Abstract

India, with its diverse geography and climate, experiences significant temperature variations. The
National Crime Records Bureau (NCRB) reports that heat is a leading cause of mortality due to
natural causes, contributing to 15%-18% of annual deaths, second only to lightning. One-third of
these deaths occur in cities. Currently, 35% of the population lives in urban areas, which is
expected to exceed 50% by 2050 due to rapid urbanization. Global temperatures have risen by
0.85°C since 1880, with further increases anticipated, particularly affecting human health in
developing countries' cities. Heat waves pose higher stress risks, especially for vulnerable

populations lacking adaptation resources.

Studies on heat in India primarily focus on heat waves, but other factors like humidity,
wind, solar radiation, and livelihood also affect human physiology. Heat stress occurs when the
body cannot dissipate heat, leading to heat strain. While studies highlight rising heat wave
frequencies, limited research has examined heat-stress vulnerability in specific cities and
workplaces, often considering only temperature and humidity. However, wind and solar radiation

are crucial and should not be overlooked.

India's diverse climates and rising temperatures, coupled with more frequent heat waves,
pose environmental challenges. Heat stress affects ecosystems and human health, impacting
agriculture, crop yields, and livestock. Vulnerable populations, such as the elderly and those with
pre-existing health conditions, are particularly at risk from prolonged high temperatures.
Recognizing heat-related incidents as a leading cause of mortality underscores the urgent need for

comprehensive public health strategies. Existing heat stress indices, developed in temperate zones,
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are inadequate for India’s diverse climates. There is a need for an India-specific index to assess
heat-stress conditions accurately. Additionally, there is a lack of comprehensive assessments of

heat-stress burden and vulnerability at the regional level, essential for effective policymaking.

This study used ERA-5 atmospheric reanalysis data from 1979 to 2020 to propose an India-
specific heat index (IHI) and comfort thresholds, incorporating air temperature, relative humidity,
wind speed, and solar radiation. The IHI and threshold values were applied to a climatological
study of heat stress, assessing the burden and vulnerability across India at district and city levels.
These thresholds were tested using a semi-parametric quasi-Poisson generalized additive
regression model on mortality data from Delhi, Varanasi, and Chennai, representing semi-arid,
humid subtropical, and tropical wet and dry climates, respectively. These zones cover over 75%
of India’s area and are home to about 88% of its population. The study estimated the relative risk

of mortality due to heat stress on both heatwave and non-heatwave days.

Additionally, the study examined heat stress in 2010 and projected conditions for 2030
under different climate change scenarios (RCP 4.5 and RCP 8.5), accounting for aerosol direct
radiative feedback. Another chapter focuses on urbanization's impact on heat stress, examining
over a hundred cities. Urbanization was assessed using land use and land cover (LULC) data from
the European Space Agency Climate Change Initiative (ESA CCI), land surface temperature (LST)
data from MODIS Aqua, and the IHI for heat stress conditions. Global urban population data from

LandScan Global were used to analyze population changes.

The study found increasing vulnerability to heat stress across India, with humid
subtropical, semi-arid, and tropical wet and dry regions most affected. Districts are becoming more

vulnerable, with extreme class exposures increasing almost threefold in the last four decades. Heat
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stress has risen by 2 to 2.4°C in India under climate change scenarios over the last 40 years. With
pollution mitigation, heat stress is predicted to increase. As temperatures and heat stress rise, the
diurnal temperature range (DTR) decreases, reducing heat dissipation and leading to more health
issues. Mortality risks increase by 6%-8% with each unit rise in extreme comfort classes. Aerosols
modulate temperature and heat stress, suggesting that pollution mitigation efforts might
inadvertently intensify future heat stress, while higher aerosol concentrations could have a cooling

effect.

This study aims to assist administrators in mitigating heat stress impacts, particularly in
rapidly growing urban areas. Additionally, it projects future heat stress under anticipated climate

change scenarios, providing insights for long-term planning and adaptation strategies.
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JALALEY
YRd, 3o fafqy vimfae fRufd SR STdarg & A1y, A8aqul ardas el &1 srva
FRAT S | WA H1gH Repls sgRY, (NCRB) &1 arftfer el ¥ ug wan =rerar § fob i
T i HRUN I gIF aTcl! Jeg BT Udh U™ HRUT &, Sl Al Aidl J 15% -18% 1 INTGH
FRal g, IUT fooren IR § 19 aTelt I S= & §le gk RIF R § | THf & RO g aralt
$d Al B I T T U g did sad W8 d gl & | aad H, YR Bt oo MEet
BT 35% femr 2edt &3 A Tgdr g, Sl doh ¥ g WEIBUT & HRUT 2050 Th 50% I 3w
TR P I | 1880 P TS T e AT H 0.85 °C BT gfG g3 8, M) +t IS Bt ameiepT
Bl ST HROT Y IRy TU Y Ryprasie 20 & et # 7a W@y s gwifd 8 @8

| T Pt T8R afies ard SR SifaH Ul Hvclt §, faRiw 0 & I Si-ie &t o T &
fAuen & forg Sawu® g T H M A AR/ | |

YR § TH TR 37e00 ToT =0 I TTHf B de! (L1 fdeds) R Higd 8, AfbT simeian, ga,
IR fafeor, Ty g sofifaeT aur awrywr onfe S o HR off HTa TRR fagm &) gifad
FRAS | 56 IRR 3T MMIRThdT ¥ 3ifdies T Y, 310 IRR J iepfas aie & Feprira
g B UTdl, q9 98 IRR W AGRIAS YHTT ST 5| T giaroiyg fufq & eror § 7t
&1 TG a1 o Tf-a1a | € | STafd SIeaR 31eaa= THf &t da’l & dgdl sghrdl R
U1 ST &, 6 Aid el ¥ $2 929 weRl 3R sriwyal § g arelt if-a=ma o1
HaeTeiad & off e &t g1 IR 98 U BIc M I A& R &1 a1 T g | 3,
Had AIHH 3R sl IR AR foam ST &, Siaios ga 3R R fafd=or +ff dg@yu § iR
30 ToR3{ETS el fobam ST =Ry |

YR Bt fafdy STaarg $ik dgd aruH= & T1Y-T1Y 31fd IR g4 aral T Bt a8l & HRUT
qaferui gHIfaar Uer @l § | TH-a-1a uiRkfRufae 9 iR AFd Wl & gHTfad SRl
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g, Y oY, wud &t UeeR SR uxped off gvifad 81T § | IRING 0 J FHSR a7,
IRy =U 3 S 5 g9t iR Ugd ¥ ey gaws) ¥ Uifsd an, 9= aee ¥ 3ifde
SIeT & gid & | T ¥ Hefid gerell o §g &R & UgW $RU & ©0 J UgdHH1, T
rdule WA I B ThTd SHTaIDdl B @b BT §| FHRAAr &3f o
I Rd HiSlal dTY d-1a Yadhih, YR &1 fafdy STaarg &= & fore sroaf udia grar g | 39
HRU, TH-d1d & U BT TH da a1 & U Th URA-ARy T@wie 3t

STARAHAI ¢ | 39d SifaRad, i Sraarg aret & TR IR -6 & aigt 3R Adg-=iad
P AP 3MTHa- DI AHT §, Ol Dt T YHTAT ifa Fefor & fom oifa smawas 8 |

3 3egg § ga1 & dIUAM (temperature), WUef TS (relative  humidity), gaT &1
T (wind) 3R IR fafar (solar radiation) @ 2fAE #d §T HRA- ARy 910 Yawie,
2fear gle 23 (IH1) 3R AT YRR W 99 & fafia TR IR UHTal &1 3HTdhad - 8
Ui hHbC ool AaIes UKdTad fhaT TS | 39 3¢9+ & T 1979 F 2020 T &I, Uied!
it &t R X R HifSaH0 3T dar BRBRE & agHSad JAaRayo ser (ECMWF
Re-Analysis, ERA5) ST ITART fosar a1 8 | 1HI 3R 9=1eS AT & ¥ URd | fora 3R
T WTE RMeR! & Fod WGIHRUI & Sl THI I G aTal -1 & S1g1 BT SATHe B 84
29 3regg & fear mar g, 9y g il & a1 R ey uikady geeft sierge & forg oft
ST TANT forarT AT B | Tl T Yadhics aul e dary ARITes BT URieun foeeh, aRTurdt
IR I3 & g T W, I WEfeH Foril-ulsud SRarses tfsfed RI=H Afsa &1
IUTNT FHRab [T T B, ST ShHRT: S1ef-3[h, 3T SUIhieadig 3R Swidsfesea Ma 3fik
I STadrg &1 U #Rd § | 98 diF STadrg, & HRd &I T+ 75% 3 3iferes Ui
& H U5l §U B SiR YR B THTHIT 88% SMTETE! 61 &1 H Xgal & | 31&00 H gicad 3R IR-
gleda gl el o T & dF1g & HRU g & True Siied (Rafea ) &1 A T
T
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& SHfARed, 39 &= T I 2010 TUT 2030 T 1Y UgHUT, fa=IY & TR &1 guTa

3 aTa el & STary WR {69 UHR ERT auT, TH & a9 IR ST 1 THIEG TS, ST
e fpar mar g | T & 9T B oid ®I TR g SR TR ye fafaor ufafsar &
JHgd gU , fafts Siaarg uftads afte=al (RCP 4.5 iR RCP 8.5) & d&d 2030 & forg
3rgTAa fuferat &1 oft s fsar man § |

T 3ear s i, THf & T-Td IR Tgd RGBT b UHTd Bl a1 7T g, Forgd O 3 3ifdrp
ERT P ST P TS | UEABRUT FGdl TR BT Hedibd, R T Toidt Farzhe oo
gffRmafed (ESA CCl) § o8 g o8 Har (LULC) ST, ds TRy cHveR (LST) SeT 3R
Tt e fRufat 3 o 1HI &1 SUahT &vah foren TR 8 | SR URacH b fa=eoor e
& fo ofe3ah Talad & Ty BT SR Sl T SUANT fham T |

3ieggd # g T 6 R YR | W & 9919 & i Haeeiadr 9¢ I8 §, o emg
IuwBfeady, oref-3d iR Iwrsieatiy fid iR Y &5 Jaw 3ifdie guifad g |
31 SRR Bd o 3R 8 | fUed IR ozl # orufies sifad ara i & UTd, Hahd
A & JaY HfIF SRGH a1 TR (veryhot, 3R sweltering) I ARy foral ot Tveam =
T 9% §¢ T ¢ | fUza 40 auf # Sraarg gRkad uikewdl & dgd YRd H 76 &1 a1d 2°C
¥ 2.4 °C d% §¢ T € | UGWUI HH g1 ¥ TH &1 a9 31fIF dg BT 3HH & | o-9 1

T 3R THf 7 T1d dgdT 8, fo Ia & audHE &1 3R, (S8gAd  SHR=R 39, DTR),
HH B S &, Ford dRUr IRR I T & Uipfaes U T ged Bt e FH B ol & , 3R
3P TRy THEE T g € | 1H| & Ui TR & AF® (GHhe day J9giegd ) 91 T
g, forad srafiies uudt (sweltering class) & U@ 3&Ts &1 gfa & W1 TG &R BT SNAH
6% -8% ¢ STdT & | TORIATS drad 3R THf & d-1d B UHIAd B &, TR &1 HHI B
SR TiaRufig aroHT S1fid §¢ Thdl 3, o dT Iad & 3 gy I+ & YAy e
T Yy 7 7Hf F 19 BT 9T Ihd 8, STaf I TR BT WMda UHTd 8 ghdT g |
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Y 3T BT I fa9Y =0 I dolt ¥ dgd W & § Tl & a1a & guTal &) HH B
A URI! B Jerd BT 21 3T SHfaRad, I8 Tafid Saarg uRad uikesdl & dgd
yfaw 7 7l & q 1 Y <=l B, quT Sepiere Aot 3R 3G YuMifaal & forg Side®
UG HRAT |
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