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सार — मई 2015 के तीसरे और चौथे सप्ताह में ओडिशा में लगभग दो सप्ताह तक चलने वाली एक अभूतपवूव 

ग्रीष्म लहर (Heat wave) आई, जिसके पररणामस्वरूप मौसम संबधंी खतरे उत्पन्न हुए।  इस अध्ययन में, 25-27 मई 
2015 को अत्यधधक तापमान की एक घटना (Extreme Temperature Event - ETE) घटटत हुई, क्योंकक ओडिशा राज्य 
के लगभग 15 मौसम अवलोकन कें द्रों में अधधकतम तापमान $45^\circ\text{C}$ से अधधक दिव ककया गया, जिसके 
पररणामस्वरूप तीव्र ग्रीष्म लहर चली।  इस अध्ययन में ववभभन्न भूभम उपयोग पररदृश्यों (Land use scenarios) का 
उपयोग करके क्षेत्रीय स्तर पर ऐसी ETE का अनकुरण करने के भलए मेसोस्केल मॉिभलगं फे्रमवकव  (WRF4.0) को कॉजऩ्िगर 
और अनकूुभलत ककया गया है। भारतीय अतंररक्ष अनसुंधान सगंठन (ISRO) के िेटा से वतवमान भभूम उपयोग पररदृश्य के 
आधार पर समय-समहू अनकुरण (Time-ensemble simulation) पर पाया गया अधधकतम तापमान, भारत मौसम ववज्ञान 
ववभाग (IMD) के मौसम कें द्रों की तुलना में अमेररकी भूवजै्ञाननक सवेक्षण (USGS) के िेटा-आधाररत अनकुरणों से अधधक 
सटीक है।  IMD स्टेशन-स्तरीय अवलोकनों के संदभव में ओडिशा में अनकु्रभमत अधधकतम तापमान की औसत प्रनतशत 
त्रटुट 25 मई 2015 को क्रमशः 1.6% (ISRO) और 3% (USGS) थी, िबकक 26 मई 2015 को क्रमशः 4.2% (ISRO) 
और 4.7% (USGS) थी। ISRO िेटा (अधधक शहरीकृत) पर आधाररत अनकुरण की तुलना में, ओडिशा में ववभभन्न स्थानों 
पर अनकु्रभमत क्षैनति सतही हवा USGS िेटा पर आधाररत अनकुरण के भलए अपेक्षाकृत अधधक है। भूभम उपयोग में 
पररवतवनों का तात्पयव सतही खुरदरेपन की लंबाई (Surface roughness length) में वदृ्धध से है, जिसके पररणामस्वरूप 
सतही हवा की गनत में कमी आती है।   मॉिल से आद्रवता, बटहगावमी दीघवतरंग ववककरण (Outgoing Longwave Radiation 
- OLR), संवहनी उपलब्ध जस्थनति ऊिाव (Convective Available Potential Energy - CAPE) और संवहनी अवरोध 
(Convective Inhibition - CIN) आटद का ववश्लेषण करके इसके गनतक पहलुओ ंका भी अन्वेषण ककया गया है। पनुः 
ववश्लेषण उत्पादों (Reanalysis products) के साथ इसका सत्यापन मॉिल के उस प्रदशवन का समथवन करता है िो क्षेत्रीय 
ग्रीष्म लहर के अनकूुल वातावरण को दिव करता है।  भूभम उपयोग ववश्लेषण से पता चलता है कक 1992 और 2015 के 
बीच राज्य-व्यापी शहरीकरण में लगभग 0.4% की वदृ्धध हुई थी, जिसमें सबसे अधधक प्रनतशत वदृ्धध भुवनेश्वर, संबलपरु, 
झारसुगुिा और सुंदरगढ़ जिले के राउरकेला िसेै शहरों में हुई, िहााँ ननयभमत रूप से मई के महीने में ग्रीष्म लहर का 
अनभुव होता है और इसे अनकूुभलत एव ंकैभलबे्रटेि मॉिल कॉजऩ्िगरेशन द्वारा सटीक रूप से अनकु्रभमत ककया गया है। 
शहरी ववस्तार और बदलती फसल प्रणाभलयों के संदभव में भभूम-उपयोग पररवतवन, मानविननत गनतववधधयों में वदृ्धध के 
साथ, अधधकतम तापमान में वदृ्धध से सीधे तौर पर िडुे हुए हैं। 

 

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 26th 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 –  Heat-wave, Extreme temperature, WRF Model, ISRO, USGS, Urbanization. 

 

 

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). 

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 


