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Abstract

The surface of the earth or the top of the earth at the level of cities and urban areas becomes
significantly higher than the surrounding environment, which is known as the thermal component. If
this phenomenon is higher than a certain limit, it will cause problems for the city residents. But one of
the most important factors that can play a very important role in controlling this phenomenon is the
presence of vegetation, which is mainly a significant part of this coverage in urban areas. In this study,
the effect of vegetation cover on the amount of urban heat island in Isfahan City was investigated. For
this purpose, the surface temperature of the city and its relationship with the surface cover were
investigated using the land surface temperature (LST) products of the MODIS sensor in places with
heat islands by applying the Normalized Difference Vegetation Index (NDVI) of Landsat satellite data
during the period of 2001-2020. Examining the annual changes in temperature in Isfahan shows that
during this period, the temperature is generally increasing, so 2011 with an average annual
temperature of 37.21 degrees Celsius is the hottest year and 2012 is the coldest year with an average
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annual temperature of 33.7 degrees Celsius. The most apparent thermal islands were observed in areas
with industrial use, high-traffic places with severe air pollution and population density, and places
with weak vegetation, areas with dense and worn-out textures.

Keywords: LST, Landsat Satellite, Normalized Difference Vegetation Index (NDVI).

Introduction

In today's growing world, there is unprecedented urbanization and urban development, which have
become factors affecting the air temperature around urban areas. This temperature causes the creation
of a heat island in these areas compared to the surroundings, and as a result, it can play a fundamental
role in air quality and consequently public health. In one study conducted by Taghizadeh and Mazidi
(2019), the variability of heat island risk based on changes in land use and land cover was investigated
in Isfahan. The results of this research showed that the expansion of the city cannot be the main cause
of the increase in the surface temperature and the expansion of the heat island, but the change in the
use of other lands has also been effective in increasing or decreasing the temperature. The purpose of
the present study is to investigate the effects of vegetation in adjusting the surface temperature of the
ground in Isfahan City. Depriving the cities of vegetation will cause the temperature to rise, especially
in the summer season in big cities like Isfahan. Isfahan region is also facing the mentioned problems
due to the large size of urban areas and rapid growth in recent decades. In this regard, Landsat and
MOADIS satellite data are used.

Materials and Methods

To achieve the purpose of this study, satellite data were used. To investigate the effects of the
independent variable (i.e. vegetation covers) at the city level, the MODIS sensor data of the Terra
satellite were used in the period from 2001 to 2020. Landsat satellite data, which have a pixel size of
30 meters in the period from 2001 to 2020, were used to investigate the amount of vegetation (NDVI
index) in the city of Isfahan. In order to collect the data, first, satellite images were received by
referring to the United States Earth and Science website https://earthexplorer.usgs.gov. The NDVI
index was used in the period from January 2001 to December 2020 to investigate the patterns of
vegetation changes and fluctuations in time and place. For this purpose, raw images were obtained
from the NASA website, which included 240 monthly time series images of vegetation covers.

Research Findings

The results of the analysis showed that the average annual temperature of the surface of the earth in
this city is 35.6 degrees Celsius. According to the annual surface temperature map for the city of
Isfahan, the minimum temperatures are completely consistent with the peripheral heights of the city,
which can be seen in the form of spots in the northern parts (northern elevations of the foothills) and
southwest areas (southern elevations of Shahreza). These parts show a temperature between 19 and 25
degrees Celsius. The temperature of 25 to 30 degrees is scattered around the mentioned parts as well
as around the city of Isfahan and the Gav Khouni swamp. The largest temperature zone in the annual
map includes the temperature of 35 to 40 degrees, which covers most of the city. The maximum
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temperature that shows the hottest spots is located in the central part of the city. In order to investigate
the effects of the presence of vegetation and the amount of vegetation density in reducing the surface
temperature in the urban area of Isfahan, Landsat satellite data were used, and the NDVI vegetation
index was applied to these data. Then, a map and the amount of vegetation density were obtained.
Since the map of vegetation cover and surface temperature was prepared exactly on a specific and
simultaneous date, it is easy to visually observe the moderating role of vegetation covers in different
parts of Isfahan. With the investigations carried out, it was precisely determined that wherever there is
vegetation in Isfahan, the minimum temperature corresponds exactly to these parts. In parts of the city
that are devoid of vegetation, which mainly corresponds to urban constructions or barren lands, a
significant increase in the temperature of the surface of the earth can be seen. Therefore, the
moderating effect of vegetation on the temperature of the city and the simultaneous reduction of the
heat island in the studied area cannot be ignored. The major part of the concentration and density of
vegetation in this city exactly corresponds to the passage of Zayandeh Rood.

Discussion of Results and Conclusion

The development of urbanization causes the reduction of barren lands with high temperatures and
the formation of a layer of relatively lower temperatures than barren lands in residential areas.
Vegetation has a reducing effect on urban built surfaces such as busy streets and changes in land use
such as agricultural land to residential use. Being adjacent to barren lands in the city has intensifying
effects on high temperatures and hot spots. In fact, the results of this study show that, according to the
investigations carried out on the Landsat satellite data in Isfahan, there is a strong correlation between
the presence of vegetation and the decrease in the temperature of the city. In this regard, in the parts of
the city where the density of vegetation increases, the surface temperature is greatly reduced, and the
moderating role of vegetation can be seen well, but the temperature increases completely as you move
away from the vegetation.
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Figure 1: The location (right side) and height (left side) of the studied area
(Isfahan city)
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Fig 4: Seasonal distribution of surface temperature in Isfahan city (2001-2020)



VoY )L@. u(i/\ de) uJ}‘ BJLM: ‘r“"k"" JL» r.‘:_l.,&:. ‘5}5)0\3,3

—

(31,5500 ax 33,4 Joad 2lod (:SiLie \ ﬂ ,

H::_)‘r
'.j;‘t!\'ﬂ"'-.-
-
sy
[ g e

o s v
"!-SM _ s M

1 gt il

-
| s

L7 e 1

(31,8l ax ) ‘_,L..ub Juad u—'l" uﬁhﬂ

%

\

I
]‘_u'

[{-<t.

HI-SM
S0

H-Sﬁ' “lcx; I B )
| - ’ - -

(-7
U | bt} it

- N
|| =S
i
¢ Y
|- v

e e

A

|2-$YY

(3,45 &, ,wwwm e 1T _

-y D,

:‘-S\D
||
sv
sn

AN I .
e e

. ——— e —— — -

(e Y OBW,IK i) (2001-2020) Olgano! Db g gla Jud ey B35 slos ol 0 K2
Fig 5: The Average surface temperature of the seasons in Isfahan city (2001-2020)



r Olan 5 31555 515 L Ol Do g o s sz S5 1 A by G )

(2001-2020) Olgins! lg: Joud (slos Sk Sl yis s ¥ Il

Table 1: The percentage of spatial changes in Isfahan's spring temperature
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