAGHAT-32, CHALTHI (AWS)-29, BASTIA (ARG)-25, 
NAINITAL: NAINITAL (AWS)-53, NAINITAL(JEOLIKOT)_KVK (AGRO)-49, NAINITAL-40, 
BHIMTAL (ARG)-40,  MUKTESHWAR-34, HALDWANI-33, RAMNAGAR (AWS)-23 
UDHAM_SINGH_NAGAR: RUDRAPUR(AWS)-48, GULARBHOJ (ARG)-47, KHATIMA 
(AWS)-21, KASHIPUR (AWS)-18, 
BAJPUR (AWS)-8



•Heavy rainfall spell with isolated 

Extreme rain spell over Uttarakhand

and West Uttar Pradesh during 17-19 

Oct and heavy to very heavy rainfall 

over adjoining northwest India during 

17-19 Oct due to interaction of 

northwest-ward moved Low Pressure 

Area and intense WD

• It caused flash floods, riverine 

flooding over Uttarakhand and west 

Uttar Pradesh. Landslides also 

reported from Uttarakhand



District level Heavy rainfall warning issued for  Extreme rain spell over Uttarakhand and West Uttar Pradesh on 

18 Oct at Day 4 to Day 1





Some Record breaking rainfall  for Himachal Pradesh

during 8-12 July 2023 in mm- (Some of stations have data as since 1871 like Shimla, Ambala and Chandigarh  

as 1957) 

Stations District New All Time Record Previous record

Rainfall Date Rainfall Date

Manali Kullu 131.3 9 July 2023 105.1 09 July, 1971

Solan Solan 107 9 July 2023 105 17 July, 2015

Rohru Shimla 185 9 July 2023 170 25 July, 1966

Ghamroor Kangra 166 9 July 2023 164.8 19 July, 2021

Pachhad Sirmaur 220 10 July 2023 189.2 26 July, 1973

Nadaun Hamirpur 160.5 9 July 2023 146 30 July, 1996

Keylong Lahaul & Spiti 83* 9 July 2023 78 28 July, 1951

State Station All time Record (mm)in 

July

Previous Record(mm) in 

July

Chandigarh Chandigarh 

City

302.2 (09.07.2023) 120.8(28.07.2017)

Chandigarh 

Airport

286.0(09.07.2023) 262.0(17.07.2000)

Haryana Ambala 224.1(09.07.2023) 206.7(16.07.2001)



Extremely Heavy rainfall Event over Western Himalayan region 
and adjoining plains of northwest India 8-13 July 2023 





Impact based Forecast and Warning were issued and updated at lead time 3-4 days 

lead time starting from 5th July 



Impact based Forecast and Warning with daily press udaptes/nowcast were issued and updated at lead time 3-

4 days lead time starting from 5th July(by IMD Cnetral forecst office and MC Shimla on 5th July) 



Color coded Impact based Warning issued at district level worst affected states of Himachal 

Pradesh, Chandigarh, Haryana and Delhi



Warnings disseminated timely through CAP/Social media and WhatsApp 5-12 July 

2023



Warning Dissemination system

❖ Social Media and Mobile Apps

❖ IMD Apps: Mausam/ Meghdoot/DAMIN/RAIN ALARM, UMANG

❖ Social Media: Facebook, Twitter, Instagram, BLOG

• Twitter: https://twitter.com/Indiametdept

• Facebook::https://www.facebook.com/India.Meteorological.Department/

• Blog: https://imdweather1875.wordpress.com/

• Instagram:https://www.instagram.com/mausam_nwfc

• Youtube:https://www.youtube.com/channel/UC_qxTReoq07UVARm87CuyQw

❖ CAP/IMD APIs

❖ Telephone, Tele-fax, Mobile Phones (SMS) through IMD severe weather network, Agromet Network, 

INCOIS network. 

❖ VHF/HFRT/Police Wireless,  Aeronautical Fixed Terminal Network

❖ Global telecommunication system (GTS) :

❖ NAVTEX , Internet  (e-mail), ftp 

❖ Mass Media: : Radio/TV, News Paper network (AM, FM, Comminity Radio, Private TV) : Prasar Bharati and private 
broadcasters, Websites, Dedicated websites and web pages, Social media, Weekly and daily Weather Video

❖ GAMES and NAVIK 

https://twitter.com/Indiametdept
https://www.facebook.com/India.Meteorological.Department/?__cft__%5b0%5d=AZWCmcrEwGmTZJi7YB7pm2rZzm22Lvw7KF5X90fBoW0XkQ39bPuwwLnfexbNkSgfAeNdTgP_qeRlRPkIf8Sw7SfFiGfW7AnvOkqKp2YGsCQNZJekTs9teT2KnZlPTl9NURCC3852_k2h_FbtHEG8dv7hpP44HhCG-MospwOC-j8AFw&__tn__=kK-R
https://imdweather1875.wordpress.com/?fbclid=IwAR2Im2WWeoZ-Ne8sizlmK1YTU1DfHaBFzQ1nPH2S5i9zWpBEgDO-1FMtM3s
https://www.instagram.com/mausam_nwfc?fbclid=IwAR2Im2WWeoZ-Ne8sizlmK1YTU1DfHaBFzQ1nPH2S5i9zWpBEgDO-1FMtM3s
https://www.youtube.com/channel/UC_qxTReoq07UVARm87CuyQw?fbclid=IwAR2Im2WWeoZ-Ne8sizlmK1YTU1DfHaBFzQ1nPH2S5i9zWpBEgDO-1FMtM3s


APIs

•More than 30  

Organisations are 

using IMD’s 16  

APIs

•NITI Aayog, 

•National Disaster 

Management 

Authority

•Incredible India 

•eNAM 

Mobile Apps Common Alert Protocol

App Download

Mausam 204250
25500

Damini 5L+

Meghdoot 276447
7900

Umang 1 crore

Crowsourc
e

2079

Pilot project is operational in Tamil Nadu

state of India since March 2020

▪ Statistics so far:

▪ 65 Million SMS for Heavy rainfall and  
Thunderstorm in different part of the states.

▪ TN-SDMA also disseminated approx. 7.6  
Million SMS in Tamil during Cyclone Burevi  
crossed over Tamil Nadu.

▪ 1.4 Million SMSs in Tamil to warn the people  
regarding flood situation due to water release  
from Chembarambakkam lake and potential  
flood threat

../../../Vikas/UMANG/Video/UMANG/UMANG App Final.mpeg


Heavy rainfall warning skill

• Probability of Detection (PoD) from 2002 to 2022 (1 June to 31 July) for Day 1 (D1) to Day 5 (D5)

• Forecast issued 24 hr ahead has the accuracy on 79% in 2022 (June-July)

• D5 skill in 2022 (57%) is better than D1 skill in 2016 (52%) and all proceeding years. Hence there is improvement in lead 

period of forecast by 4 days

• There is high improvement in recent 5 years (2018-22) as compared to previous 5 years (2013-17)  



Number of Lives lost per one extremely heavy rainfall case over India During 2015-2021-Reduced from 4.13 in 2017 to 2.70 in 2021 (by 35% 
per rain reported station based extremely  heavy rainfall event)



Extremely 

heavy rainfall 

event 

Red color 

warning 

issued 

CM 

Preparato

ry with 

IMD prior 

to event

Live lost Houses 

damaged 

Livesto

ck lost 

Any strict Tourist 

restriction imposed 

15-18 June 

2013

- - Nearly 7000 people 

lost their lives

2513 11091 No

Destruction of 

bridges and roads 

left about 300,000 

pilgrims and 

tourists trapped in 

the valleys

17-20 Oct 

2021

2-days in 

advance with 

likely impact 

Yes. All 

preparatio

n were in 

place 

Around 79 deaths 

were reported in 

the state

232 - All Chrdham Yatra

were stopped and all 

tourists were 

restricted  

Extremely heavy rainfall event Uttarakhand 15-18 June 2013 vs 17-20 Oct  2021 



Development of Multi-Hazard Early Warning System-Aug 2019 DGM Plan

2019- 20 

Supply order for 
Decision support 
system. 

•Establishment of 
Test Bed for Centre 
for Thunderstorm 
and lightning (CTL) 
and other activities 
finalized

2020-21
Commissioning 

of Decision 
Support System 

(DSS) Centre 
established  with 
full functionality

2021-22

Impact based 
Forecast system 
for Cyclones for 
coastal states 

and heat waves.

2022-23

Impact based 
Forecast system 
for Heavy rains 

and thunderstorms

2023-24

Impact based 
Forecast system 
for Urban floods

2024-25 

Impact based 
Forecast system for 

Urban floods



Key Essentials for Impact based 

Forecasting Translating hazard 

information into impact scenarios 
Hazard VulnerabilityExposure Impact/Risk

Source: Modified from Francis Ghesquiere, The Word Bank

Cartographic, Geological, Hydro-meteorological ..
Geospatial Data – Vector and Raster 

GIS/Geospatial– Infrastructure, settlements, land use..  

Statistical - census and survey data

Value at Risk



Target 2024- IBFW- Adding Risk for various major exposures and to improve 

response from users  and trigger actions  

❖Use of Risk matrix at granular scale for all major 

exposures 

❖Aimed at individuals, communities and enterprises that 

are vulnerable and exposed to the impact of a hazard or 

group of hazards.

❖To create paltform for Social and behavioral response of 

public and DMs and stake holders to take safety action, to 

IBF and warning  



Thank You
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