Journal of Applied and Natural Science
17(2), 802 - 809 (2025)

ISSN : 0974-9411 (Print), 2231-5209 (Online)
journals.ansfoundation.org

ANSF

APPLIEDAND NATURAL
SCIENCEFOUNDATION

Research Article

Estimating extreme heat event over New Delhi Region, India using
Satellite Data

Mohammad Suhail

Center of Applied Remote Sensing and GIS Applications, Samarkand State University,
Samarkand, Uzbekistan

Mohd. Nazish Khan*

Department of Physical Geography and Natural Resources, Samarkand State University,
Samarkand, Uzbekistan

Sachli Ganiyeva

Department of Geomatics, Azerbaijan University of Architecture and Construction, Baku,
Azerbaijan

Abdumuminov Bakhodir Odinaevich

Department of Geography, Termez State University, Termez, Uzbekistan

Dilawez Ali

Department of Geology, Samarkand State University, Samarkand, Uzbekistan

Article Info

https://doi.org/10.31018/
jans.v17i2.6477

Received: December 26, 2024
Revised: May 30, 2025
Accepted: June 05, 2025

*Corresponding author: nazishgeo@gmail.com

How to Cite

Suhail, M. et al. (2025). Estimating extreme heat event over New Delhi Region, India using Satellite Data. Journal of Applied
and Natural Science, 17(2), 802 - 809. https://doi.org/10.31018/jans.v17i2.6477

Abstract

On May 26, 2024, Delhi experienced an extreme heat event, with temperatures soaring to record-breaking levels, exceeding
52°C, which was later revised to 46°C (114.8°F) by the India Meteorological Department.Amidst the controversy surrounding
sensor failures, this study examines land surface temperature (LST) in Delhi using Landsat 9 OLI and MODIS Aqua data, focus-
ing on the extreme heat event of May 26, 2024. This date was selected due to anticipated extreme heat and the availability of
data. Satellite observations revealed temperatures as high as 56°C, with distinct spatial variations across Delhi. The westem
region recorded the highest temperatures, while the eastern region, influenced by the Yamuna River, exhibited cooler condi-
tions. Emissivity values from Landsat (0.970-0.984) and MODIS (0.973-0.987) were analyzed, showing a strong correlation
with surface temperatures: lower emissivity values corresponded to greener areas and lower temperatures, whereas higher
values were linked to elevated temperatures. The study highlights the impact of surface characteristics on thermal behavior and
underscores the role of urban heat islands (UHIs), particularly in northwestern Delhi. These UHIs, driven by industrial activity,
dense settlements, and low-albedo materials, resulted in 2—4°C temperature differences between urban and rural areas, posing
health risks to vulnerable populations. Mitigation strategies such as expanding green spaces and relocating high-emission in-
dustries are recommended to alleviate these risks. Despite the absence of field data, global studies validating Landsat and
MODIS-derived LST support the accuracy of this study’s findings. Thus, the spatial pattern of LST remains reliable even with
minor errors ranging from 1 to 2 °C. The study will help for strategic planning and mitigation measures to address extreme heat
events in urban areas.
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INTRODUCTION

The phenomenon of extreme heat conditions in meg-
acities has captured significant attention from the scien-
tific community, with a concentrated effort to dissect
both the causative factors and the resultant impacts of
such conditions. Despite this concerted focus, the inci-
dence of sudden climate heat outbursts remains an

area inadequately explored within current research
paradigms. Scholars including Armson et al. (2012),
Chen and Lu (2014), White et al. (2014), Abrams et al.
(2015), Berger et al. (2017), and Nda et al. (2018) have
underscored the critical need for more in-depth investi-
gations into these abrupt and severe heat events. Their
collective work emphasizes the necessity of unravelling
the underlying mechanisms and broader implications of
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these intense thermal episodes to inform effective miti-
gation and adaptation strategies in urban environments.
Extreme heat events are characterized by summertime
temperatures that are significantly hotter and/or more
humid than the average for that time of year in a given
location. These conditions can have detrimental effects
on the health of the natural world, particularly humans,
leading to cases of heat exhaustion, heat stroke,
cramping, and even death. Moreover, several studies
describe the phenomenon of urban heat islands (UHI)
as a leading cause of unprecedented severe heatwave
conditions, which often prevail in parts of north In-
dia.This effect is due to the production and absorption
of heat by urban surfaces, which disrupts airflow and
alters the environment's aerodynamic, thermal, mois-
ture, and radiative characteristics. These changes are
driven by factors such as buildings, roads, and other
infrastructure  that absorb and retain  heat
(Gunawardena et al., 2017; Yang et al., 2019; Suhail et
al., 2019; Nugroho et al., 2022).Previous research has
demonstrated the effectiveness of remote sensing da-
tasets for studying land surface temperature, urban
heat islands, and other associated phenomena in both
small and large cities, i.e., Singapore, Guangzhou, Del-
hi, Bengaluru (Weng et al. 2004; Mallick et al. 2013;
Ailian et al. 2014; Grover and Singh 2015; Shahfahad
et al. 2023).

However, amid the publication of controversial tempera-
ture data claiming that Delhi recorded its highest-ever
temperature of 52.9 degrees Celsiuson May 26, 2024
(Anand, 2024; Dayal, 2024), subsequently revised with
new temperature data indicating a reading of approxi-
mately 49.1 degrees Celsius. This data was later
deemed an outlier, prompting an investigation to pro-
vide more accurate information. The India Meteorologi-
cal Department (IMD) reported that several Indian cities
recorded their highest maximum temperature on May
28. These include Agra (Uttar Pradesh), Bhatinda
(Punjab), Churu (Rajasthan), Rewa (Madhya Pradesh),
and among others (Anand, 2024). Experts attribute the
city’s vulnerability to its location, large population, scat-
tered vegetation, and significant construction over the
last two decades. The built-up area has increased from
31.4% in 2003 to over 38% in 2022 (Dayal, 2024). Typi-
cally, the region experiences heat waves in May and
June, with temperatures rarely extending into July and
generally ranging between 45 and 49.1 degrees Celsi-
us.Amid claims and counterclaims regarding the accu-
racy of the extreme temperature event in Delhi, the pre-
sent study was initiated to determine the actual temper-
ature and validate the assertions of government depart-
ments. The objectives included identifying the causes of
this extreme event, understanding its spatial distribu-
tion, investigating why this unprecedented event oc-
curred, and exploring strategies to address similar oc-
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currences in the future.
MATERIALS AND METHODS

Study area

Delhi, the capital city of India, recorded an exceptional-
ly high temperature on May 26, 2024, making it the
focus of this study. The city is situated between 28° 14'
30.00" N, 76° 41' 0.00" E and 29° 0' 0.00" N, 77° 37’
15.00" E. Located on the banks of the Yamuna River,
Delhi lies at an altitude ranging from 213 to 305 meters
above mean sea level. The city spans an area of ap-
proximately 1483 square kilometers and has been ex-
periencing an annual population growth rate of 4.63
percent (Fig.1).

Delhi ranks as India's most populous metropolitan city
and holds the second position globally with a density of
1484 persons per square kilometer. This density under-
scores the significant levels of urbanization and indus-
trialization in and around Delhi, which profoundly im-
pact local weather patterns (Delhi Economic Survey,
2023). The city experiences three distinct seasons:
winter (November to February), summer (March to
June), and monsoon (July to October). While the mon-
soon season typically spans from June to September,
Delhi received approximately 87% of its total rainfall
during this period.

Data source and methodology

The present study used Landsat 9 OLI and MODIS
Aqua (Moderate Resolution Imaging Spectro-
radiometer) data to extract Delhi's land surface temper-
ature. MODIS features two sensors, i.e., Terra and Ag-
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Fig. 1. Location map of the study area
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ua. Terra orbits from north to south across the equator
in the morning, while Aqua moves from south to north
in the afternoon. Together, Terra MODIS and Aqua
MODIS scan the entire Earth's surface every 1 to 2
days, capturing data in 36 spectral bands. Further,
Landsat 9, which has been in orbit since September
2021 and operational since February 2022, is equipped
with two sensors: the Thermal Infrared Sensor-2 (TIRS-
2) and the Operational Land Imager 2 (OLI 2), featuring
two thermal infrared bands. These datasets have
shown promising results for global land surface temper-
ature (LST) measurements, as evidenced by various
studies (Barsi et al., 2014; Michael et al., 2015;
Twumasi et al., 2021; Niclos et al., 2023).Therefore, the
remote sensing datasets were located and acquired
from USGS Earth Explorer, specifically for May 26
2024, to carry out the analysis.The algorithm was de-
veloped in ArcGIS 10.5 using the Model Maker tool and
is designed specifically for processing LANDSAT 9 and
MODIS-Aqua data due to its complexity. Landsat 9
data is freely available on the USGS Earth Explorer
website. This study used TIR band 10 to estimate
brightness temperature (Tg) and bands 4 and 5 to cal-
culate the normalized difference vegetation index
(NDVI).

The entire process of calculation was completed, ad
seriatim, in six steps viz., top of atmospheric spectral
radiance (TOAR), radiance to at sensor temperature
(Tg), normalized difference vegetation index (NDVI),
fraction of vegetation cover (FVC), land surface emis-
sivity, and land surface temperature. The land surface
temperature was obtained from the equation as follows
(Suhail, et al, 2019):

= (@)

Where Ts is land surface temperature in Celsius (°C),
Tg is at sensor temperature (°C), A is the central wave-
length of emitted radiance (A = 10.895) (Sayler and
Glynn, 2022), ¢, is land surface emissivity, and p is the
plank constant (calculated as 1.438 X 10°mK) (Avdan
and Jovanovska, 2016). The Tg wasobtained from eq.2
as (USGS, Anonyms):

Tis eq.1

K
—
in| (7o8m) 1]
Where K1 and K2 are conversion constants for band-
specific conversion into temperature obtained from the

metadata file of Landsat — 9. The land surface emissivi-
ty was obtained from eq.3 as (Sobrino, et al., 2004):

&2 = epa(Fye) + ep2(1 = Fye) + G,
Where ¢, and ¢,) are the emissivity values of soil and
vegetation, respectively, while C, is the surface rough-
ness constant taken as 0.005 (Sobrino and Raissouni,
2000). Further, these conditions can be rewritten as:

TB = — 273.15 eq_2

eq. 3

£ NDVI < NDVI,
g = {SM(FW:) +e5(1 — Fye) +C, NDVI, < NDVI < NDVI,

£ + Gy NDVI = NDVI,
Where FVC and NDVI are fractional vegetation cover
and normalized difference vegetation index, respective-
ly, and can be obtained as (Sobrino et al., 2004):

NDVI-NDVI, )2

Fre = (S s eq.4
ve NDVI,—NDVI, q

When NDVI is less than 0, it represents the water pix-
els and the corresponding emissivity is to be assigned
as 0.991, while the NDVI value greater than 0.5 repre-
sents vegetation cover and is to be assigned the emis-
sivity as 0.937. The land and bare soil pixels of NDVI
ranged between 0 and 0.2 and assigned emissivity as
0.996. Moreover, the mid-range between 0.2 and 0.5 is
considered as mixed pixels of soil and vegetation. Ac-
cordingly, the entire image was called for the emissivity
values. Further, the NDVI for Landsat OLI (operational
land imager) — 9 was obtained from the equation (Berra
et al., 2019):

NDVI = (NJ’R (35)—Red(34))

NIR (B5)+Red (B4) eq.5
Where NIR and Red are the near-infrared and red
bands of the OLI sensor respectively. Lastly, the top of
the atmospheric spectral radiance can be obtained
from the equation proposed by the United States Geo-
logical Survey (USGS) website (USGS, Anonyms) for
Landsat — 9 as hereunder:

TOAR — MLQCAL + AL — CB

Where M_ and A_ are band-specific multiplicative and
additive rescaling factors, respectively, while Qca_ is a
standardized pixel value, and Cg is band calibration
bias, as suggested by Avdan and Jovanovska (2016).

eq.6

RESULTS AND DISCUSSION

Government statistics presented contradictory Fig.1s
for the highest temperature observed on May 26, 2024.
The India Meteorological Department (IMD) initially
reported a temperature of 52.9 degrees Celsius for that
Wednesday, but later revised Fig.1 to 49.9 degrees
Celsius, attributing the discrepancy to a sensor failure
at the Mungeshpur weather station (PIB, 2024; https://
pib.gov.in/PressReleaselframePage.aspx?

PRID=2022142). This inconsistency raises significant
concerns about the reliability and accuracy of the re-
ported information. Media outlets have also questioned
the revised data, suggesting it may not be accurate.
This dubious information prompted the current study to
verify the claims and provide accurate temperature
estimates. The investigation included demonstrating
techniques and satellite sensors used to retrieve tem-
perature data. Analysis revealed that both Landsat and
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Table 1. Showing the details of data acquisition, its characteristics, and metadata (https://www.usgs.gov/landsat-
missions/landsat-9; https://Ipdaac.usgs.gov/data/get-started-data/collection-overview/missions/modis-overview/)

Satellite Sen- Da- Date of gz:glad_ Rescaling Factor Thermal Constant
sor tasets Acquisition tion M. AL K K,
Landsat TIRS Band 10 26.05.2024 30 m 0.00038 0.1000 799.0284 1329.241
93” sat- oLl Band4  26.052024 30m 0.009735 -48.6757  N/A N/A
Band5 26.05.2024 30 m 0.005967 -29.8334 N/A N/A
LST Version 0.61
MODIS A Product 26.05.2024 1 km 0.002 N/A MYD11A1 V06
q Band 31 26.05.2024 1 km 0.002 0.49 (LST and B31 & B32
Band 32 26.05.2024 1 km 0.002 0.49 emissivity product)

MODIS recorded temperatures reaching approximately
56 degrees Celsius, slightly higher than the initial IMD
estimates. This study highlights the importance of relia-
ble data collection and underscores the potential of
satellite technology in providing accurate environmental
measurements.

The land surface temperature (LST) over Delhi was
obtained using Aqua (MODIS) and TIRS-2 (Landsat-9)
imagery. Fig.1s 2b and 2d showed that temperatures
across most of the city exceeded the average normal
temperature of 39.9 degrees Celsius
forMay.Furthermore, distinct urban heat island (UHI)
effects were prominently observed in the western and
northern regions of the city, indicating localized areas
of significantly higher temperatures.Global research
indicates that urban heat islands (UHIs) can create
temperature differentials of 2—4°C between urban cen-
ters and their rural surroundings (Suhail, 2016). These
elevated temperatures pose substantial health risks to
urban populations, especially to vulnerable social
groups such as the elderly, children, and low-income
communities. The increased heat can exacerbate heat
exhaustion, heatstroke, and respiratory issues. Howev-
er, implementing mitigation strategies, such as increas-
ing green spaces, improving urban planning, and en-
hancing building materials, can significantly reduce
these risks and improve urban residents' health out-
comes. Analysis of Fig.1s 2a and 2c reveals that Land-
sat-derived emissivity values range between 0.970 and
0.984, while MODIS-derived emissivity values range
between 0.973 and 0.987.

The analysis showed that Delhi was distinctly divided
into two temperature zones, i.e., the eastern region,
depicted in green, had comparatively lower tempera-
tures, while the western region, shown in gamboge,
experienced the highest temperatures. Particularly, the
location of the Mungeshwar weather station coincided
with the high-temperature region due to rapid industrial-
ization and weakening of western disturbances (Fig.3).
Similarly, MODIS data reflected a comparable tempera-
ture distribution across Delhi. The eastern periphery
exhibited the lowest temperatures, while the highest
was estimated at 56.43 degrees Celsius. The average
temperature for the entire city ranged between 37.97

and 56.43 degrees Celsius on May 26, 2024. Central
and eastern Delhi showed relatively lower tempera-
tures, which is attributed to the presence of the Yamuna
River, which transects the region, particularly at the
eastern periphery. This river's cooling effect helps miti-
gate these areas' urban heat island phenomenon. Addi-
tionally, the southwestern region, particularly the Nazaf-
garh area, exhibited higher temperatures due to dense
industrial and commercial activities. In contrast,
Dwarka, situated just below Nazafgarh, experienced
comparatively lower temperatures on May 26, 2024.
This disparity is attributed to Dwarka's well-developed
infrastructure and significant green spaces, contributing
to temperature mitigation. Furthermore, in the northern
region near the Mungeshpur weather station, certain
parcels of land are undergoing constant alteration and
economic activities, leading to higher recorded temper-
atures compared to other parts of Delhi. This continu-
ous development and industrial activity in the vicinity of
the Mungeshpur weather station exacerbate the urban
heat island effect, resulting in elevated temperatures.
Many earlier studies indicate a persistent trend of urban
heat islands, particularly in northwestern Delhi. These
areas are dominated by bare surfaces, asphalt, low-
albedo materials, impervious rocks, high-density build-
ings, construction materials, and extensive road net-
works (Nancy et al., 2022). Additionally, the heat gener-
ated by industrial cooling systems contributes to elevat-
ed temperatures.

The capital has also experienced unprecedented se-
vere heatwaves, predicted for North and Central India
as the monsoon season approaches. These heatwaves
often bring excessive heat before the downpours begin.
Sudden heat outbreaks are possible when long and
persistent heatwaves affect the region. To mitigate
these sudden heat outbreaks, several measures can be
undertaken. Reforesting the area can help reduce sur-
face temperatures and improve the overall urban cli-
mate. Relocating high-emission industries to less popu-
lated areas or implementing stricter emission controls
can also significantly lower local temperatures. These
strategies should be part of a long-term strategic plan
to create a more sustainable and resilient urban
environment.
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Fig. 2. Spatial Distribution of Land Surface Emissivity and Temperature as obtained from Landsat (a & b), and MODIS (c

& d), respectively

Validation

Given the questionable nature of the claim and the re-
ported sensor failure, validating the present assertion
through field-based observation appears unlikely.
Moreover, this weather event was unpredictable and
extreme. However, in studies utilizing satellite-derived
temperature retrieval, product validation is imperative.
Errors in estimates often stem from instrumentation,
emissivity, and cloud proximity. Assuming no instru-
ment error due to continuous calibration by the Landsat
research team, emissivity values were meticulously
considered before LST estimation. However, the impact
of cloud proximity was not factored in, as the data were
devoid of clouds throughout the scene. Several interna-

tional organizations and scientific teams, such as the
Jet Propulsion Lab and NASA, have rigorously validat-
ed Land Surface Temperature (LST) results. These
validated products encompass all Landsat satellite se-
ries and are globally recognized. A study analysed
transmission and cloud proximity to assess Land Sur-
face Temperature (LST) errors under different condi-
tions. Results indicated that 30% of validation data
have root-mean-squared errors (RMSEs) of less than 1
K, while 62% have RMSEs below 2 K. These minimal
errors are unlikely to significantly impact the outcomes
of the present result. A LST uncertainty model was also
developed based on transmission and cloud proximity
analysis, enabling users to select data points as need-
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Fig. 3. Correlation between estimated land surface tem-
perature from TIRS-2 (Landsat 9) and Aqua (MODIS) on
May 26, 2024

ed. Several studies have validated the accuracy of
Landsat and MODIS-derived Land Surface Tempera-
ture (LST) using various methods such as radiosondes,
MODTRAN runs, and in situ emissivity measurements
(Barsi et al., 2014; Laraby, 2017; Cook et al., 2014;
Jimenez and Sobrino, 2004; Guillevic et al., 2017).
These validations reported root-mean-square devia-
tions (RMSD) of 2.2 K and 1.2 K for LST. Numerous
global studies have also been conducted to validate
Landsat-generated LST, with validation errors typically
ranging from 1-2 K (Jiménez et al., 2009 & 2014; Tan
et al., 2017; Duan et al., 2020). Despite these valida-
tions, the present study did not conduct LST validation
due to the minimal effect of 1-2 K and the absence of
field data and government records. Validation typically
requires sophisticated instrumentation, precise ground
estimates, and hourly real-time records, which were
unavailable. The available daily average in situ records
were deemed unsuitable for validation purposes. Fur-
thermore, the spatial pattern of LST is unlikely to signifi-
cantly change when considering the effects of errors
ranging from 1 to 2 degrees Celsius in the present
study.

Conclusion

Amid the claim that Delhi recorded its highest-ever tem-
perature of 52.9 °C on May 26, 2024, which was sub-
sequently revised as 49.1 °C, the study revealed signifi-
cant insights about this extreme event. Remote sensing
data from Landsat 9 OLI and MODIS Aqua was used to
extract and analyze land surface temperature (LST).
The results demonstrated the efficacy of these remote
sensing datasets for LST measurement, contributing

valuable insights into Delhi's temperature dynamics.
The study found a strong correlation between emissivi-
ty and temperature, with lower emissivity linked to
greener, cooler areas. The maximum temperature esti-
mated was 55.68°C, with minimal error between TIRS—
2 and Aqua data. However, it is slightly higher than
initial IMD estimates. The study also identified signifi-
cant urban heat island (UHI) hotspots, with tempera-
tures across most of Delhi exceeding the average May
temperature of 39.9°C. Emissivity values ranged be-
tween 0.970 and 0.984 for Landsat, and 0.973 and
0.987 for MODIS, supporting the accuracy of the tem-
perature readings. The analysis revealed distinct tem-
perature zones, with the eastern region showing lower
temperatures (37.97-39.9°C) and the western region
reaching up to 56.43°C. The Mungeshwar weather sta-
tion recorded temperatures up to 56.43°C, particularly
in industrial areas like Nazafgarh. Central and eastern
Delhi had lower temperatures due to the Yamuna Riv-
er. Weakened western disturbances and human-
induced climate changes contributed to the rising tem-
peratures. Reforestation, upgrading energy infrastruc-
ture, and relocating high-emission industries are rec-
ommended mitigation measures. However, Validating
the extreme temperature claims for May 26, 2024,
through field-based observations is challenging due to
reported sensor failures.Despite minimal field data,
global validations using various methods reported root
mean square errors (RMSE) between 1.2 K and 2.2 K.
Thus, the spatial pattern of LST remains reliable even
with minor errors ranging from 1 to 2 degrees Celsius.
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