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(UHI) effect in Babolsar through the analysis of Landsat satellite imagery acquired
between 1985 and 2020. The TM, OLI, and TIRS sensors were employed to capture
sixteen images corresponding to the summer and winter seasons. The images
underwent atmospheric and radiometric corrections, followed by the estimation
of emissivity values using the Normalized Difference Vegetation Index (NDVI) to
derive land surface temperature (LST) variations. The UHI intensity was
calculated as the difference between the average temperature of suburban areas
and the LST value of the city for each image. The findings revealed that the UHI
effect in Babolsar was more pronounced during the summer than in the winter,
likely due to factors such as increased daylight hours, higher demand for cooling
systems, and reduced vegetation cover during the summer months. Furthermore,
Pearson's correlation test indicated a significant inverse relationship between
NDVI and the intensity of the UHI in both central and suburban areas of Babolsar
at a 99% confidence level. This correlation suggests that urban green spaces may
play a vital role in mitigating the UHI effect. Analysis of thermal maps over the
35-year period and the application of Pearson's correlation test highlighted
elevated temperatures in Babolsar's central regions. Built-up and barren lands
exhibited the highest temperatures, while green spaces exhibited the lowest
temperatures. The decline in vegetation, coupled with an increase in population
and subsequent urban expansion, have collectively contributed to the observed
temperature rise in Babolsar.

Available online:
October 22, 2025

Keywords:
Urban Heat Island, LST,
NDVI, Babolsar

Copyright © 2024 The Authors. Published by University of Mazandaran. This work is published as an open access article
distributed under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses /by-
nc/4). Non-commercial uses of the work are permitted, provided the original work is properly cited.
“Corresponding Author: Taher Safarrad

Address: Department of Geography and Urban Tel: 09370286321

Planning, Faculty of Humanities and Social Sciences, = Email: t.safarrad@umz.ac.ir

University of Mazandaran , Iran.

Taher Safarrad, Yadollah Yousefi, Adeleh Gholizadeh Pasha. Spatiotemporal Analysis of the Urban Heat Island in
Babolsar



https://doi.org/10.22080/usfs.2025.27956.2479
http://creativecommons.org/licenses/by-nc/4
http://creativecommons.org/licenses/by-nc/4
mailto:t.safarrad@umz.ac.ir
https://www.orcid.org/0000-0003-4618-3810
https://www.orcid.org/0000-0002-7628-8093
https://www.orcid.org/0009-0002-7168-9047

Volume 12. Issue 4. 2025. Pages 37 to 56.

N

y/A\ (USFS)

1. Introduction

Climate change, driven by anthropogenic
and natural forces, poses significant
threats to global ecosystems and the well-
being of all living organisms (Li et al., 2014).
Urbanization has exacerbated this issue,
with cities now occupying a larger
percentage of the Earth's surface area
than in previous years (Grimm et al., 2000;
Masek et al, 2000). One significant
consequence of urbanization is the urban
heat island effect, in which built-up urban
areas experience higher temperatures
compared to surrounding rural regions
(Landsberg, 1981). This effect is of great
concern due to its impacts on public
health, energy consumption, and the
environment (Yamamoto, 2006). Research
indicates that the intensity of the heat
island effect varies depending on factors
such as temperature and time of day, with
maximum intensity typically observed at
night and minimum intensity during the
daytime. Moreover, this phenomenon not
only affects temperature but also leads to
changes in urban precipitation patterns,
the timing of plant flowering, and an
extension of the summer season. These
altered temperature patterns lead to the
transfer of air pollution and suspended
particles from urban centers to suburban
areas, negatively affecting the comfort and
health of urban residents. As a result, there
is growing concern among the scientific
community regarding the health impacts
of heat islands.

2. Research Methodology

Landsat satellite data was collected using
the TM, OLI, and TIRS sensors, providing
the means to extract sixteen images of the
city during the summer and winter
seasons between 1985 and 2020. The
images were corrected for atmospheric
and radiometric effects, and emissivity
was calculated through atmospheric

corrections and Normalized Difference
Vegetation Index (NDVI) calculations.
Subsequently, the resulting surface
temperature data was used to quantify the
urban heat island effect by comparing the
average temperature of the suburbs to the
land surface temperature (LST) value for
each image.

3. Research Findings

The urban heat island (UHI) effect refers to
the observation that cities are generally
warmer than their rural surroundings.
This phenomenon is primarily driven by
urbanization, which replaces natural land
cover, such as vegetation and barren land,
with impermeable surfaces. These
surfaces tend to retain less water, provide
less shade, and possess different thermal
properties than their natural
counterparts, resulting in changes to the
local energy balance and contributing to
higher urban temperatures.

An analysis of Landsat data from 1985 to
2020 revealed that the extent of the UHI
increased during both summer and winter,
with the effect being more pronounced
during the summer months. Additionally,
the surface temperature of the city center
was observed to increase during the
summer and decrease during the winter,
likely due to the urban environment’s
increased absorption of solar energy. The
temperature differential between the city
center and the surrounding area led to
forming a small but significant urban heat
island.

4. Conclusion

The analysis of the urban heat island (UHI)
intensity in the study area revealed a
higher UHI effect during the summer
months compared to the winter months.
The increased solar energy absorption in
the urban environment contributed to
higher temperatures in the city center,
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forming a heat island during the summer.
The temperature differential between the
city center and the surrounding area
resulted in a small but significant UHI
effect.

Furthermore, the results of land surface
temperature maps derived from satellite
imagery over 35 years and Pearson's
correlation test indicated that higher
temperatures were generally observed in
man-made areas of Babolsar. These areas
are characterized by different land uses,
such as high urban construction density,
and are influenced by various land cover
types. Proximity to barren lands increased
urban land temperatures, while proximity
to vegetation had a cooling effect.

One of the primary drivers of the
Babolsar UHI effect is the decrease in
vegetation cover and the increase in
population and construction. These
changes can have significant impacts on
various aspects of urban life, including air

quality, greenhouse gas emissions, energy
consumption, public health, and quality of
life. The hottest areas in Babolsar,
constituting the UHI, were identified in
the summer season and areas with high
population density, building density, and
low vegetation cover in the suburbs and
the city center.
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