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ABSTRACT

Introduction: In recent decades, along with the physical development of cities and population
increase due to immigration, heat islands, which are mainly the result of human made activities, have
gained significant importance. So, the reduction of vegetation cover, the high consumption of fossil
fuels, the emission of greenhouse gases and the use of inappropriate materials in urban construction
have created the microclimate of a heat island above the metropolis of the world. Finally, it causes
an increase in the land surface temperature, atmospheric stability, persistence and stabilization of
pollutants and an increase in respiratory diseases. Today, by using remote sensing methods and using
digital satellite images, it is possible to examine the land surface temperature with high accuracy and
in a short period using MODIS sensors and Terra satellite images. Therefore, the main objective of
the current research was to analyze the temporal and spatial variations of heat islands of Isfahan using
the principal component analysis method. With this technique, it is possible to identify the seasons
and months when the land surface temperature and the heat island increased.

Material and methods: In this regard, the present research considered analyzing the temporal
and spatial variations of this phenomenon in Isfahan during a period of 20 years (from 2000 to
2020 AD). To achieve this purpose, the land surface temperature (LST) data extracted by MODIS
sensor and Terra satellite was used. These data are available for the whole world with a time
resolution of 8 days and a spatial resolution of 1x1 km in a sinusoidal grid with dimensions of
1200x1200 km. Therefore, for Isfahan, 913 images were extracted from the MODIS sensor. Then,
with the principal component analysis (PCA) method, the seasons and months that have the most
influence on the occurrence of heat islands were identified and in order to analyze the trend of this
phenomenon, the Mann-Kendall and the Kolmogorov-Smirnov tests were used.

Results and discussion: The findings of the research indicated that the land surface
temperature in the last 20 years in Isfahan had an increasing trend with a rate of 4%. However,
this trend in the population and urban centers has been completely different from the
surrounding areas of Isfahan. In terms of spatial distribution, the highest occurrence of heat
islands has been registered in the eastern and southeastern parts (including Hassan Abad and
Jolgeh) due to proximity to the hot deserts of Kavir-Lout, proximity to Sepiddasht, VVarzaneh,
Shahrak Ramsheh industrial towns and changes in the land use of agricultural to industrial and
residential. also in the North-West region (including Mahmudabad and Isfahan city) due to the
increase in man-made heating caused by the increase in the consumption of fossil fuels, the
growth of residential, industrial and commercial units, temperature has risen. In addition, the
results showed that the intensity of the heat island in winter is higher than in summer, and the
most intense time of its occurrence was recorded in January and the least in November.

Conclusion: Isfahan is integrally affected by global climate conditions, but depending on the
geographical location of each part of this province, the land surface temperature and the
occurrence of heat islands are different, so that, eastern and central parts, adjacent to Kavir-
Lout and close to industrial towns, have an increasing trend. Moreover, the southern parts have
a decreasing rate of temperature and heat islands due to less urban population, larger
agricultural lands and more vegetation. The increase in urbanization, migration, and the
increase in fossil fuel consumption, the decrease in vegetation, the aggravation of drought, and
the change in land use have a fundamental role in increasing the occurrence of this phenomenon.

Keywords: Modis Satellite, Heat Island, Principal Component Analysis, Mann-Kendall Test,
Kolmogorov-Smirnov Test, Isfahan.
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Fig. 4- Spatial distribution of Heat Island in Isfahan County
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Table 1. Statistics of heat island and its trend in Isfahan County
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P-Value K P-Value z OeSibes kg S Month

Mean Max Min
0.036 0.108 0 15.41 18.80 8.58 “sl
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0.150 0.053 0.135 1.098 52.58 54.27 21.43 O
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0.150 0.073 0 -2.0183 50.84 52.23 49.29
August
0.150 0.072 0.371 -0.328 45.29 46.94 43.81 ol
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Table 1. Cont. Statistics of heat island and its trend in Isfahan County
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Kolmogorov-Smirnov Test Mann-Kendall Test Statistics of heat island Month
P-Value K P-Value OeSlee A S

Mean Max Min
S
0.150 0.075 0.09 -1.542 36.21 38.27 34.36
October
IS
0.150 0.085 0.736 -0.613 23.98 26.83 20.79 7
November
Lo
0.090 0.095 . 2.901%* 16.53 19.51 11.20 e
December
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The symbol * indicates the presence at the 90% confidence level (range between +1.65-1.96), the ** sign indicates the trend at the
95% confidence level (+1.96-2.57) and the *** indicates the trend in It shows a confidence level of 99% (more than +2.57).

A glod el sy Jad o (Sl 0y iz 5l Sse
6 e looan VT iy o515 Jdo @ plSim s o
sboole )3 pgar alod Gl SKg)ly 5 ol ;oS slos |
G 50 el (Ggal g Laazms 51 5L Gasliod 5 415i15) 0
gl sled (s 0 ok i Sl s & ol
oyyz wdy Gl 4l fiaS gelpy bae Sl e
A5 pels 5 gl slaole o alale Hlai 5l ()l

S o Go 0 Pl b )0 (659, ald Dl s

5 il ole o ) Jooz 5 (V5 V) lajlogel 4y azgily
A Sl o Sl Sy 5o aS (s Jad) el
CansS T ogas 4 0,5 slaole 10 5 05,5 co hled SblS
gl comle slacle y0 g (Gl Jad)insd jlow
JS=e ge3] cnlply ol Gond (lae Jad) (593
@ b glaasdly ol abboo gl (nl @S 2 b
ol e lagl ogle cdllas (Yo VVP) gunl g 3o LIS

Qo0 P liaey ad 5o (Sl 005 45 oy S

2003 2017

2006

2016

2007 2015

2011

wgiliolo )0 (Jyl> op i GSTn @59 31 RIS geuls P JSCB
Fig. 6- Kilogram of heat island distribution in January
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Fig. 8- Kilogram of heat island distribution in December
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Fig. 11- Variation trend of heat island in Isfahan County
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Table 2. Statistics of heat island of Isfahan County based on PCA
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Fig. 14- Temporal distribution of heat island of Isfahan County in January
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