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Preparation of Impact matrix, Data Sources and 
Challenges

• Hazard, Exposure, Vulnerability, Risk 

• Preparation of Impact Based Forecast

• Preparation of Risk(Multi-hazard textual and graphical form 
using GIS/QGIS etc)

• Data Sources and Challenges



Methodological 
Framework
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Based Weather Forecast and Warning

Services(Risk based)-Data and Models

➢ Hazard

• Meteorological or hydrological element that  poses a threat

– Heavy rain Hazards, TS/DS Hazards(Tornado ? , Cyclone Hazards 

➢ Hazard Impact or loss Data 

➢ Forecast Uncertainty(Nowcast, Synoptic and Model 

consensus, Extreme indices or Probability from EPS)-The 

limit of predictability imposed by the  nature of the

atmosphere



Figure 2. Peril Classification at Family, Main Event and Peril levels. (Adapted from IRDR, 2014).



Figure 3. Conceptual framework for Human indicators in disaster loss (adapted from IRDR, 2015).



Figure 4. Joint Research Council conceptual data model for loss data (Adapted from Corbane et al., 2015).



Weather Type Category(in terms 

of Impact)

Duration of 

occurrence

Year, date & Month

(--/--/--) State

Location/

Area affected

( District/ Tehsil/Block)

Associated Impact

Types Primary/Secondary/

Tertiary 

Data

Human casualties Death

Injury

Missing

Livestock with type of species Death

Injury

Missing

Evacuation Number of people

Number of different livestock

Trees uprooted(Types and estimated 

numbers)

Small, medium, large

Infrastructural Damage Crop (Type of crop, area & stage of crop)

Type of House and number

Affected community services Hospital

School

Water supply

Other services

Transportation Rail (name of route/rail traffic disruption)

Road/Highway (name of route/traffic 

disruption)

Airports (name)

Communication Telephone towers (no of uprooted/bent)

Electricity supply {no of poles & towers 

(11/22/33 Kw lines)uprooted/bent}

Occurrence of flooding/ inundation 

/landslide

If yes, then area of occurrence of 

flood/Inundation and location/areas of 

landslide







Key Ideas in Impact-Based Forecast  

and Warning Services
Exposure(Can be all)
―Who or what may be affected in an area where a hazard may  

occur

Vulnerability (Few may be vulnerable/Fully or partially, say 

Building/House-water entered, but no major damage, may completely)  
―The liability of exposed human beings, their livelihoods and  

property, to suffer bad effects when affected by a hazard
(Sectors, Structure, Basic Services, Communities and Individual)

Risk
―The probability and magnitude of harm possible to humans, their  

livelihoods and assets because of exposure and vulnerability to  a
hazard( Low, Mod ,High)



Definition to be followed of Hazard,  Vulnerability and 

Exposure
➢ Hazard refers to the possible, future occurrences of natural or human-induced physical events that may 

have adverse effects on vulnerable and exposed elements. At times, hazard has been ascribed the same 

meaning as risk, but hazard is now widely accepted to be one component of risk and not risk itself. 

➢ Vulnerability refers to the propensity of exposed elements such as humans, their livelihoods, and assets to 

suffer adverse effects when impacted by hazards. The ability of a population or community to cope and 

adapt to disasters significantly impacts vulnerability. Coping capacity is the ability to react to, and reduce 

the adverse effects of experienced hazards, whereas adaptive capacity is the ability to anticipate and 

transform structures or organisations to better survive hazards. 

➢ Exposure refers to the presence of elements in an area in which hazard events may occur. Hence, if 

population and economic resources are not located in potentially dangerous settings, no problem of 

disaster risk exists. Exposure is a necessary, but not sufficient, determinant of risk. It is possible to be 

exposed but not vulnerable (for example by living in a floodplain but having sufficient means to modify 

building structure and behaviour to mitigate potential loss).



Risk Assessment

Subjective 

Climatological/past impact and discuss

impact with stakeholders

Objective

Impact models using vulnerability &

exposure data set and meteorological

information





Wind /Rainfall Impact-Risk based warning 





Operational Shifts needed 

Phenomenon-Based 

Forecasts
Impact-Based Forecasts

Products-Based Services Decision Support Services

Meteorological Threshold-

Based Warning 

Impact Threshold-Based 

Warning (Risk based warning) 

Probabilistic 

(uncertainty range)

Deterministic (best 

forecast)
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Cyclone - 2 seasons

(Gale Winds, Storm surge 

and Heavy rains) 

• 7500 km long coastline

Flood

• 40 M ha flooding

Landslide

• Himalayas and Western Ghats

Progress in India : Severe weather Events as per Seasons, Hazards, Vulnerability, RISK

(Image Courtesy: ISRO)

Thunderstorms

• Most parts of country -Hazard-Lightning, 

heavy rainfall  and Winds-June-August

Heat Wave/Cold Wave-North plains of India

1.Winter Season(Jan-Feb)

• Dense fog, Cold wave, 

Frost and Heavy Snowfall 

2.Summer Season(March-

May)

• Thunderstorms, Dust 

storms and Lightning

• Cyclone Season-I

3.Monsoon Season(June-

Sept) 

• Heavy Rainfall and Flash 

Floods

4.Post Monsoon or 

Northeast Monsoon 

Season(Oct -Dec) 

• Cyclone Season-II

• Heavy Rainfall and Flash 

Floods mainly in 

Peninsular India

• Starting Phase  of Winter 

severe Weather for north 

India



Mapping of Major Natural Hazards

Mapping of Thunderstorm:

Frequency of Hailstorms in 100 

years
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Analysing user needs and meeting requirements

What forecasts and warnings already exist that can meet 

user requirements?

Which existing forecasts and warnings can be adapted to 

meet the user requirements of impact-based forecast 

services?

What capability is needed to produce the impact-based 

forecasts and warnings that will meet the user 

requirements?



How can India adopt ?-Steps to switch over to IBF
Event Hazard Warning 

parameters  

Validity  and 

lead time

Scale Conventional 

Methodology  

NWP Products Users Skill Post event 

meeting for 

assessment

Heavy rainfall 

(conventional 

EWS)

- 24-H/3-H event 

intensity 

Nowcast/SR-MR Location, 

City, Dist and 

Met Sub-dIv

Synopt, CLIPER, 

Analog. 

Persistence, MOS

Reg to Global 

Det to EPS 

DMs and PWS 

and some

Sectorial 

Upto 3 

day 

0.73 

and 0.4 

to 0.5 

upto 5 

days

Users meeting 

Heavy rainfall (IBF 

and RBW

Floods:Pluvial (Surface 

Flood)/Flash 

flooding(especially Urban 

flooding)

Coastal flooding(low 

tide/high tide and rainfall 

epochs)

▪ Riverine flooding

▪ Land slide and Land 

sink.

▪ Dam burst 

Event and hazard 

and Impact details 

and a  RISK Matrix 

1-5 days at 

stages 

do Event forecasts, 

Hazard  types and 

intensity likely , 

Exposures, 

Vulnerability and 

Risk estimates  

Weather Models

Hazard Models

IMAPCT Models

Exposure, 

vulnerability and 

Impact data  

Municipality, 

Authority, Power 

sector authority,

Telephone service 

provider, 

Hospital authority,  

Transport 

authority

Animal husbandry

DMA and  NGO  

To start



1980 2020 2030

Geo-physical exposures, Livelehood, 

population

Socio-economic conditions,  land 

use, urbanization, industries, roads 

and other infrastructures and 

development of various sectors

Changing exposure 

New Exposure come up Basic service facilities like, Mobile 

phone, internet(banking and 

transport, reservations),  drinking 

water supply, Power, Health(medical 

Services facilities) , Transportation

? Increase in Extreme weather event 

occurrences and changes 

characteristics, severity   

Exposure Delhi-In pre 1980s vs 2020s vs 2030 if we compare 



Steps to be followed for MET Service provider to switch over from current conventional event based EWS 

to  EVENT-Hazards based IBF and RBW needs

a) Dialogue between respective Hazard and Model scientists, Disaster data experts, forecasters, 

disaster managers, community leaders and other relevant users

b) Raw event forecast –threshold based warnings- Heavy, very heavy much easier than IBF and 

RBW  because 

➢ A forecaster can easily give the former forecast but for latter , he has to know details of the 

concern district/city, past data and must have aces to voluminous big data/information 

➢ It needs Hazard forecast information combined with vulnerability and exposure data available 

with but to be formatted and easily accessible by national hydrological and meteorological 

services and partner organizations, to create a risk assessment

➢ Objective-: Forecaster officer in Duty, assess the impacts of the forecasted weather 

phenomenon and hazard likely and their intensity and consider their warnings based on the 

level and severity of those impacts at that particular location and /or for the target 
users/groups.





a. Identifying and understanding users

b. Which existing forecasts and warnings can be adapted to meet the user requirements of 

impact-based forecast services?- partners from health organisations or government health 

departments could provide relevant data on the health impacts of maximum daily 

temperatures. Combining and processing the two sets of information can produce an impact-

based forecast for health impacts from high maximum temperatures.

c. What capability is needed to produce the impact-based forecasts and warnings that will 

meet the user requirements? Some user requirements may not be immediately deliverable 

without significant changes within the national hydrological and meteorological service. 

Organisations may need to conduct a capability assessment and/or gap analysis to identify 

what infrastructure, resources or datasets are needed to deliver the appropriate level of 

impact-based forecasting. Once gaps are identified, a diagnostic can be made of if and how 

those gaps can be filled

Steps to start  IBF services and RBW by any NMS provider  like 
MC/RWFC/NWFC



Understanding Risk and Impact

» The Future of Forecasts Typical questions to ask include: 

»▶What are the vulnerabilities that lead to impacts? 

»▶Which impacts cause the greatest suffering? 

»▶Who is affected the most? 

»▶Which impacts are the most difficult to deal with? 

»▶ How livelihoods are affected? 

»▶Which sectors are affected the most? 



Epidemiology / Épidémiologie

Death toll exceeded 70,000 in Europe during the summer 

of 2003

Volume 331, Issue 2, February 2008, Pages 171-178

https://www.sciencedirect.com/science/journal/16310691/331/2


In IBF we deliver-Risk maps-An all 

also 
» Risk maps are an effective way of combining forecast 

hazard, vulnerability and exposure data into an easy to 

interpret visual aid. 

» The responsibility for generating risk matrixes, risk 

maps, or any other tools which can be used to help 

present the level of risk in IBF can from Met or from 

any others 

» Risk matrixes and risk maps are used individually and 

in combination to present assessments of risk for 

impact-based forecasting.  



Risk Matrix
HIGH 2 6 10

MED 1 5 9

LOW 4 8

VERY 

LOW
3 7

VERY LOW LOW MEDIUM HIGH

IMPACT

L
IK

E
L

IH
O

O
D

Assign a colour to the warning which is a combination of potential impact and likelihood (source: Met 
Office)

Green: No severe 

hydromet hazard 

expected

Yellow: Be aware

Orange: Be prepared

Red: Take action
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Minimal Minor Significant Severe



Risk Matrix, Risk map, IBF maps etc

Calculating the hazard component. Raw wind 
gust data (a) from 12 Met Office Global and 
Regional Ensemble Prediction System UK 
(MOGREPS-UK) members (only member 3 is 
shown) is converted into a weighted wind 
gust field (b) through the application of the 
wind gust thresholds (Table 1). Hazard 
probability, based on the number of 
MOGREPS-UK members exceeding thresholds 
for each wind gust threshold, is applied to the 
road network (c). The example is from 
December 5, 2013, 10:00 UTC; the MOGREPS-
UK run time was December 4, 2013, 15:00 UTC; 
the lead time of the data is T + 19 hr

https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/met.1819#met1819-tbl-0001




Vehicle OverTurning
(VOT) model risk 
algorithm: A 
combination of 
hazard, vulnerability 
and exposure. The 
algorithm is executed 
for each road section 
for each threshold 
detailed in Section 3.1. 
The maximum risk 
value output is made 
available to 
operational 
meteorologists in the 
Met Office Operations 
Centre via a webpage 
(grey box). No other 
upstream outputs in 
the modelling process 
are made available to 
forecasters

https://rmets.onlinelibrary.wiley.com/doi/full/10.1002/met.1819#met1819-sec-0004


Table 1. Accident wind gust speeds 
(m/s) for vehicles with different 
aerodynamic parameters at 
different vehicle speeds and wind 
directions, adapted from Baker et 
al. (2008). Minimum accident gust 
thresholds, shown in bold, are 
rounded and used in the Vehicle 
OverTurning model



Data and Website shared 
» IMD Pune event climatological map and extremes

» IMD Pune Disaster weather event data updated up to 

2019 (1967 to 2019), City daily rainfall data 

» https://bhukosh.gsi.gov.in/Bhukosh/MapViewer.asp

x

» https://bmtpc.org/DataFiles/CMS/file/VAI2019/Assa

m.html

» City Municaplity commissioner, District NIC and 

state DMA Site

» NDMA 

https://bmtpc.org/DataFiles/CMS/file/VAI2019/Assam.html








March 2021-“Data format" for Lucknow 
city for Stage III

» 1. Climatology

» 2. Geophysical data

» 3. Physical data

» 4. Socio-economic data

» 5. Vulnerability

» 6. Impact & Response matrix

» 7. Reference









Progress in the World, Issues and Challenges 
a. Needs massive on-line documentation to refer available

with state and central Govt site, District level NIC portals



Collaboration 

➢WCSSP-Indo-UKMO and other UK centers 

➢RIMES-Regional Integrated Multi-hazard Early Warning 

System - http://www.rimes.int/

➢TN SMART (TamilNadu System for Multi-hazard potential 

impact Assessment and emergency Response Tracking) 

is a web-based system -http://beta-

tnsmart.rimes.int/index.php/login/login_form

➢System for Assessing, Tracking, and Alerting Disaster 
Risk Information based on Dynamic Risk Knowledge 
(SATARK)-https://satark.rimes.int/Login/register

http://www.rimes.int/
http://beta-tnsmart.rimes.int/index.php/login/login_form
https://satark.rimes.int/Login/register


One Stop risk Management 

System

46

▰ Agreement for strengthening OSDMA technical 

capacity through development of a Decision 

Support System

▰ Initiated based on the TNSMART work in Tamil 

Nadu

▰ An integrated platform to archive, utilize ground 

data and threshold driven forecast products

▰ WebGIS layers of risk based information

▰ Timely dissemination of warning information to 

users

▰ SATARK is in Advanced stage of development



Exposure Database

47

▰ Integrates all sectoral district level data collected
from various departments so far

▰ Dynamic risk formulated based on the exposure level
and hazard intensity

▰ Exposure database estimates different parameters 
exposed to different disasters.

▰ This includes:

▻ population (male, female),

▻ livestock’s, 

▻ Houses with types and details

▻ Agricultural area 

▻ Critical facilities



Disaster Archive
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▰ Disaster impact profile module houses the time series of 
historical disaster related information at block and district level. 

▰ The module has options to interactively generate infographics
on disaster frequency and its associated impacts, district-wise. 

▰ This dynamic module will enable experts to key in all relevant 
data pertaining to a disaster through a data entry panel such as 
damages, economic losses, injured humans, missing persons 
etc. at both district and block levels. 

▰ Infographic representation of historical data for better 
understanding. 





• Windstorms and Heavy rainfall can be forecasted with lead times from a couple of hours to several 
days. The lead times of droughts are even longer, in the range of one to several months.-Merz et al, 
2020- https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020RG000704

Heavy Rainfall

b. scheme of 

the cascading 

effects of the 

heavy rain 

event from say 

D10 to Day 0 

and Day +10 

and foot prints 

of three 

commonest: 

event, hazard 

and impact   



➢Examples are 

short‐term, local‐scale 

events, for example, 

localized heavy rainfall 

event causing pluvial 

floods with event 

duration and extent in 

the order of 1 hr and 

1 km, to drought/riverine 

flooding covering 100s of 

km and for days - Merz
et al, 2020 

Hazards-natural phenomena with a specific magnitude that unfold with a given space‐time footprint and with 

the potential for adverse consequences. The event footprint may vary significantly across hazards.



1.Organizations and individuals can make critical decisions to ensure that 

resources and supplies are in place to take early action and to respond 

as soon as it is safe to do so.

2. Increase in Extreme weather event occurrences and changes 

characteristics, severity   

3. Impact based Financing -Estimating Resource allocation needed 

from an impending disaster timely and to make Impact based 

financing for better managing the disasters

4.Demands are there from newly sectors(power, health, transport, 

urban pockets) for  National Met service

5. IBF and RBW and observations-Insurance financing and settlement 

more logically  

Use of IBF and RBW



A lot of future lies with IBF;Weather –

Impact on consumer demand and Market
➢ Exploring  true extent of sales as driven by weather.

➢ The range of weather dependent verticals very  vast





THANKS


