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Abstract

Background and Objective: Studies show that the role of thermal remote sensing in the study and
estimation of land surface temperature is very important. Land surface temperature is a very
important indicator in the study of energy balance models at the land surface on a regional and
global scale. Given the limitations of meteorological stations, remote sensing can be a suitable
alternative for estimating land surface temperature. The main goal of this research is to monitor
land surface temperature using satellite images in the years 2003, 2013, and 2023. For this
purpose, the relevant images were first obtained and the necessary pre-processing was applied to
each. Then, modeling and determination of the radiation and heat balance of the images were
carried out. Finally, in order to monitor land surface temperature, a surface temperature map of
Aslandoz Towhship was extracted.

Methodology: In this study, Landsat satellite images from 2003, 2013, and 2023 were used to
investigate and assess the feasibility of using solar radiation energy. ENVI software was used to
perform the relevant calculations, and ArcGIS software was used to prepare the map. One of the
applications of thermal images is to prepare thermal maps to determine isothermal zones.

Results and Findings: The results showed that in 2003, the earth's surface temperature increased
from 40.10 to 42.49 in 2013, and finally, due to climate change and rapid and severe human
intervention in nature, it increased sharply to 49.92 in 2023. The results showed that areas with
high vegetation cover and water areas had low temperatures, and areas without vegetation had
the highest temperatures each year. This indicates that this human intervention, the destruction
of forests and pastures, and the expansion of the city have also increased the concentration of
heat compared to 20 years ago. Because vegetation has always been a barrier to heat, has a
moderating moisture, and also has an inverse relationship with the temperature of the earth's
surface.
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EXTENDED ABSTRACT

Introduction

Climate change and its consequences, particularly the steady increase in land surface
temperature (LST), have emerged as critical challenges for human settlements
worldwide. Land surface temperature serves as a fundamental indicator for studying
energy balance models at regional and global scales, providing essential information
about interactions between the Earth's surface and the atmosphere. Urban and peri-
urban areas experience intensified heating through the Urban Heat Island phenomenon,
where built environments become significantly warmer than surrounding rural areas due
to reduced vegetation cover, increased impervious surfaces, and greater absorption of
solar radiation. While meteorological stations have traditionally provided temperature
measurements, their sparse distribution creates fundamental gaps in understanding LST
patterns across heterogeneous landscapes. Remote sensing technology, particularly
thermal infrared remote sensing, has emerged as a powerful alternative for estimating
land surface temperature with extensive spatial coverage and consistent temporal
resolution, enabling systematic monitoring of temperature variations and their
relationship with land surface characteristics. This research focuses on Aslandoz
County, located in the Moghan Plain within Ardabil Province in northwestern Iran, a
region characterized by Mediterranean to warm climate conditions with very hot
summers and moderate winters. The county has experienced significant environmental
transformations over the past two decades, making it an excellent case study for
examining climate change impacts in semi-arid environments where water scarcity,
agricultural dependence, and ecological sensitivity converge. The primary objective of
this research is to monitor land surface temperature dynamics using multi-temporal
Landsat satellite imagery for the years 2003, 2013, and 2023. Specifically, this study
aims to model radiation and heat balance from Landsat thermal data, analyze
spatiotemporal patterns of LST changes over the twenty-year study period, investigate
the relationship between vegetation cover and surface temperature variations, and assess
the implications of observed temperature trends for environmental planning and
sustainable development in the region.

Methodology

Aslandoz County is situated in northern Ardabil Province between latitudes 39°25' to
39°33' N and longitudes 47°22' to 47°47' E, encompassing approximately 160 km? with
the city of Aslandoz located at 160 meters above sea level along the Aras River. The
region experiences extremely hot summers with temperatures frequently exceeding
35°C and mild winters, with precipitation primarily influenced by moisture from the
Caspian Sea and cold air masses from northern latitudes. This study utilized Landsat
satellite imagery acquired during summer months for three time periods: Landsat 5 TM
for 2003, Landsat 7 ETM+ for 2013, and Landsat 8 OLI/TIRS for 2023. All images
were selected based on minimal cloud coverage, downloaded from the USGS Earth
Explorer portal, and subjected to radiometric calibration, atmospheric correction using
the FLAASH algorithm, and geometric correction to ensure accurate spatial registration
across all time periods. Land surface temperature was estimated using the radiative
transfer equation method adapted for each Landsat sensor. Spectral radiance at the
sensor was calculated from digital numbers, at-sensor brightness temperature was



derived using the inverse Planck function, and land surface emissivity was estimated
using the Normalized Difference Vegetation Index (NDVI) threshold method. Net
radiation balance components were modeled to understand the energy budget at the land
surface. Spatial analysis and map production were conducted using ENVI 5.3 and
ArcGIS 10.8 software packages, with LST maps classified into appropriate temperature
intervals to visualize spatial patterns and temporal changes. Descriptive statistics and
temperature change detection through image differencing were performed, and the
relationship between vegetation cover and LST was examined through comparative
analysis of temperature values in areas with varying NDVI classifications.

Results and Findings

The analysis of Landsat imagery revealed substantial and accelerating increases in land
surface temperature across Aslandoz County over the twenty-year study period. In
2003, LST values ranged from 22.70°C to 40.10°C, with the highest temperatures
concentrated in barren lands and sparsely vegetated areas. By 2013, LST values had
increased significantly to range from 23.70°C to 42.49°C, representing a mean
temperature increase of approximately 2.39°C, with particularly pronounced warming
observed in peri-urban areas and rain-fed agricultural lands converted from natural
rangelands. The most dramatic temperature escalation occurred between 2013 and 2023,
with LST values ranging from 26.43°C to 49.92°C, representing an unprecedented
increase of 7.43°C in maximum temperature over a single decade and a total increase of
9.82°C over the entire study period. Consistent patterns emerged across all three study
periods regarding the relationship between land surface characteristics and temperature
distribution. Areas with dense vegetation cover and water surfaces consistently
exhibited the lowest LST values, maintaining temperatures 8-12°C lower than adjacent
barren lands. Conversely, areas devoid of vegetation cover—including barren lands,
degraded rangelands, and built-up surfaces—consistently recorded the highest
temperatures each year. The urban heat island intensity increased from approximately
2.5°C in 2003 to 5.8°C in 2023. The observed LST increases reflect the compound
effects of background climate change and intensive local human interventions including
deforestation, conversion of rangelands to agriculture, and urban expansion, which have
progressively diminished the region's natural thermal regulation capacity. The
accelerating warming trajectory suggests that positive feedback loops between
vegetation loss and temperature increase have become firmly established in the study
area.

Conclusion

This research provides compelling evidence of substantial and accelerating land surface
temperature increases in Aslandoz County, with maximum temperatures rising from
40.10°C in 2003 to 49.92°C in 2023—a warming trajectory of approximately 0.5°C per
year that far exceeds global and regional background rates. The findings demonstrate
unequivocally that vegetation cover serves as the primary natural mechanism for
thermal regulation in this semi-arid environment, and that progressive vegetation
removal through anthropogenic activities has severely compromised this regulatory
capacity. Continued warming at current rates would have catastrophic consequences for



agricultural productivity, water resource availability, ecosystem integrity, and human
habitability in the region, threatening food security, intensifying water scarcity, and
creating increasingly challenging conditions for human settlement. Based on these
findings, urgent measures are required to protect and restore vegetation cover
throughout the county, including reforestation of degraded riparian corridors,
conservation of remaining natural vegetation, and integration of green infrastructure
into urban development. Land use planning regulations should restrict further
conversion of natural and agricultural lands to built-up uses, while urban development
should adopt heat mitigation strategies including cool surfaces, urban forestry, and
water-sensitive design. This study demonstrates the considerable value of remote
sensing technologies for environmental monitoring in data-sparse regions and provides
a replicable methodology for LST assessment across similar semi-arid environments.
Future research should extend this analysis to longer time series, incorporate additional
environmental variables, and develop predictive models to support evidence-based
climate change adaptation strategies.

Declarations
Funding: This research is supported by the University of Mohaghegh Ardabili.

Authors’ Contributions: All authors contributed equally to the conceptualization and writing
of the article. The authors approved the manuscript’s content and agreed on all aspects of the
work.

Conflict of Interest: The authors declare no conflict of interest.

Acknowledgments: The authors extend their gratitude to all scientific consultants who provided
invaluable insights during this research.

References

Alavi Panah, K., 2009, Thermal Remote Sensing and its Application in Earth Sciences.
Second Edition, Tehran, University of Tehran Press.

Akbari, E., Ebrahimi, M., Fiezizadeh, B., and Nezhadsoleimani, H., 2016, Evaluating
Land Surface Temperature related to the Land use Change Detection by Satellite
Image (Case study: Taleghan Basin). Geography and Environmental Planning,
26(4): 151-170.

Amini Bazyani, S., Zare Abyaneh, H., and Akbari, M., 2014, Estimation of Surface
Temperature and Cropping Intensity in Hamedan Province Using Remote
Sensing Data. Physical Geography Research Quarterly, 46(3): 333-348.

Chen, Q.J., Ren, Z. and Li, C.Ni. 2009 Urban Heat Island Effect Research in Chengdu
City

Based on MODIS Data In Proceedings of 3rd International Bioinformatics and Beijing,
China, 11-13 June, 1-5.

Darvishi, S., Soleimani, K., and Rashidpour, M., 2019, Impact of vegetation indices and
urban surface characteristics on land surface temperature changes (Case study:
Sanandaj city). Journal of RS and GIS for Natural Resources, 10(1): 17-35.

Heydari, A. , Nazari Samani, A. , Farzin, M. and feiznia, S. (2021). Modeling of factors
affecting the anomalies of the coastal water temperature of the Persian Gulf in



Hormozgan Province and its relevance with geomorphometric indices. Journal
of Hydrogeomorphology, 8(27), 161-139. doi: 10.22034/hyd.2021.45107.1582

Feyzolahpour, M. (2023). Investigating the effectiveness of Random Tree Algorithm
(RTC), Maximum Likelihood (MLC) and Support Vector Machine (SVM)
models in detecting the changes in the water area of Lake Neor and the effect of
these changes on the surface temperature. Journal of Hydrogeomorphology, (), -.
doi: 10.22034/hyd.2023.58342.1706.

Feyzolahpour, M. (2024). Measuring the spring and autumn fluctuations of land use
indices (LULC) using support vector machine (SVM) method and analyzing the
correlation relationships of LST with NDBI, MNDWI and NDV1 indices (in the
Heyran Pass area). Journal of Hydrogeomorphology, 11(38), 39-19. doi:
10.22034/hyd.2023.56988.1699.

feyzolahpour, M. (2024). Measuring the spring and autumn fluctuations of land use
indices (LULC) using support vector machine (SVM) method and analyzing the
correlation relationships of LST with NDBI, MNDWI and NDVI indices (in the
Heyran Pass area). Journal of Hydrogeomorphology, 11(38), 39-19. doi:
10.22034/hyd.2023.56988.1699.

Kakeh Mami, A., Ghorbani, A., Kayvan Behjoo, F., and Mirzaei Mosivand, A., 2017,
Comparison of visual and digital interpretation methods of land use/cover
mapping in Ardabil province. Journal of RS and GIS for Natural Resources,
8(3): 121-134.

Khosravi Younes, Heydari Mohammad Ali, Tavakoli Azadeh, Zamani Abbas Ali.
Studying the relationship between temporal changes in land surface temperature
and spatial patterns of land use changes (case study: Zanjan city). Spatial
Planning and Geomatics. 2017; 21 (3): 119-144.

Jafarzadeh, J. and Hassanitabar, S. M. (2022). Application of remote sensing in
extracting ground surface temperature and examining its compliance with land
use patterns. Remote Sensing and GIS Applications in Environmental
Sciences, 1(1), 51-66.

Ronald, C., Estoque, M., and Yuji, M., 2017, Effects of landscape Composition and
pattern on land surface temperature An urban heat island study in the
megacities of Southeast Asia. National Library of Medicine, 15(577): 349-359.

Sobrino, A., Juan, C., Jimenez-Munoz. Leonardo Paolinib, (2014). Land surface
temperature retrieval from LANDSAT TM 5. Remote Sensing of Environment,
90, 434-440.

https://www.academia.edu/6296133/Land_surface_temperature_retrieval_from LAND
SAT_TM _5Shi, Y., Katzschner, L., Ng, E., 2017, Modelling the fine- scale
spatiotemporal pattern of urban heat island effect using land use regression
approach in a megacity. Science of the Total Environment, 618(15): 891-904.

Oke, T.R. 1973. City size and the urban heat island. Atmospheric Environment 7.769-
779.

https://scholar.google.com/citations?user=x_J200QAAAAJ&hl=en .Moradi, M.,
Salahi, B., and Masoodian, S., 2016, Analysis of land surface temperature
gradient of Iran using MODIS Terra and Aqua data. Physical Geography
Research Quarterly, 48(4): 517-532.

Zhong, X., Huo, X., Ren, C., Labed, J., and Li, Z, L., 2016, Retrieving Land surface
temperature from hyperspectral thermal infrared data using a multi-channel
method. Sensors, 15(16): 671-687.



