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AR — #2015 & e 3R G wedw # NEAr H oerenEr o Geae @ Told dlell U YA
IAeq FgY (Heat wave) 37Ts, [T aRomeaeasy g Tath @A 3cdeet gUI 39 T &, 2527 A
2015 &I TS dTIHTT ST Ueh gt (Extreme Temperature Event - ETE) afead §‘é Fifer NfEem T
& AT 15 FIGH gelhed el F FFdH aAT $45Mcirc\text{C}$ ¥ 3% o R am=m, oS
ARUTAETET ey feA o ool 58 3eads 7 fAffes ff 39dler aReedl (Land use scenarios) &
39T ek &Y TR O O ETE T 30T 3t & fav Aeiesher Al thAasd (WRF4.0) &1 HlfehaR
3R rgpfora B aram &1 AR 3aRer egEuE Farea (ISRO) & 3¢T & Il A 39T dReed &
3R TR FHI-TFHG 31I<0T (Time-ensemble simulation) 9X AT 3147 3if¥Ishcial AT9HAT, IR AeA famm=
fasmer (IMD) & #Hiws el & Joar & AR spd=faie Fdfetor (USGS) & Ser-3menia sifseont & 3iftrs
% g1 IMD TRA-FAIT JHacilhell & Hesl & T & IhfAd f¥shdd s Hr siwa gfder
I 25 A 2015 & HAA: 1.6% (ISRO) 3R 3% (USGS) o, Siafh 26 #S 2015 &1 A 4.2% (ISRO)
3R 4.7% (USGS) Il ISRO 3eT (3ifereh 2Mgdighe]) TR 3MEMRA eTah0T &l Jofel #, 33 & fafdeer vt
WA ST AT gaT USGS Sel WX MR ool & foiw 3rdeiepe 31t 81 o 3uier &
aRecial H dcTd A GLeXdsl T oar$ (Surface roughness length) & gefer & 8, s gRumseasy
gy gar Fr Afa F ey 3 §1 Ase F 37gan, S Srda”er fafevor (Outgoing Longwave Radiation
- OLR), @dg= 39ersy EUAST ST (Convective Available Potential Energy - CAPE) 31X Tagell 31avier
(Convective Inhibition - CIN) 3f& T faeelsor oteh e I Tge3it o1 off Ieawor fhar arr g1 I
faeaoT 3curel (Reanalysis products) & AT SHEHT A AlSH & 39 UGUe & AT T & 5 e
A ofgT & 3felshel ATATEROT T Eof AT ¢l A 3TN faeewor & gar =wefar & & 1992 3R 2015 &
ST ToT-cATdY MEAHIOT 3 FIHIT 0.4% HT Faf g5 o, ToreT Ty 3ifreh gfaierd qefer iz, ey,
SIS AR Gos o & T SN et A g, el e ®9 & 7 & AGS F A A H
Y B ¥ 3R 30 IR vd HNs Alse FEwIRYS N WEE & & IEHAT R
AEd FAEIR 3R Feerch wad gonfadi & Fest 7 fA-39der yRads, Aasiag afafafeat & gefr &
|1, IfAFAA ATIA F e & MY AR W 3 g

ABSTRACT. An unprecedented heat wave lasting approximately two weeks occurred in Odisha during the third
and fourth weeks of May 2015, resulting in meteorological hazards. In this study, an extreme temperature event (ETE)
occurred on 25-27th May 2015, with about 15 meteorological observation stations in the state of Odisha recording
maximum temperatures exceeding 45 °C, resulting in an intense heat wave. The mesoscale modeling framework (WRF4.0)
is configured and optimized to simulate ETE at the regional scale in this study using different land-use scenarios. The

maximum temperature from a time-ensemble simulation using the current land-use scenario based on Indian Space
Research Organization (ISRO) data is found to be more accurate than simulations based on US Geological Survey (USGS)
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data at India Meteorological Department (IMD) meteorological stations. The mean percentage errors of simulated
maximum temperatures over Odisha with respect to IMD station-scale observations are 1.6% (ISRO) and 3% (USGS) on
25th May 2015, and 4.2% (ISRO) and 4.7% (USGS) on 26" May 2015, respectively. Compared with the simulation based
on ISRO data (more urbanized), the simulated horizontal surface wind at the different locations in Odisha is generally
higher in the simulation based on USGS data. Changes in land use increase the roughness length, reducing surface wind
speed. The dynamical aspects are also explored by analyzing humidity, outgoing longwave radiation (OLR), Convective
Available Potential Energy (CAPE), and Convective Inhibition (CIN), etc., from the model and validated with the reanalysis
products, which support the model performance in capturing the conducive environment resulting in a regional heat wave.
The land use analysis reveals that the state-wide increase in urbanization between 1992 and 2015 was about 0.4%, with the
highest percentage increase occurring in cities like Bhubaneswar, Sambalpur, Jharsuguda, and Rourkela in the Sundergarh
district, which regularly experience the heat wave in the month of May, and the same are accurately simulated by the
optimized and calibrated model configuration. Land-use change, including urban expansion and shifting cropping patterns,
along with increased anthropogenic activities, is directly linked to the rise in maximum temperatures.

Keywords —

1. Introduction

One of the most important natural resources on Earth
is the landmass. Both human survival and the essential
environmental processes depend on it. Land use is crucial
to achieving long-term economic development and social
benefits. Human demand for land use has increased over
time. As a result, urbanization, reduced agricultural land,
deforestation, and other anthropogenic activities
significantly alter the Earth's landscape, posing several
challenges (Intergovernmental Panel on Climate Change,
IPCC 2007). India experienced an increasing trend in the
frequency and duration of severe heat waves between 1991
and 2000 (Pai et al., 2004 and 2013), resulting in significant
loss of life (De and Sinha Ray, 2000). In 1998, 650 people
died in Odisha due to an intense heat wave (De and
Mukhopadhyay, 1998). Around the globe, there has been a
significant amount of research done on the situation and
processes behind large-scale extreme temperature events,
particularly in North America (Gershunov et al., 2009; Lau
& Nath, 2012) and Europe (Fink et al., 2004; Black et al.,
2004; Schar et al., 2004; Dasari et al., 2014). The
urbanization and land use land cover (LULC) change
patterns (Goswami et al., 2010; Gogoi et al., 2019)
drastically increase the daily maximum temperature
(ground temperature) and the Diurnal Temperature
Range (DTR) in urban cities, affecting the frequency
and intensity of hot days as well as rainfall. Changes in
land use and urbanization modulate the incidence of
heat waves (Mohan and Kandya, 2015; Halder et al., 2016;
Swain et al., 2017). In addition, LULC and urbanization
have been linked to atmospheric aerosol emissions
(Pandey et al., 2017; Kumar et al., 2017), which generally
modify surface temperatures. Using observational
datasets, previous studies (Hulme et al., 1994;
Li et al., 2004; Chung et al., 2004; Ren et al., 2008;
Fujibe, 2008) have documented climate change and its
contribution to increased surface temperatures driven by
urbanization. Understanding the occurrence of heat waves
in a particular geographic region can be enhanced by
analyzing long-term temperature (daily maximum) trends
(Li et al., 2015; Devi et al., 2023).
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Thermodynamic conditions in the pre-monsoon
season are often summarized using indices such as
Convective Available Potential Energy (CAPE) and
Convective Inhibition (CIN), which provide compact
diagnostics of instability, moisture availability, and the
“cap” that limits convective initiation; these diagnostics are
particularly relevant in heat-wave environments where
suppressed convection can allow extreme surface heating
to persist (Mbokodo et al., 2020; You and Wang, 2021;
Sahu et al., 2022). Over eastern India (including Odisha),
climatological analyses for 1987-2016 show coherent pre-
monsoon patterns in CAPE and CIN, with relatively higher
CAPE and lower CIN over coastal Odisha and West Bengal
(Sahu et al., 2022; Tyagi et al., 2022; Mahato and
Satyanarayan, 2025). Long-term station analyses over
Bhubaneswar, Kolkata, and Ranchi show increasing
humidity and indicate that thermodynamic-index
thresholds can shift across decades, requiring region- and
period-specific interpretation under climate change (Sahu
et al., 2020; Sethi et al., 2025; Beuria et al., 2025).

Only a few studies are available on the resulting
changes in surface temperature from LULC changes.
Those studies are limited to select metropolitan cities
(Nayak and Mandal, 2012; Jalan and Sharma, 2014; Grover
and Singh, 2015; Singh et al., 2017) and focus primarily on
urbanization (Ren et al., 2008; Jiang et al., 2015; Fan et al.,
2017). The combined effects of LULC changes and
greenhouse gases, of which about 50% was attributed to
land-use change, are causing surface temperatures across
western India to rise by about 0.13 °C/decade (Nayak and
Mandal, 2012). Additionally, the 53% rise in the built-up
area was attributed to an area covering 26.4% (2001) and
65.3% (2011) of New Delhi with DTR below 11°C (Mohan
et al, 2011 and 2012; Mohan and Kandya, 2015).
The impact of land use change on climate variability
in Indian regions has been the subject of a limited
number of scientific studies (Niyogi et al., 2011; Mohan
and Kandya, 2015; Nayak and Mandal, 2012 and 2019),
and the overall picture of this impact on the coastal state
of Odisha remains unclear. There are limited studies on
heat waves (Gouda et al., 2017) linked to changes in LULC



