Evaluation of Time Series Relationship Between Land Use Changes and
Land Surface Temperature lin Desert Cities (Case Study: Yazd City)

Rahman Zandi '*® | Fatemeh Shahriar 2

1. Corresponding author, Associate Professor, Department of Natural Geography, Faculty of Geographical Sciences and
Planning, Isfahan University, Isfahan-Iran. E-mail: r.zandi@geo.ui.ac.ir

2.,senior expert in geography and urban planning, Hakim Sabzevari University, Sabzevar-Iran.

E-mail: f.shahriar 2023 @gmail.com

Article Info

ABSTRACT

Article type:

Research Article

Article history:

Received: 12 February 2024
Revised: 8 May 2024
Accepted: 19 May 2024
Published: 21 June 2025

Keywords:

land surface temperature
(LST),

land use,

time series,

Google Earth Engine,
Yazd city.

Investigating land surface temperature, as the most important criterion for urban, regional
and local planning, plays an important role in controlling radiation from thermal heating in
biological, chemical and physical processes on the earth's surface. This study aimed to
evaluate the time series relationship between land use changes and land surface
temperature in cities in desert areas in Yazd city using satellite images of the 2020-1987
time series in the Google Earth Engine system. To calculate (LST) using Landsat 5, 7 and
8 thermal band data in these two time periods of 2020-1987, in addition to the supervised
classification method, the discrete window algorithm method was used to calculate
vegetation cover from the normalized difference index (NDVI). The results of the
supervised classification method showed; By comparing the changes in land use area
between 2022 and 1987, it was determined that in 1987, desert areas had the largest area
with (1815.14) square kilometers, and in 2022, residential areas had the largest area with
(74.18) square kilometers. The smallest area in 1987-2020 was related to garden and forest
lands with (34.49) square kilometers and in 2022 with (2.52) square kilometers,
respectively. The amount of vegetation change in 1987 with (11.99) square kilometers had
the smallest area compared to 2022 with (13.04) square kilometers. The results of
temperature changes showed that the maximum and minimum temperatures in 1987 were
(60-61) degrees Celsius compared to 2022 with (19-33) degrees Celsius, with temporal and
spatial changes. By examining the average annual temperature and precipitation in
different seasons of the year until the horizon of 2045, it was determined that the increase
in annual temperature has caused a decrease in precipitation in different rainy seasons of
the year, so the highest temperature will occur in the spring and the lowest amount of
precipitation in the fall. The results of the present study can be of great help to energy
planners, designers and urban managers in the direction of sustainable development
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Introduction

Changes in land cover cause changes in the temperature of the earth's surface (Heylemariyam et al., 2018). Therefore,
knowledge of changes in land use, vegetation and surface temperature in each region and the process of their temporal and
spatial changes during different time series is important in urban planning. Therefore, for the optimal use of land, it is
necessary to know about land use changes (Pour Ahmed et al., 1401: 16). Therefore, according to the main goal of the
research on the evaluation of the relationship between the time series of land use changes and the temperature of the land
surface, in the cities of desert regions such as Yazd, it is necessary to use the Google Earth Engine system and the extraction
of thermal bands (TM-OLI- ETM+) and collecting the data from meteorological stations of Yazd city, to examine the
climatic changes of temperature and annual rainfall between 1987 and 2022, considering the amount of temperature and
rainfall until the next 30 years (2045). Also, by calculating land use changes and NDVI index, the amount of land and
vegetation changes was obtained in Arc GIS software according to the temperature changes of each land use.

Data and Method

In terms of practical purpose, this research has calculated the images taken from the time series 1987-2022 using the USGS
satellite images and Google Earth Engine using the supervised classification method and the separate window algorithm
method. Therefore, satellite images were extracted from thermal band 6 in Landsat 5 sensor TM year (1987 to 2000), Landsat
7 sensor ETM+ year (2000 to 2013) and thermal band 11-10 Landsat 8 sensor OLI year (2013-2022). Maps related to the area
of land use changes and vegetation classification using index (NDVI) and land surface temperature (LST) have been
calculated in the Arc Map environment. To calculate the temperature of the earth's surface in 2022, the separate window
algorithm method was used from Landsat 8, and to calculate the temperature of the earth's surface in 1987, Landsat 5 was
used in terms of Kelvin and degrees Celsius. To prepare a map of land use changes from Landsat 8 and 5 images, the lands
are divided into five categories (gardens and forests - vegetation - residential areas - barren lands - desert areas) and the
vegetation is divided into 3 classes (barren lands - vegetation - garden lands ), were classified. To calculate temperature
changes in different seasons of the year using the Yazd synoptic station, temperature and precipitation data for the years
(1987 to 2022) to the next 30 years (2045) have been taken.

Results and Discussion

The supervised classification results showed; By comparing the changes in land use between 2022 and 1987, it was
determined that in 1987, desert areas with (1815/1416) square kilometers had the largest area compared to residential areas
with (74/1861) square kilometers in 2022. The lowest area in these two years, garden-forest lands with (34.4934) square
kilometers and in 2022 with (2.5281) square kilometers, and vegetation area with (11.9916) square kilometers, compared to
2022 It has decreased by (13.0455) square kilometers. The results of NDVI index for 1987, background temperature (0.36)
and minimum (0.02) in 2022, background temperature (0.44) and minimum (-0.05) were obtained. The map of land surface
temperature (LST) showed that the maximum and minimum temperature of 1987 was equal to (60-61) degrees Celsius
compared to the year 2022 with values of (19-33) degrees Celsius with temporal-spatial changes. The results of the average
surface temperature of the earth from the years 1987 to 2012 and the years 2013 to 2022 using the synoptic station of Yazd
city showed that the surface temperature of the earth in July 2019 with a temperature of 52.778 degrees and in June of the
year 2017 has increased with the temperature of 52.747 degrees Celsius. Therefore, the annual temperature changes in spring
have increased by 0.8 and winter by 0.7 compared to summer and autumn. The results of the overall average observational
and base temperature have estimated the temperature in different months between 2016 and 2021 in Yazd city to be 19.1
degrees Celsius. This temperature for a period of 30 years (2045) is equal to 19.6 degrees Celsius. The results of annual
seasonal changes of rainfall at Yazd synoptic station in different seasons between 2015 and 2021 show that the annual
rainfall is 49.1 mm and the lowest rainfall is in the autumn season. The results of rainfall variables of Yazd station for the
years 2016 to 2045 showed according to 30-year rainfall. The average rainfall of the Yazd observation period is 58.6 mm in
the base period, 59.4 mm, and 57.8 mm for the year 2045.
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Conclusion

By comparing the map of land use changes between 1987-2022, it was determined that with the increase in population until
2022, residential areas have increased compared to other land uses. Is. Therefore, human activities are one of the influencing
factors in the process of increasing the temperature of the earth's surface. As a result, by examining the average annual
temperature in different seasons of the year (1987-2022) to (2045), it is estimated to be 20.6 degrees Celsius. The average
temperature is increasing in autumn and winter and decreasing in summer and spring. The average rainfall in different
seasons of the year is equal to 58.6 mm for a period of 30 years (2045) with 57.8 mm. Therefore, the amount of precipitation
has decreased in the winter season, but the precipitations are increasing in the spring season. Therefore, the general
conclusion of the research is this, with the increase in the temperature of the earth's surface and the decrease in rainfall,
especially in the rainy seasons and months of the year, the future of the city will be affected. Next year (2045), there will be a
temperature increase of 0.5 degrees. As a result, with the decrease in rainfall, the access to water sources is limited and this
will cause the destruction of agricultural lands and vegetation in the city areas.
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