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The Urban Heat Island (UHI) phenomenon, a significant outcome of urbanization and
industrialization, leads to elevated land surface temperatures in urban areas compared to their
surroundings. This study investigates the seasonal variations of Land Surface Temperature (LST) and
the intensity of the Surface Urban Heat Island (SUHI) in Isfahan County using data from MODIS and
TIRS sensors. Satellite images from 2018 to 2023 were retrieved and processed within the Google Earth
Engine (GEE) environment. Three different methods—based on temperature differences between urban
areas and rural, agricultural, and water body zones—were applied to calculate SUHI intensity. The
results show that SUHI intensity is higher during the nighttime, whereas an Urban Cool Island effect is
observed during the daytime, underscoring the significant role of bare soils and wetlands in creating a
thermal inversion of the heat island. Vegetation cover, albedo, and elevation were identified as the most
important biophysical variables affecting land surface temperature, with significant correlations found
between these variables and LST. The highest vegetation cover occurs in spring, contributing to
temperature reduction through evapotranspiration. Additionally, increased albedo reduces heat
absorption by the land surface. The findings highlight the prominent role of thermal interactions among
urban, rural, and aquatic areas in shaping SUHI and emphasize the importance of managing vegetation
cover and high-albedo materials to mitigate the phenomenon's negative impacts. In semi-arid cities such
as Isfahan, the urban heat island effect may manifest as an urban cool island during the day and a heat
island at night; therefore, precise modeling requires remote sensing data from both day and night, along
with consideration of accuracy-related indices.

Introduction

demand and air pollution. Remote sensing with thermal

One significant consequence of urbanization and
industrialization is the Urban Heat Island (UHI)
phenomenon, which elevates Land Surface Temperature
(LST) in urban areas relative to their rural surroundings.
This study investigates seasonal variations in LST and
the intensity of the Surface Urban Heat Island (SUHI) in
Isfahan County using MODIS and Landsat 8 TIRS
satellite data from 2018 to 2023. Urbanization drives
environmental degradation and thermal imbalance,
impacting the local climate and exacerbating health and
environmental  risks—including increased energy

infrared (TIR) data from sensors like MODIS and
Landsat 8 provides an effective means of assessing
UHIs. By examining the influence of biophysical
surface properties, urban morphology, and temporal
factors on SUHI dynamics, this research aims to support
strategies for adapting to urban climate change
(Haashemi et al., 2016; Mendez-Astudillo et al., 2022;
Ramly et al., 2024; Yazdly et al., 2023).
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Materials and Methods

The study area is Isfahan County, covering 15,706
km?. It is located between 51°30'15”E and 51°47'10"E
longitude and 32°30'20”"N and 32°48'10"N latitude. The
region has a dry and semi-arid desert climate, with
elevations ranging from 1,550 to 1,650 meters (Fig. 1).
In the Google Earth Engine environment, we used
JavaScript to process MODIS products (MYD11A1
V6.1 and MYD11A2 V6.1) with a 1 km spatial
resolution and daily/8-day temporal resolution, as well
as atmospherically corrected Landsat 8 Level 2 data (30
m resolution). Daytime and nighttime Land Surface
Temperature (LST) bands from MODIS and Landsat 8
for the period 2018-2023 were used to create monthly
averages for spatial analysis. Three methods for
calculating Surface Urban Heat Island (SUHI) intensity
were employed. These methods are based on the
temperature differences between urban-rural, urban-
agriculture, and urban-water zones, as defined by
Mohammad and Goswami (2021) and Haashemi et al.
(2016).

SUHI1 = LSTuan _ LSTral )
SUHI2 = LSTuran _ I—STagricuIture (2)
SUHI3 = LSTurban - LSTwater (3)

Biophysical variables—including land  cover,

elevation, fractional vegetation cover (FVC), and
albedo—were derived from the following data sources:
ESA WorldCover (10 m resolution) for land cover,
SRTM DEM (30 m resolution) for elevation, and
Landsat 8 imagery (30 m resolution) for FVC and
albedo. Vegetation indices such as NDVI, required for
calculating FVC, were derived from the Landsat data as
follows:

NDVI = (NIR-R) / (NIR. R) 4)

Where NIR and R are the near-infrared and red
reflectance bands respectively (Yaghobi et al., 2019;
Talkhablou et al., 2025). FVC was derived as:

FVC = [(NDVI - NDVIs) / (NDVIv - NDVIs)] (5)
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Where NDVIs and NDVIv represent bare soil and
dense vegetation values, respectively (Feyzi Zadeh and
Gholamnia, 2016).

To retrieve the reflectance coefficient using the OLI
bands, the TM/ETM+ algorithm was utilized:

ashort = 0.365a, + 0.130a; +0.373as +0.085as + 0.072a;
-0.0018 (6)

where asot IS the shortwave total reflectance
coefficient, and
a2, as, as, and a; are the spectral reflectances of OLI
bands 2, 4, 5, 6, and 7, respectively(Liang, 2001;

Haashemi et al., 2016).

Results and Discussion

Daytime and nighttime LST patterns showed the
highest temperatures in July and the lowest in January,
with nighttime normalized LST (NLST) values
consistently higher than daytime values (Fig. 2). Spatial
distributions of NLST reveal urban centers and the
Gavkhouni wetland as the warmest areas at night but
cooler during the day (Figs. 3 and 4), indicating effects
of thermal inertia and the moderating influence of
vegetation and water.
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Fig. 1. Geographical location of the investigated area

SUHI (Surface Urban Heat Island) intensity results
showed that heat island effects were stronger at night
than during the daytime. Daytime "urban cool island"
phenomena were observed, attributable to differences in
heat capacity and albedo between urban areas and their
surrounding rural, agricultural, and water bodies (Fig.
5). Monthly SUHI intensity statistics demonstrated
seasonal variability, with maximum temperature
differences occurring during winter nights and summer
days (Tables 1 and 2).

Correlation analyses revealed significant negative
relationships between daytime NLST and FVC, albedo,
and elevation across different seasons (Table 3).
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Vegetation reduces surface temperature via shading and
evapotranspiration, while higher-albedo surfaces reflect
more solar radiation, reducing heat accumulation.
Elevation showed a negative correlation with
temperature due to adiabatic cooling and atmospheric
processes (Ahrens and Henson, 2022; Barry and
Chorley, 2009; Bonan, 2008; Ullah et al., 2023). In dry
and semi-arid urban contexts like Isfahan, SUHI
exhibits complex diurnal and seasonal dynamics
influenced by human activities, surface materials, and
biophysical factors. The observed daytime urban
cooling effect underscores the importance of
incorporating high-reflectivity materials and vegetation
in urban planning to mitigate heat stress.
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Fig. 2. Box plot of day and night LST and normalized LST data: a) daytime LST, b) nighttime LST, c)
daytime normalized LST (NLST), d) nighttime NLST.

Fig. 3. Spatial distribution of NLST in daytime: a) summer; b) winter
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Fig. 5. Monthly center intensity of surface urban heat island in Isfahan city: a) urban-rural difference method,
b) urban-agricultural difference method, c) urban-water difference method
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Table 1. Monthly SUHI intensity values of daytime with different calculation methods (urban-rural(U-R)),

urban-agriculture (U-A) and urban-water (U-W) approaches

SUHI Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Method

U-R -833 920 -9.36 -9.95 -10.08 -10.62 -9.57 -9.61 -9.80 -9.38 -7.88 -8.99
Difference

U-A -5.02 437 -1.65 1.65 4.41 3.03 219 3.46 218  -141  -343 492
Difference

u-w 582 661 822 10.81 13.22 13.24 13.53 1241 765 465 230 1.306
Difference

Table 2. Monthly SUHI intensity values of nighttime with different calculation methods

SUHI Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct Nov Dec
Method

U-R 6.07 4.82 348 282 296 3.95 4.89 532 4705 4387 3767 5.16
Difference

U-A 4.17 4.17 392 375 452 5.95 5.44 6.25 6.52 5.50 3.90 4.0
Difference

U-w 8.97 8.05 6.29 548 525 6.31 5.84 5.60 6.40 5.38 3.61 4.99
Difference

Table 3. Pearson correlation coefficients between NLST (day) and FVC, albedo and elevation in different

seasons of the year.

Winter Spring Summer Autumn
FvC -0.11 -0.36 -0.50 -0.40
Albedo -0.194 0.160 0.0038 0.048
Elevation -0.58 -0.70 -0.46 -0.47
466
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Conclusions

This comprehensive seasonal assessment of surface
urban heat islands (SUHI), using MODIS and Landsat 8
satellite data, highlights the critical role of vegetation,
surface albedo, and elevation in controlling the urban
thermal environment of Isfahan County. SUHI intensity
varies strongly with both time of day and season,
exhibiting pronounced urban heat accumulation at night
and urban cooling during the daytime in winter months.
The analyzed biophysical variables demonstrate
significant control over land surface temperature (LST)
patterns, emphasizing the need for integrated strategies
incorporating urban greening and high-albedo materials
to mitigate urban heat effects. Continuous monitoring
with high-resolution remote sensing data is essential to
inform urban climate adaptation and public health
policies.
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Table. 1. Monthly SUHI intensity values of daytime with different calculation methods (urban-rural (U-R)), urban-agriculture (U-

A) and urban-water (U-W) approaches

SUHI Method Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
U-R Difference -8.33 -9.20 -9.36 -9.95 -10.08 -10.62 -9.57 -9.61 -9.80 -9.38 -7.88 -8.99
U-A Difference -5.02 -4.37 -1.65 1.65 441 3.03 2.19 3.46 2.18 -1.41 -3.43 -4.92
U-W Difference 5.82 6.61 8.22 10.81 13.22 13.24 13.53 12.41 7.65 4.65 2.30 1.306

Table. 2. Monthly SUHI intensity values of nighttime with different calculation methods

SUHI Method Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
U-R Difference | 6.07 4.82 3.48 2.82 2.96 3.95 4.89 5.32 4.705 4.387 3.767 5.16
U-A Difference | 4.17 4.17 3.92 3.75 4.52 5.95 5.44 6.25 6.52 5.50 3.90 4.0
u-w 8.97 8.05 6.29 5.48 5.25 6.31 5.84 5.60 6.40 5.38 3.61 4.99
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