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Abstract

The city of Sari, as one of the most populated cities in Iran, is facing the increasing growth of urbanization,
which has led to many transformations in this city. The aim of the current research is the comparative analysis
of the effects of vegetation on increasing thermal energy and increasing temperature in Sari city. Considering
that the current research has done a comparative analysis of the effects of vegetation on increasing thermal
energy and increasing temperature in Sari city in three time periods from 1378 to 1398, it can be said that the
community studied in this research was the local situation (temperature and vegetation cover) of Sari city. Is.
Also, the data of the current research in the field of air pollutants includes Landsat and Sentinel data. The data
analysis of the current research is based on the processing of Landsat and Sentinel satellite data and using
ArcGIS and Terrset software. The results of the present research showed that in the above three periods, the
temperature of the earth's surface has increased in parallel with the reduction of vegetation in Sari city, and in
1378, with the lowest degrees Celsius from 19 to 32, it reached 23 to 41 degrees Celsius in 1398. And with the
reduction of the amount of vegetation based on the constructions and the physical expansion of the city, the
temperature has increased significantly. The results of the calculation of the correlation between the surface
heat of Sari city areas show that there is a spatial correlation (point to point) of 0.47 between the surface heat
energy of Sari city areas in 1378 and 1398, which means that 0.053 of the area of Sari city during The
temperature pattern has changed in the last two decades.
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Introduction

Cities are the most important centers of resource consumption and waste production and consumption due to
population density and economic and social activities. Now, the physical expansion of cities changes the levels
of thermodynamic properties to a great extent, and the change in specific heat temperature causes an increase
in temperature in urban areas compared to suburban areas. In this context, Sari city is one of the cities located
in the north of Iran, which on the one hand has seen an increasing physical and physical growth in the last few
decades, and on the other hand, the increase in population and building density and its unbridled growth have
created many challenges such as the destruction of green spaces. and the vegetation in and around the city of
Sari has increased, and the development of artificial environments and the physical growth of residential
centers has been effective in increasing pollution and energy consumption in the city of Sari and has led to the
formation of thermal islands in the city of Sari. The urban heat island phenomenon is one of the most common
urban phenomena in which some urban areas have different temperatures from other areas, which are called
heat island areas. Studying this phenomenon and investigating its mechanism is very important for urban
planning and the perspective of city construction, and during the last two decades, due to its importance in
environmental studies and management activities, it has become one of the most important scientific topics in
the field of urban planning. , urban environment and urban geography have become.

Research Methodology

In this research, a detailed description of the method of extracting the temperature ranges of the city of Sari
and the use of satellite images and TerrSet and GIS software has been provided, and it also allows the
researcher to analyze the data accurately. Using TerrSet and GIS software, this research has been able to
accurately analyze the temperature and its changes in the city of Sari. The data analysis has been done by
converting the digital values of the image to spectral radiance, and the following conversion function has been
used to convert the digital values of the image to spectral radiance.

L A: expressing the amount of spectral radiance; Qcat: indicating the digitized amount of calibrated DN; Qcal
min: indicating the minimum value of Qcat corresponding to LMIN A; and Qcal max: expressing the maximum
value of Qcat corresponding to LMAX A.

LMIN and LMAX indicate the minimum and maximum spectral radiation, whose values are 0 and 255,
respectively, in terms of (WM-2 SR-1uM-1). In the atmospheric corrections on the original image, the
atmospheric space is usually considered uniform, so the atmospheric corrections will not have much effect on
the analysis of this study.

The normalized differential vegetation index that uses the near-infrared band and the red channel is the result
of the difference of the near-infrared band and the red band divided by the sum of these two bands.

As can be seen in the following formula, the NDVI index can be calculated:NDVI = (NIR-RED)
(NIR+RED)

In this way, in this formula, NDVI1 is the normalized differential vegetation index, Red is the red band, NIR is
the Near-Infrared band. Healthy vegetation (which has chlorophyll) reflects more light in the near-infrared and
green spectrum than other wavelengths, but absorbs more in the red and light blue bands. This is why that our
eyes see vegetation as green. Satellite sensors such as Landsat and Sentinel-2 satellites both have NIR and Red
bands to obtain and calculate NDVI.

The result of the NDVI formula mentioned above creates values between -1 and +1. If the reflectance value in
the red channel is low, and the reflectance value in the near infrared channel is high, this situation will lead to
high NDVI values. In any case, NDV1 is also a standard method for measuring vegetation health. If the NDVI
value is high, the vegetation is in a healthier condition, and if the NDVI value is low, the vegetation is usually
weak or lost. In general, if you want to see changes in vegetation over time, you should apply atmospheric
corrections.

NDVI value fluctuates between -1 and +1. It is necessary to explain that for the calculation of NDVI using the
images of Landsat satellites 4 to 7, Band ¢is used as NIR band and Band 3 is used as Red band, and for Landsat
8 satellite images Band 5 is used as NIR and from Band 4 is used as Red.

Research findings

The state of vegetation in the areas of Sari city in 2018 is such that this amount varies between 0.20 and 0.58.
Most of the areas whose vegetation status is +1 or close to +1 are related to dense and healthy urban green
space, which has a significant impact on the temperature level of the city and its environment by reducing the
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vegetation status to zero from the amount of green space is reduced. In the districts of Sari city, it shows that
in 1378 district 13 had the lowest temperature with a temperature of 19.84 degrees, district 19 with 32.88
degrees and district 20 with 32.03 degrees had the highest temperature in Sari city, which was mostly due to
construction And there is a lack of green space in these areas, and the temperature difference in 2018 was
between 12 degrees among the areas of the city. In order to measure and estimate the thermal energy of the
surface areas in 2018 using Landsat 8 satellite images at the end of August 2018 with no cloud cover and clear
weather. After the extraction process, the thermal energy intensity map of Sari city was prepared. Its results
show that the temperature decreases from the west and center of the city to the east and south. Correlation
between ground surface temperature and vegetation cover in the areas of Sari city in 2018 shows that according
to the estimate shown in the above figure, the correlation between the thermal energy of the surface areas in
Sari city and the normalized vegetation cover index value is close to 92.83%. The type of communication is
still inverse. As the vegetation increases, the temperature decreases, this means that in the central core, this
intensity is much higher than the edges and areas close to the edges of the city, in other words, the temperature
decreases by moving from the center to the outskirts of the city. to be Urban physical and physical policies are
the main factor in changing the thermal pattern of Sari city, because the adoption of different policies in this
field leads to changes in movement, activity and living patterns in the areas of Sari city. As a result, by changing
each of these patterns, the amount of heat of the surfaces and as a result the intensity of thermal energy and
finally the amount of energy balance in the surface will undergo changes. Also, in order to analyze the trend
of thermal changes in the surface of Sari city, raster layers for the years 1378 and 1398 were measured using
the Mann-Kendall method and in the ArcGIS environment. The resulting map shows that the intensity of heat
islands in the western areas of Sari city is much higher than in the eastern part.

Conclusion

The current research was conducted with the aim of comparative analysis of the effects of vegetation on
increasing thermal energy and increasing city temperature. In this regard, the effects of urban heat islands are
a phenomenon whereby an urban area is significantly warmer than the surrounding areas. Urban heat islands
refer to a phenomenon in which urban areas are significantly warmer than the surrounding areas. This
difference in temperature is due to the different effects that urban factors have in dealing with environmental
conditions. This article focuses more on the three components of temperature; The amount of vegetation cover
and the amount of built-up land in the city of Sari is to do a comparative analysis of the effects of vegetation
cover on the increase in thermal energy and the increase in temperature in the city of Sari. Few researches in
the city of Sari have analyzed these components using Sentinel and Landsat data. In the present study, with the
approach of processing satellite images, suitable vegetation that moderates the weather and reduces the effects
of heat islands in Sari city, because in 2018, the amount of vegetation in most areas of Sari city is in a better
condition with a value of 0.58. The temperature of the city has an inverse relationship, which decreases with
the increase of green space.

The impact of urban development on the environment and climate change is a serious issue that is currently
being investigated around the world. The increase in population density and the physical expansion of cities
leads to the reduction of natural resources and the increase of urban heat islands. This causes an increase in air
temperature, energy consumption and greenhouse gas emissions. One of the ways to properly manage urban
development and reduce the effects of urban heat islands is to create green spaces and appropriate vegetation.
Trees, plants and pastures can be effective in moderating temperature and increasing air quality. The creation
of parks, gardens, gardens and public green spaces creates suitable grounds for increasing urban vegetation
and reducing the effects of heat islands.
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