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Fig. 1. Location of Yazd city in Yazd county and province and Iran and bing-map satellite image of Yazd city for 2019
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Table 3. Calibration coefficients of different Landsat sensors
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Table 4. Wavelength table of thermal bands of different Landsat sensors
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Table 5. Accuracy assessment statistics of land cover classification for 1990 to 2020
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Abstract

Background and Objective The expansion of
urbanization has increased the scale and intensity of
thermal islands in cities. Investigating how cities are
affected by these thermal islands plays an important
role in the future planning of cities. For this purpose,
this study examines and predicts the effect of land
cover (LC) changes in the three classes of LC
including urban areas, barren lands, and vegetation on
land surface temperature (LST) in the city of Yazd
during the last 30 years using Landsat 5 and 8 images.
This study also examines the effect of the ratio of
proximity to the barren land and vegetation classes
during this period to examine how the recorded LST is
affected by the mentioned ratio.
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Materials and Methods The LC maps of Yazd city
were extracted using a supervised Artificial Neural
Network classifier for 1990, 2000, 2010, and 2020.
Terrestrial data, google earth, and ground truth maps
were used to derive training data. The LST of Yazd
was obtained from the thermal band of Landsat 5 and
Landsat 8. After that, the LST was classified into six
available classes, including 16-20, 21-25, 26-30, 31-
35, 36-40, and 41-46°C which has shown that the four
last classes play an important role in LST changes in
Yazd city during last 30 years. To evaluate the effects
of the proximity of barren land and vegetation LC
classes on the LST recorded by the sensor, firstly the
proximity ratio was calculated in 5x5 kernels for all
image pixels. Then the mean of LST was derived
based on this ratio of barren and vegetation lands.

Results and Discussion The results of this study
showed that in Yazd city, from 1990 to 2020, the area
of the urban area has grown 91.5 % (33.6 km®) over
the last 30 years. Barren and vegetation land, have
negative growth in the area over the same period.
From 1990 to 2020, barren lands in Yazd experienced
a growth -79.4% (21.3 km?®), which the sharp growth
of urban areas justifies this negative growth in barren
lands. Vegetation classes in Yazd from 1990 to 2020,
have experienced a growth -68.5% (12.2 km?). The
average ground temperature of this city has been
constantly increasing during these 30 years.

By 2020, the city of Yazd, reaching an average of
38.1°C compared to 29.2°C in 1990, has experienced
a 30.4% increase in its average LST. The temperature
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classes of this city have also moved towards warmer
temperature classes in these 30 years. As the main part
of the LST area of Yazd, in 1990, in the first place, the
class of 26-30 °C with 47 km? and at the second place
the class of 31-35 °C with 26.4 km” are classified. In
2000, in a reverse trend, the main LST class was 31-
35°C with 52.8 km” as the first place and the 26-30°C
class with 20 km® as the second place. With an
increased class, the LST class of 36-40 °C for both
2010 and 2020 with 40.2 and 63 km” respectively has
been recorded as the largest LST class. The LST class
of 31-35 °C has been recorded as the second LST
class of both years with 33.2 and 9.7 km?
respectively. The difference between these two years
is in the growth -70.7% (23.5 km®) of the class area of
31-35°C and the increase of 10.3% (0.8 km?) of the
hottest class of the statistical period, 41-46 °C, in
2020, compared to 2010. The results of this study also
showed that the highest average temperature in all
year was recorded for barren lands at 37.3°C. Also, a
positive correlation (mean correlation 0.95) was
shown between the proximity to barren land cover and
the mean LST. However, the sharp upward trend of
urban areas in the whole statistical period (91.5% with
33.6 km?) as the second class with the highest average
LST after the barren lands with an average of 34.1 °C
versus a downward trend of 79.4% (21.3 km?®) of
barren lands has increased the average LST over a
statistical period of 30 years. It is because the decrease
of 68.5% (12.2 km®) of vegetation areas as an LC
class with the lowest average LST (32.2°C) in the
same period, neutralized the effect of decreasing
barren lands and intensified the trend of increasing the
LST. Meanwhile, a negative correlation (mean
correlation -0.97) was established between the ratio of
proximity to vegetation and the average LST. The
results of forecasting land cover changes in 2030 in
the city of Yazd indicate that in a process similar to
previous periods, the class of urban areas will
increase. This growth will not be significant compared

to 2020, with 1.6% (1.1 km?®). However, a significant
decrease in green areas (vegetation) by -19.6% (1.1
km?) in the same period, along with a slight decrease
in barren lands -1.8% (0.1 km?) will cause the earth’s
surface to become warmer, and the area of LST
classes will be increased by the year. Accordingly, the
main area of the LST class in 2030 for the city of
Yazd, as in 2020, is forecasted 36-40°C with 58.2 km?
(-7.6% growth compared to 2020). But the dramatic
growth of the hottest class of LST over the statistical
period (41-46°C) with 166.3% (14.3 km®) growth as
the second major class of LST in this year (2030), as
well as the negative and dramatic growth of the
relatively cooler class 31-35°C with -97.9 % (9.5 km?)
in this year indicates the warmer ground surface
temperature in 2030.

Conclusion The results of this study indicate that in
30 years in Yazd city, the decrease in vegetation in the
first place, along with the increase in urban areas in
the second place, has caused an increase in LST. Thus,
the vegetation class reduces the LST due to its cooling
effect considering its water content. In this study, it
was shown that by taking all factors into account, the
reduction of barren lands will lead to a decrease in
LST, and also increasing urban areas with a lower
impact factor than barren lands will increase the LST.
However, the decrease in the area of green lands
(vegetation) in recent years, along with the sharp
increase in the area of urban areas has caused an
increase in LST. Increasing the proximity to
vegetation by creating green areas by increasing the
ratio of vegetation in the vicinity of different LC and
also reducing the area of barren lands, can be a good
solution to deal with the impact of urbanization in
recent years on ground surface temperature.

Keywords: Land cover proximity, Land use
classification, Prediction of land use, Artificial neural
network, Land surface temperature, Yazd city
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