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IMD seamless forecasting system

Time of Issue Forecast Service Validity

Seasonal Range 1-3
Forecast months

Extended Range
Forecast

Medium Range

Short Range
Forecast

IMD monitors and provides impact-based
early warning services for various
meteorological disaster events at
different temporal and spatial scales
through NWFC (New Delhi), RMCs, and
MCs by using multi-model forecasting.
Key heat-related information provided:

 Maximum & minimum temperature

« Relative humidity and winds

« Heat Index and percentile-based
thresholds

« Heatwave and extreme temperature
warnings

« District-level heat alerts

- |IBF for Heatwave and cold wave
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HEAT WAVE CRITERIA

4

Heat wave is only considered if maximum temperature of 2 station reaches

40°C or mare 37°C or mare 30°C or more for
for Plains fior Coasts Hilly Regions

Criteria 2: Once criteria 1 is satisfied, the departure from normal (calculated based on 1981-2010) should be
Between 4.5 °C to 6.4 °C for a heatwave day
More than 6.4 °C for 2 severe heatwave day

(iters 3. If the maximum temperature is >= 45°C and >=47°C, a
heatwave and severe heatwave is directly declared

WARM NIGHT

Tmax remains 40° C or more. It is
defined based on departures or
actual Tmin as follows:

Warm night: minimum temperature
departure is 4.5° C to 6.4° C.

Very warm night: minimum
temperature departure is >6.4° C.

HOT AND HUMID

When Tmax remain 3° C above
normal with above normal RH.

WARM DAY

When Tmax > 90t Percentile

AT AlgH faaer Qe
INDIA METEOROLOGICAL DEPARTMENT




NORMAL MAXIMUM TEMPERATURE (1981-2020)
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* March: Maximum temperature is about 36-40 deg. C over north Peninsular and adjoining
central India

« April: It is 38-42 deg. C over most parts of central and north Peninsular India

* May: It is 42-44 deg. C over most parts of horthwest, central and north Peninsular India
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¢ NORMAL HEAT WAVES PATTERN

g ) Avg HW Days - March
1961-2000

Average Heat Wave

©) Avg HW Days : May
1951-2010
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OBSERVED HEAT WAVE DAYS IN RECENT YEARS

Observed Heat Wave Days 2025 (March-June)
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FAVORABLE CONDITIONS FOR HEAT WAVE

. Transportation / Prevalence of hot dry air over a region (There should be a region of warm dry air

and appropriate flow pattern for transporting hot air over the region).

. Absence of moisture in the upper atmosphere (As the presence of moisture restricts the

temperature rise).
. The sky should be practically cloudless (To allow maximum insulation over the region).
Large amplitude anti-cyclonic flow over the area.

Heat waves generally develop over Northwest India and spread gradually eastwards & southwards
but not westwards (since the prevailing winds during the season are westerly to northwesterly). But
on some occasions, heat wave may also develop over any region in situ under the favorable

conditions.
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LARGE-SCALE CIRCULATION ASSOCIATED WITH HEATWAVES

* Positive geopotential height anomalies and strong
anticyclonic circulation observed over northern India at
200 hPa, extending down to 500 hPa associated with HW.

* Presence of a quasi-stationary Rossby wave pattern
across the northern mid-latitudes, alternating anomalous
cyclonic and anticyclonic circulations in the mid-latitude
belt

* Blocking high-pressure systems over the North Atlantic
and Europe, Associated anomalous low-pressure system
over Central Asia, leads to suppress intrusion of cold
polar air, leading to enhanced surface warming.

o25 -20 —15 10 =5 5 10 15 20 25 * Persistent anomalous high and anticyclonic flow over

northern India coincide with dominant heatwave activity
Composite anomalies of geopotential height (gpm) and vector winds at (a) 200

hPa level and (b) 500 hPa level during the major heat wave events.

IMD Met. Monograph 2023
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IMPACT BASED HEATWAVE FORECAST BY IMD

- Hot Weather Hazard Analysis for entire country considering
different meteorological parameters like Tmax, Tmin, Wet bulb
temperature, RH, wind etc.

*Hazard and Vulnerability Atlas with respect to Heat Waves for
India.

- Operational Experimental Heat Index
* GIS based Heat Wave forecast and warning Services products
* GIS based Socio Economic exposure products

- Percentile based extreme temperature information
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CLIMATE HAZARDS AND VULNERABILITY ATLAS

« The Hazard maps are prepared based on the Historical Meteorological data,
census data on population and housing density and using different statistical
and mathematical methods.

« Climate vulnerability maps are prepared based on the disaster data from the
annual publication of India Meteorological Department “Annual Disastrous
Weather Reports” for the climate hazardous events that cause casualties in
terms of death and other losses. https://imdpune.gov.in/hazardatlas/index.html

 The Atlas provides districts maps on Hazard events and vulnerability for all the
calendar months and at annual scale.
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HAZARD AND CLIMATE VULNERABILITY ATLAS

Climate Hazard Climate Vulnerability Atlas Summary ‘ About
Wind Hazard Extreme rainfall Lightning Dust Storm HailStorm Drought Thunderstorm
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Percentage of districts and population affected by disastrous weather events in different
vulnerability scales based on normalized vulnerability index

Districts Population Districts Population Districts Population Districts Population
Drought Thunderstorm Cold Wave Floods
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HAZARD ANALYSIS HEAT WAVE & COLD WAVE

Hazard

% of Districts
(Moderate to
Very Highly
Vulnerable)

% of
Population
(Moderate to
Very Highly
Vulnerable)

% of
Districts

(Highly
Vulnerable)

% of
Population

(Highly
Vulnerable)

Most
Vulnerable
State(s)

No. of
Vulnerable
Districts

Cold Uttar
36% 40% 16% 24% Uttar Pradesh Pradesh -
Wave 75
AT FHigH faae Qe

INDIA METEOROLOGICAL DEPARTMENT




VULNERABLE ZONES OF HEAT WAVE

The Normalized Vulnerability
Index (NVI) standardizes the
disaster values to the range
between 0.0 to 1.0.
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Actual Indicator Value - Minimum Indicator Value

Normalzed Value = Maximum Indicator Value - Minimum Indicator Value

Normalized Vulnerability Index

L Inil (o) (Ref. Wu et al. 2002, Karmakar
[ JLow (> 0and <=0.25) et al. 2010, Raskar-Phule and
[ Moderate (> 0.25 and <= 0.50) Choudhury, 2015, O’Brien et al.
B High (> 050 and <= 0.75) 2004, Leichenko, R. et al. 2004
Bl very High (> 075 and <= 1) etc.).

# Ll india District
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ANNUAL HEATWAVE FREQUENCY AND NORMALISED VULNERABILITY INDEX

Total Number of Disasterous Heat Wave Days in Annual
During the Period from 1969 to 2019

“o'
(Based on data from IMD Publication Annual Digaster Weather Report.

Heat Wave Normalized Vulnerability Index
Annual

[1-50
[ 51-200
M 201 - 400
M 401-700
Wo1-113
! India District

&
g
Number of Heat Wave Days m
9]

Normalized Vulnerability Index
[nit 0
[liow(>0and<=025)
Moderate (> 0.25 and <= 050 )
Ml High (> 0.50 and <= 0.75)

Ml Very High (> 0.75and <=1)

‘ India District
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HEATWAVE FREQUENCY AND NORMALISED VULNERABILITY INDEX : APRIL

- | - |
Number of Heat Wave Days ﬂ Normalized Vulnerability Index
1-40 CInil©)
a [E41-100 a [iow(>0and<=025)
M 101- 160 [ Moderate (> 0.25 and <= 0.50 )
MW 161-210 M High (> 050 and <= 0.75)
211-268 M Very High (> 0.75and <= 1)
[ India District [ india District
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HEATWAVE FREQUENCY AND NORMALISED VULNERABILITY INDEX : MAY

Total Number of Disasterous Heat Wave Days in May Heat Wave Normalized Vulnerability Index
During the Period from 1969 to 2019 May

Number of Heat Wave Days Normalized Vulnerability Index

1-40 [Init 0
E41-100 [Ciow(>0and<=025)
M 101- 160 Moderate (> 0.25 and <= 0.50 )
W 1s1-210 Wl High (> 0.50 and <= 0.75 )
: W 211-286 Very High (> 0.75 and <= 1)
Sorf % india District @ | lindia District
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HEATWAVE FREQUENCY AND NORMALISED VULNERABILITY INDEX : JUNE

Total Number of Disasterous Heat Wave Days in June
During the Period from 1969 to 2019

Number of Heat Wave Days
1-30
[Cla1-100
M 101- 160
M 161- 200
201-300
[ india District

(ol O 1] +]

Heat Wave Normalized Vulnerability Index
June

Normalized Vulnerability Index
_INil (0)
[ Low(>0and<=025)
[H Moderate (> 0.25 and <= 0.50 )
[ High (> 0.50 and <= 0.75)
Very High (>0.75and <=1)
[ india District
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Colour Code Alert

Yellow Alert

(Be updated)

Heat Alert

Warning

Heat wave conditions at
isolated pockets
persists on 2 days

Moderate temperature.

Heat is tolerable for general
public but moderate health
concern for vulnerable people
e.g. infants, elderly, people with
chronic diseases

Suggested Actions

(a) Avoid heat exposure. (b)
Wear lightweight, light-
coloured, loose, cotton
clothes. (c) Cover your head:
Use a cloth, hat or umbrella

Orange Alert

(Be prepared)

Severe Heat
Alert for the
day

(i) Severe heat wave
conditions persists for 2
days

(ii) Through not severe,
but heatwave persists
for 4 days or more

High temperature. Increased
likelihood of heat illness
symptoms in people who are
either exposed to sunfor a
prolonged period or doing heavy
work. High health concern for
vulnerable people e.g. infants,
elderly, people

with chronic diseases.

(b) Avoid heat exposure—

keep cool. Avoid dehydration.

(b) Drink sufficient water-
even if not thirsty. (c) Use
ORS, homemade drinks like
lassi, torani (rice water),
lemon water, buttermilk, etc.
to keep yourself hydrated

IMPACT BASED HEAT
WAVE WARNING

Warning Risk Level (green, yellow, amber, red)

§ Medium
£
3 Low
=
Very low
Very low/ Low/ Medium/ High/
Minimal Minor  Significant Severe
Impact .
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NORMAL RH @ 2.30 PM IST/0900 UTC

(a) RH climatology March (%)
30N —
20N —

10N —

30 35 40 45 50 S5 60 65 70 75 80 8 90

(a) RH climatology April (%)

30N —

20N —

30 35 40 45 S50 55 60 65 70 75 80 8 90

(a) RH climatology May (%)

N —

N —

| [
70E 80E 90E 100E

30 35 40 45 50 55 60 65 70 75 80 8 90
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HEAT INDEX (EXPERIMENTAL FORECAST) DATED 30-06-2025

02-07-2025

03-07-2025

HEAT INDEX (°C)

B Less Than 40
40 - 50

B 50 - 60

Bl Above 60

NOT VALIDATED OVER INDIA
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SPECIAL IBF PRESS RELEASE : SEVERE HEATWAVE
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SPECIAL IBF PRESS RELEASE : SEVERE HEATWAVE
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Heat Index (External Forecast) at 1430 IST based On 17-05-2024
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PROBABILITY OF DETECTION OF
HEAT WAVE AT SUBDIVISION LEVEL

All India Probability of Detection (POD)
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Maximum Temperature forecast Verification for SUMMER -2024

Jaipur
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Bikaner Jodhpur

2 /—/ 4 // « The RMSE (Root Mean Square Error) for

, e  —— maximum temperature is lower for the value-
O o o oes s added forecasts than for the GFS model at all

=@ VIODEL FORECAST RMSE e=@==VA FORECAST RMSE =@ VIODEL FORECAST RMSE e=@==\/A FORECAST RMSE times, indicating better precision of operati onal
temperature forecast.
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Ajmer Jaipur Tmax FC verification :
Model FC Vs Value added Forecast
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DECESION SUPPORT SYSTEM (DSS)
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HEATWAVE SERVICES FOR RAJASTHAN : A NW STATE OF INDIA
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A BRIEF ABOUT RAJASTHAN, INDIA

Legend
@ IMD Station

“N1 DEM Value (m)

wem High : 1703

4 = Low:-13

RAJASTHAN

69°E

78°E

Rajasthan is the northwestern state
of India and well known for its
extreme high temperatures in
summer due to its geography and
physiography.

The period of March to June are
considered as summer season in
Rajasthan.

The desert region of west Rajasthan
experiences extreme temperatures
with average 9-11 heatwave days in
the entire season.

The hot and dry South westerly
strong winds prevail over the region
many a times in summer season is
locally called “Loo”.



SEASON & CHIEF WEATHER SYSTEMS IN RAJASTHAN, INDIA

Season

Adverse weather

Weather system

Winter Season
(Jan-Feb)

Pre monsoon or
Summer season
(March-May)

SW Monsoon
(June-Sept)

Post Monsoon
(Oct-Dec)

Cold wave, Cold day, fog,
ground frost, hailstorm

Thunderstorm, Dust storm,
Hailstorm, Heat wave, Warm
night

Heavy Rainfall, thunderstorm &
lightning

Fog, Cold wave

Western Disturbance

Western Disturbance,
Tropical Cyclone
(Occasionally)

Low pressure systems of
BoB & Arabian sea, MTC

Western Disturbance
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EXTREME TEMPERATURES : EVER RECORDED

Ever recorded extreme Minimum Temperature (°C)

.SRIGANGANAGAR
-2.8

Ever recorded extreme Maximum Temperature (°C)
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CLIMATOLOGY OF HEAT WAVE 1969-2022

Station Mean Heat Wave Days Coefficient of Variation
March April May June March | April May June
Ajmer 0.2+0.6 0715 | 0.7+£19 | 1.31£20 3.19 2.07 2.51 1.56
Dabok 0.5+21 04+12 | 04+£1.1 12117 3.94 3.15 2.86 1.47
Jaipur 0.2+0.8 1.0+20 | 11+18 | 1.3+18 3.29 2.07 1.66 1.38
Kota 0.8+1.6 11+22 | 44+44 | 26+ 3.1 2 1.93 1 1.21
Bikaner 1.1+2.1 21+32 2.01 1.51 0.94 1.01
Barmer 1.9 3.1 1.7+3.0 1.6 1.76 1.12 1.36
Churu 1.4+24 22+34 1.76 1.55 0.83 0.87
Sriganganagar 0.2+1.0 3.0+42 4.3 1.41 0.83 0.76
Jodhpur 1.1+1.8 1.0+1.6 1.65 1.65 1.56 1.37
Jaisalmer 1120 1.3+£25 1.8 1.88 1.01 1.11
 Low mean HW frequency with high coefficient of variation is observed
in March.

 The highest mean HW frequency 3-7 days is observed in May with
small coefficient of variation.
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TEMPORAL VARIATION OF HEAT WAVE (1969-2022)

. * Increase in frequency &
intensity of heatwave is

observed in the recent few

. decades.
- Frequency of severe

heatwave is rapidly

. increasing, specially over
the districts of desert
:. region.

 The extreme Maximum

ﬁ Temperatures also shows
an increasing trend over
= o= Lo s s s s mt - s - -, manystations.
i ‘ : ‘ ‘ | | ;m RN m?{WWW (Ref: Subhkaran
Ll Ll |||I|||||Iul‘|‘|||u| Ll |||| ||’I”|H||”|"|I . Mahla, Radheshyam Sharma, 2025)

g 2 F 8 3 8 8 8 % 2 2 B

T AlgH A fosmer
INDIA METEOROLOGICAL DEPARTMENT



https://link.springer.com/article/10.1007/s00704-025-05862-9#auth-Subhkaran-Mahla-Aff1-Aff2-Aff3
https://link.springer.com/article/10.1007/s00704-025-05862-9#auth-Subhkaran-Mahla-Aff1-Aff2-Aff3
https://link.springer.com/article/10.1007/s00704-025-05862-9#auth-Subhkaran-Mahla-Aff1-Aff2-Aff3
https://link.springer.com/article/10.1007/s00704-025-05862-9#auth-Radheshyam-Sharma-Aff2

VARIABILITY OF FREQUENCY OF HEAT WAVE 2019-2024

z Observed Heat wave days in 2019 (March to June)
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(a) HW/SHW Days in March 2022 (b) HW/SHW Days in April 2022
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EXCEPTIONAL HOT
SUMMER : 2022
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(c) HW/SHW Days in May 2022 (d) HW/SHW Days in Summer Season 2022

(March to May)
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WIND AND TEMPERATURE ANOMALY : 2022

fal March 2022, 850 hPa (b) Apri 2022, 850 hﬁa“;g seraed ls © May 2022, 850 hP: = ls . An anﬁ-cyCl()niC wind anomaly is
35°N|s y . o e s
: ~ ~ ~ formed over Rajasthan and adjoining
2N 3 S s areas in the lower tropospheric levels,
E E E
20°Nf3 : 1o < £ < strong A/C anomaly over central parts
) g £ of the NW Indian subcontinent in the
. I ey -] 3 2 . .
: %%W; ™ & g g mid and upper tropospheric levels.
B vz . .
20N B szl | * As the anti-cyclonic anomaly moved
69°E 72°E 75°E 78°E
fich March 2022, 500 hPasEE I Sllghtly northwest ward in Aprll in the
s rwwwas . < WL 8 . .
N e mid and upper tropospheric levels, the
. e 2 g heat zone with above normal
: S : : temperatures 4 °C to 8 °C also shifted
S : H 2 slightly towards the anti-cyclonic flow
I o : H
i SRR | g over northern parts of the northwest
el S T India and adjoining areas.
A SURRPS YRR -8
RN RN Y RN AP Tyl
: o T e e Anticyclonic flow causes sinking air
(9) March 2023, 250 hPaltt i l {h) April 2022, 250 hPaZ 22/ T l . .
s st B R el Mo (subsidence), which suppresses clouds
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WEATHER BULLETINS BY MET CENTRE JAIPUR

1. Extended Range Forecast
. Validity : Next two weeks
. Issued on : Every Thursday

2. Medium Range Forecast

. Validity : Next Seven days
. Issued on : Everyday at 1330 IST & 2030 IST
. Warning : District wise warning (Impact based)

3. Short range forecast/Nowcast

. Validity : Three hours
. Issued on : Every three hour interval
. Warning : District wise & city warning (Impact based)

4. Special Press Release

. Issued on : In case of significant adverse weather system is expected over the region and
updated till the end of significant system like : Cyclone, depression, Heat wave
cold wave, severe thunderstorm etc.

5. Special Impact based Agro advisory : In case of significant adverse weather system



DISSEMINATION OF WARNINGS

1. Website

2. Press briefing

3. Social Media Platforms
WhatsApp

Youtube
Facebook
Tweeter or X

Website

4. CAP SACHET

: All bulletins & Warnings available
: In case of expectation of severe weather

: Dedicated WhatsApp groups for media &

state administration

: Video briefing in regional language,

Daily in Hindi (27K+)

: Regular update (15K+)

: Chief weather observation & warning (58K+)
: Regular update

: For all kinds of warnings dissemination
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The seasonal outlook indicated that normal maximum Temperatures are likely over most parts
of the country, especially with high probability over central India and western peninsular India.
Normal to below normal maximum temperatures are likely over some parts of the western
Himalayan region, Northeastern states, and north Odisha.
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Fig 3.34 Forecast of Heat Wave days during April to June season-2024

IMD follows a seamless unified forecasting strategy for Heat \Waves. This section describes a
heat wave case study based on this strategy utilized in 2024.

The Seasonal outlook for April to June 2024 was issued at the beginning of April 2024 as shown
below: -
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Fig 3.33 Forecast of Maximum Temperature during April to June season-2024
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