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Understanding Climate Risk: A Multi-Dimensional ChallengeA

Climate risk arises from the interactionahinate hazards exposure and
vulnerability . It reflects how societies and ecosystems are affected by both
extreme events and gradual climate changes.
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x  Physical Risks

AResult fromdirect climatic hazards such as floods, droughts, heatwaves, an
cyclones.

ACausémmediate damageto crops, infrastructure, and ecosystems.
Example Rising sea levels threaten coastal cities and agricultural deltas.

x  Socioeconomic Risks

Anffect livelihoods, food security, and public health

APoor and marginalized communities facelifghest vulnerability due to
limited adaptive capacity.

Example:Heat stress reduces farm labor productivity in South Asia.

x  Environmental Risks

Aong-term degradation of ecosystems and biodiversity.

Misturbs thenatural balance of land, water, and atmosphere.
Example:Shifts in rainfall patterns alter forest and crop ecosystems.

x  Systemic Risks

Anterconnected impacts thedascade across sectofs.g., food, water, energy).
ACan amplify crise® such as droughts leading to food insecurity and
migration.

Example:Crop failure triggering rural economic losses and urban migration.

www.actuariesindia.org



Why Climate Risk Matters for India A

India ranks6th globally in the ClimateRisk Index, facingunprecedentedhallengedrom climateinduceddisastersWith
over400extremeweathereventsecordecandeconomic
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India's Climate Vulnerabillity Index A

The CEEW Vulnerability Index reveals stark regional disparities in climate risk exposure. States in
eastern and coastal regions face the highest vulnerability due to recurring floods and cyclones, WHatkes aduories of india
western and central regions grapple with water scarcity and extreme heat.

HighRisk States Population Exposed Districts Asses
States classified as extremely Share of Indians living in climate Comprehensive coverage across a
vulnerable to climate impacts vulnerable districts Indian states and territories

Source: CEEW Climate Vulnerability Index, 2024
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Global Risk Landscapel | ndi aos Position (I PC

India: High -Risk Climate Zone

A Ranked 7th globally in climate vulnerability
A Climate risks: floods, cyclones, droughts, heatwaves, glacial melt Institute of Actuaries of India
Key Risks Identified _ A
Extreme HeatMore intense and frequent heatwaves

Heavy Rain & Floods20% increase in extreme rainfall events
Cyclones & Coastal Threatkitensified storms, rising sea level
Drought:Increased water stress in key agricultural zones
Glacial RetreatHimalayan glaciers could lose up to 100% vol
Sectoral Vulnerabilities

A Agriculture: Monsoon changes, yield loss in rded areas ) X T o
A Urban AreasRising flood and heat stress in megacities '
A Mountains:Glacial melt, landslides, river flow disruption
IPCC AR6 Recommendations

A Climaterisk mapping and infrastructure planning

To o o To I

[—l District Boundary v
" Vulnerability Index o
B Top 10% (Decile I; 62 districts; 0.65-(-35)

B 10%-20% (Decile I1; 61 districts; 0.62-}65)
I 20%-30% (Decile I11; 61 districts; 0.60-0.62)

M H H H “1: - %0-40% (Decile I'V; istricts; 0. .

A National coordination for systemic resilience B 10550 (Dot V. 1 it 05605

. . . . [ 50%-60% (Decile VI; 61 districts; 0.55-0.56)

A Strengthening disaster risk infrastructure [ aaeove et Vi disics: 053055
[ ] 70%-80% (Decile VIII; 61 districts; 0.51-0.53)

[ ] 80%-90% (Decile IX; 61 districts; 0.48-0.51)
mEZzzo-ZHw ot [ ] Bottom 10% (Decile X; 62 districts; 0.34-0.48)

Summary:

India stands at the epicenter of milizard climate risk, requiring urgent national action for adaptation and resilience
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Key Climate Terms Explained A
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SN ANNL

ENSO |OD JJAS
El Nifio-Southern Oscillation: Pacific  Indian Ocean Dipole: Temperature J u nleu Ay g eSsetp t e:nibnedr |
Ocean temperature fluctuations that differences in the Indian Ocean crimonslsensgehi v7eor

influence monsoon strength and timingaffecting rainfall distribution and SWoBnnuainf al |
across India. intensity.

Drought Runoff North-East Monsoon (OND):

. : _ Occurs during Octoberf November December
Drought is a prolonged period of  Surface water flow occurring when (OND) whenretreatingmonsoonwinds blow from

abnorma”y low rainfall, Ieading to soil infiltration CapaCity Is exceeded, the northeast,bringing rainfall mainly to Tamil

water scarcity and dry conditions. leading to flooding risks. Nadu,coastalAndhraPradeshKerala,andpartsof
Sri Lanka It contributessignificantly to winter-
seasorwateravailability andrabi cropirrigationin
southerrndia
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cipitation-
ia’ : . (PR )81-2024
For decades]ndia’'s monsoonfollowed a predictablepattern X o L W

onsetin early June,withdrawalby SeptemberThis consistency
was the foundationof agriculturalplanningandwaterresource
managemenrdcrosshe subcontinent

The monsoon delivers 70-80% of India's annual rainfall,
supporting600 million farmersand replenishingcritical water #
reservoirs Any deviation from normal patterns creates
cascadingmpactson food securityandeconomicstability:

20 210 390 580 760 950 1,100 1,300 1,500
Precipitation (mn'1)

Source: India Meteorological Department (IMD) Monsoon Data
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Recent Trend: Changing Onset & Withdrawal A

Q Delayed Onset ’ Earlier Withdrawal

Monsoon arrival increasingly Premature monsoon retreat e
delayed,with notableinstances observedacrossseveralstates,

in 2019 and 2022 disrupting shorteningthe growing season

planting schedulesand causing andreducingreservoirrecharge

water stressin key agricultural capacityin critical watersheds

zones

, Increased Uncertainty

Seasonal predictability declining, making traditional forecasting methods less reliable ¢
challenging longerm planning for farmers and water managers.

Rainf all EXPBemes in
X AboMWer nRaali nf adthrieac el W@&odit hleonPger Ao dr @lgR Av) Nl r t hw
| ndiexor thsmgd as tsi a2l 1
x Regional Contrasts: While Northwest and Cen
2nd | owest 1r90 Inhfiaglhll isg hntcieng spati al I mbal anc
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Rising Intensity

JuneSeptember (JJAS) rainfall intensity has
increasedby approximately2 mm/day over recent
decadesHeavy rainfall eventsare becoming more
frequent, particularly across North and Northeast
India.

Paradoxicallydry spellsarealsolengtheningn some
region® creating a dangerous pattern of floods
alternatingwith droughtswithin the sameseason

Precipitation Percent Difference from Average

Precipitation Percent Difference from
025-06-01 to 2025-09-30, Total, vs. 1981 -

Average
2024-06-01 to 2024-09-30, Total, vs.
1981 - 2024

i
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Monsoon Shifts & Future Projectiona

Historical Trends

A Indian Summer Monsoon (ISM) delivers ~75% of annual rainfall.

A Increasing variability ironset &7 days)andwithdrawal (57 10 days delay)
A Declining rainfall over IndeGangetic plains; rising trends in peninsular & NE Indien
A Rise inextreme rainfall events decline in moderate rains.

Institute of Actuaries of India

Observed Shifts (Past 50 Years)

A Northward & westward displacement of the monsoon trough.

A Weakened laritbcean thermal gradient due to aerosols & land use change.
A Regional disparity in rainfall distribution and intensity.

Future Projections (CMIP6, IPCC AR61 SSP24.5 & SSP5%8.5)
SSP24.5:61 12% increase in monsoon rainfall by 2100,
SSP58.5:15125% y 1 n t o tiatdnsestontdaratianl downpoon r e *‘*“L*
Shorter monsoon period witbnger dry breaks between heavy spells. -
Higher monsoon variability linked with stronger ENSO & IOD phases.

More frequentlash floods, urban flooding, and droughtan the same season.

o T>o T To Do

Implications

A Shift in sowing & harvesting windows across major crops.

A Increased irrigation & groundwater stress.

A Urgent need foclimate-smart agriculture andAl -based early warning systems

www.actuariesindia.org
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Role of ENSO & IOD in Monsoon Dynamics A

India’s monsoon is increasingly influenced by complex interactions between global climate

nstitute of Actuaries of India

oscillations, making rainfall patterns less predictable and more extreme.

N\ D
E | Ni o Sout her n Q]Indian Ocean Dipole (I0D)
El Nifio events suppress monsoon rainfall, often triggering Positive 10D phases drive erratic flooding patterns. When
severe droughts across India. The warming of Pacific Ocean|| western Indian Ocean waters warm relative to the east, it
waters disrupts normal atmospheric circulation, reducing intensifies rainfall variability and can cause devastating flood$
moisture delivery to the subcontinent. in vulnerable regions
J '\ J
R e Ce nt Exam p I eS ENSO Phase 10D Phase Monsoon Outcome
. L. . . El Nifio Neutral Weak, drought risk
2015 Chennai FloodsPositive 10D contributed to extreme rainfall,
causing catastrophic urban flooding and economic losses exceed EiNifio Positive Impact softened, normal rainfall possible
$3 bllllon El Nifio Negative Severe drought, widespread deficit
2019 Bihar Drought: El Nifio conditions led to severe rainfall defic |, yira Neutral Strong, abundant rainfall
affecting 13 million people and decimating agricultural output
La Nifia Positive Excess rainfall, possible floods
La Nifia Negative Moderated rainfall, less intense

www.actuariesindia.org



TROPOSPHERE El Nifio TROPOSPHERE La Ni

El Nifio is a climate phenomenon where the Eastern Pacific Ocean becomes unusuallya Nifia is a climate pattern where the Eastern Pacific Ocean becomes unusually cold, while
warm, disrupting the normal flow of winds and weather across the tropics. Western Pacific becomes warmer and wetter. This strengthens the normal atmospheric and

oceanic circulation across the tropical Pacific
x  Eastern Pacific:

A The ocean surface i s \aarmair rises, fomiegdouds g \W4lkér Cifcglatich hfensifes:t i o n

and causing heavy rainfall and floods. A WwWarm, moist air rises over the Western
A This region is | abeled "EI Ni To" andandd&aveciion.F!| ood" , showing the intense precip
linked to the warm waters. A Cooler, dry air sinks over the Eastern
drought.

x  Western Pacific:

A - The ocean surface is cold, and the akr TrddsWwirhs Strengttiest descendi ng, |l eading to | ess
formation and drought. A Surface winds blow more forcefully fron
A Convection is minimal here, meaning Aertsi s aémhahdeaandpwelriei flg Yospeodll 8 - water i
x  [2] Atmospheric Circulation: x  Thermocline tilts more steeply:

A Air flows from west to east in the UAPEhetbODAEAhe Bet WEV¥ARI WaNt LHhE besual wWak
Circulation. reinforcing the temperature contrast.

A This shift weakens the trade winds and allows warm water to pile up in the ea



Positive phase

increased l

convection

Africa cooler

What is the Indian Ocean Dipole? A
The IOD is an irregular oscillation of sea surface
temperaturesin the Indian Ocean, characterizedby
differencesbetweenthe westernand easternregion® .o of Acuories of indi
specifically,warmerwatersnearthe Arabian Sea(western

pole) and cooler waters near Indonesia(easternpole)

ions during its positive phase The phenomenontypically
e normal F developsetweerpril andMay, peakingin October
chance o
ot Vi husglafrecuced There are three 10D phases:
i of rain ANeutral: Sea surface temperatures are roughly equal east and west.
- o " Mositive 10D: Warmer waters in the western Indian Ocean and cooler
waters in the eastern part. This phase often brings increased rainfall to
| ndi a.
Negative phase ANegative 10D: Cooler in the west and warmer in the east, usually
| eading to drier conditions ovVve.l
W cresed 10D Phase SSTs Monsoon
(West/East) Impact in India
:.':v'j': Positive Z\;Zrtm west, cool Enhanced rainfal
Africa = .Iz:-" ‘:".‘ ;"'. Wigr::r
adiced O il ikl e Neutral SSTsroughly ~ Average
Shance - s Adstrata incresed equal conditions
Indian ocean of raip=
: ; ; Negative ggsotl west, WamM peduced rainfall
60°E 120°E 180°
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ENSO & IOD Phases 2023-2025 A

Institute of Actuaries of India
Key Insights (20282025)
e U 2023:A strongEl Nifio developed mid/ear, peaking by
o B EINifo Developing Octobed causing suppression of monsoon rainfall in nort
s and central India, while positive IODpartly offset deficits

B Strong El Nifio in th th

B Positive 10D In the south.

B ElNifio Weakening

"ensonerd 0 2024:ENSO transitioned toeutralby April; a sustained
¥ Posiive 0D Sustaned positive I0ODsupported abovaormal rainfall in peninsular

B Transition to Neutral . . .

T India during the monsoon period.

B Transition to La Nifia

B Negative 0D Developing (1 2025:Conditions flipped ENSO shifted from neutral

ENSO W' La i Establhed to developing La Nifidoy July, while anegative

B Negative 10D Strong . . .
|OD strengthened, reducing rainfall over northwest India
and enhancing totals in southern and eastern regions.

This timeline captures how theteraction between ENSO and

b A s % b e e Oy b A s % % IOD phasesnodulated rainfall distribution, marking a cycle

vp, oy By oy by, n, Doy by gy oy Loy y gy fromEl Ni Yo Y Ne udongaide altérndtirg N
Timeline positive and negative IOD events.
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Extreme Rainfall Events 2025
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Rainfall Anomaly Trends in India (1902024)
Based on IMD Gridded Rainfall Data (0°260.25 resolution)

Rainfall Anomaly from Long-term Mean (1901-2024)

A

Rainfall Anomaly: 1901-1950
(vs 1901-2024 mean)

Rainfall Anomaly: 1951-2000
(vs 1901-2024 mean)

Rainfall Anomaly: 2001-2024
(vs 1901-2024 mean)

stitute of Actuaries of India

351

301

251

354
301

251

359

301

3
e

251

Q L u
° ° °
3 3 =1
b= = =
=] p=} =
G| 8 3
20 20 20
154 159 154
109 101 101
N o N
T T T - T U T T T — T T T u T -~
75 80 90 95 100 70 75 80 85 920 95 100 70 75 80 85 90 95 100
L il kel
-100 100 200 -150 -100 =50 0 50 100 150 =300 —200 -100 0 100 200 300

-200

Annual Rainfall Anomaly (mm)
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Three timesliced anomaly maps compare regional rainfall deviations against the2l2@tlmean

Period Mean Anomaly Key Observations Interpretatlon
(mm) A Historical Deficit: Early 20th century and mid-century periods show persistent
1901- -2mm Northern and central India show below-average rainfall I’alnfa" def|C|tS |n ag I’ICU|tUI’a||yCI‘ItIC8.| Zones
1950 (red zones); pockets of surplus in the south and
northeast. . . . .

ARecentRecovery Post2000 period reflects a shift toward wetter conditionsin

1951— -415 mm Intensified deficit in northern India; southern and D H H H H H

ronn northeasten resions show mocerate positve amomalies. | T1ANY T€QIONS, possibly linked to changing monsoon dynamics and climate
variability.

2001- +2mm Widespread positive anomalies (blue zones), especially

2024 in central and southern India, indicating a recent wetting

trend.

APolicy Relevance Thesetrenw\mﬁ,}geltﬁ@ﬁé@m@jfgg@fgtion water resource
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Drought and Flood Risk Analysis (1901-2024)

District Risk Profile: Drought vs Flood
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Extreme Rainfall Events Analysis (1901-2024)

I Institute of Actuaries of India
Distribution of Extreme

Top 20 Districts by Extreme Rainfall Events (1901-2024) Rainfall Events
[ )
SOUTH WEST KHASI HILLS, MEGH>LAYA Extremely Heavy Rain
SOUTH GARO HILLS, MEGH=LAYA Very Heavy Rain
EAST KHASI HILLS, MEGH=>LAYA
DADRA & NAGAR HAVELI, D>DRA & NAGAR HAVELI & DAM>N & DIU
WEST KHASI HILLS, MEGH>LAYA 1%
SOUTH WEST GARO HILLS, MEGH=LAYA . T%
AL|PUR DUAR, WEST BENGAL
LIMPONG, WEST BENGAL
VALSAD, GUJAR=T
LOWER DIBANG VALLEY, ARUN>CHAL PRADESH
RAYGAD, MAH>R=>5H
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EAST, SIKKIM
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KOCH BIHAR, WEST BENGAL
LOHIT, ARUN>CHAL PRADESH
AR, MAH>R>SHTRA N
THANE, MAH=R>SHTRA Heavy Rain
NAMSAI, ARUN>CHAL PRADESH
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Number of Extremely Heavy Rain Days (>204.5mm)
Distribution of Maximum Daily Rainfall across Districts
== Mean: 223.8 mm
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H 07 ict State Max Rain
@
% 0.6 1 SOUTH WEST KH{ MEGH=>LAYA 949 mm
% 2 SOUTH GARO HI MEGH=>LAYA... 742 mm
E 0.5 3 LOWER SUBANSIf ARUN=CHAL .. 569 mm
E 0.4 4 VALSAD... GUJAR>T... 544 mm
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T
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=]
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Top 20 Districts by Monsoon Rainfall (JJAS) Monsoon Rainfall Variabi

ity across Districts

== Mean CV: 30.4%
UDUPI, KARN>TAKA

SOUTH WEST KHASI HILLS, MEGH=LAYA
KASARAGOD, KERALA

RAYGAD, MAH=R>SHTRA

AL|PUR DUAR, WEST BENGAL
DAKSHINA KANNADA, KARN>TAKA 200 4
SOUTH GOA, GOA

NORTH GOA, GOA

SINDHUDURG, MAH=R=>SHTRA
RATNAGIRI, MAH>R>SHTRA

EAST KHASI HILLS, MEGH=LAYA
SOUTH GARO HILLS, MEGH>LAYA
JALPAIGURI, WEST BENGAL
KALIMPONG, WEST BENGAL 100
THANE, MAH>R=SHTRA
KOZHIKODE, KERALA

DARJILING, WEST BENGAL
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Probable Frequency of Heavy, Very Heavy and Extremely Heavy
Rainfall Events (Number of Days): JJAS (1901 to 2019)

[T india District
Number of Days

[T india District
& Number of Days
‘[ |No Data ji‘f‘?:'a
Mot —pe
W72 | E
W24 M so-s6
W52 W7 106
@ | India District India District
Institute of Actuaries of India
(Based on IMD daily rainfall of rain gauge stations.) b ( Based on IMD daily rainfall of rain gauge stations.) b
e aitan Events (Number of Days): J0A6 (1901t 2019
o Terminology Rainfall range in mm
EZ?; Heavy Rainfall 64.5- 115.5
-46::3:_ )
o Very Heavy Rainfall 115.6-204.4
Extremely Heavy rainfall Greater or equal to 204.5
Source:

https://imdpune.gov.in/hazardatlas/extr rainfallnew p2011 20:
I
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CMIP6 Climate Projections: SSP24.5 vs SSPEBE8.5 Scenarios A

CMIP6 (Coupled Model Intercomparison Project Phase 6): A global climate modeling framework coordinated by the World
Climate ResearcRrogrammdgWCRP) to compare and improve climate models across research institutions worldwide.

Institute of Actuaries of India

A It provides multimodel ensembles of global climate projections for different emission andesmriomic pathways
(SSPs).

A Model examples used in CMIP6:MIROC6, MBSM1.2, IPSECM6A-LR, CESM2, NorESM2, GFDIESM4,
UKESM1-0-LL, among others.

A SSP24.5 (Intermediate scenario):Shared Socioeconomic Pathway with medium mitigation. Global temperature rise of
~2.113.5°C by 2100.

A SSP58.5 (Highend scenario):Fossilieled development pathway with high emissions; projected warmiisf €4y
2100.

x Key Projections for India (205@100):
-y Temp er aid’C aceossiNgrifC2ntrd India.

-y Frequency of extreme rainfall events over Central & Wes

- Spatially uneven precipitatiah drying in IndeGangetic plains, wetter over coasts and highlands.

Climate Projection Visualization
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https://probablefutures.org/maps/?selected_map=days_above_38c&version=latest&scenario=3&view=mercator#3.51/17.45/79.6

Future Projections of the I ndian Mc

x Monsoon Rainfall Projected to Increase:

A Total JJAS rainfall may rise [8i 14% by 210Qunder high nsitute of Acucres of i
emission scenarios.

A Regional extremes: More int

monsoon seasons expected to become 8 times more frequer

late century. '
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o
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B Models with best monsoon performance
Other models

I Median of all models

W Median of best performing models
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Fraction of very wet summer seasons in the past 50 years
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x Explosive Growth in Extreme Events:
A Heavy rainfall eventgshort bursts of intense rain) expected to
increase by 1% or more.
A Monsoon will be more volatile and unpredictabl®ith swings
between droughts and floods.
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X Socioeconomic & Environmental Impact:
A Agriculture at risk Shifting crop zones, waterlogging, and more
crop failures due to erratic rain.
A Water security threatene®ry and wet years will stress reservoirs
and flood infrastructure.
A Migration and DisastersRuraturban migration, heightened
vulnerability in coast/Himalaya.
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Climate Adaptation & Priority Actions

Early Warning & Forecast-to-Action
A Operationalize sulseasonal & seasonal ENBIOD signals into district advisories.
A Use radar + satellite flood alerts Institute of Acuories of India

Climate-Smart Agriculture
A Dynamic sowing calendars, drougbterant & shorduration varieties, staggered planting.
A Promote micrerrigation + onfarm water harvesting.

Integrated Water Management
A Use seasonal forecasts to operationalize reservoir release rules and conjunctive use.
A Scale watershed recharge.

Urban & Infrastructure Resilience
A Greenblue infrastructure, strengthen drainage & flgmdof transport corridors in metros.
A Heataction plans and canopy/roof cooling in cities with rising WBGT exposures.

Nature-based Solutions & Land Use
A Reforestation, riparian buffer protection, and agroforestry to restore ET and reduce runoff.
A Incorporate LULC change into local projection models

Finance, Institutions & Community Capacity
A Mainstream climateisk into state budgets; expand index insurance & contingent finance.
A Co-produce advisories with local extension services; farmer training on heat and flood safety.
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Some Recent Natural Disasters Due to ENSO
And
Tools and application to monitor and Tracking disaster



Flood in North India
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Flood Monitoring from Radar satellite A
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Cyclone monitorin A
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Land fall ofYaascyclone

Fatalities 20 total
Damage $2.07 billion (2021USD)

Areas affected |Andaman and Nicobar Islandedia (West BengalOdisha JharkhandBihar, Uttar PradesiMadhya
Pradesh BangladeshNepal
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Drought: Droughtoccursdueto deficiencyof rainfall for an extendedoeriodof time, resultingin meteorologicabrought
andcausinglack of soil moistureleadingto extensivedamageo crops,lossof yield, resultingin a watershortagecausing ‘
adverseimpactson vegetation,animals,and people There are various indicatorsfor monitoring droughtin different
temporalscalesIn our presentanalysiswe haveconsideredhe StandardizedPrecipitationindex (SPI) for identifying the
drought SPI is computedfor the cumulativeperiod of four months(JuneSeptembersouthwestmonsoonseasonlt is
computedfor eachyearfor the period1901-2020for all the districtsusingmonthly rainfall dataof districtsandfrequency
of droughtsof eachcategoryiz. moderateseveregxtremedroughtandcombinationof all categoriearecomputed

Institute of Actuaries of India

All Categories (Moderate, Severe and Extreme) Drought Normalized Vulnerability Index
(Based on Standardized Precipitation Index)

Normaized Vulnerabilty Index
Ll (0)
Low (> 0.and <= 0.25 )
I Moderate (> 025 and <= 0.50)
W High (> 0.50 and <= 0.75 )
Very High (> 0.75and <= 1)
India District

Severe
Drought

|~ . Moderate

o Drought
Abnormal

Dry

Neutral
Abnormal Wet
Moderate

£4D0

“Sii Lanka

i

Laccadive Sea
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Drought Monitoring over USA A
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Heat wave Monitoring A
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https://eesinghanil854.projects.earthengine.app/view/heatwavemonitoring
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