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ARTICLEINFO ABSTRACT

Article history: Background and objective: Population growth and industrialization of cities
Receive Date: 02 February 2022 have led to the rapid growth of urbanization and development of cities. Today,
Revise Date: 07 September 2022 the evaluation of urban physical development using modern remote sensing
Accept Date: 23 September 2022 techniques can provide basic information to planners. The purpose of this study

is to investigate the trend of urban development and its effects on changes in
vegetation, temperature, rainfall, and air pollution in the two metropolises of
Tehran and Isfahan.

Materials and methods: In this study, two systems (Google Earth Engine)
GEE and Giovanni have been used to analyze indicators such as temperature,
vegetation, humidity, and precipitation. NDVI maps and diagrams of two cities
in 5- and 10-year periods produced from MODIS satellite (2000 to 2021) and
Landsat 8 (2013 to 2021).

Results and conclusion: Urban development and population growth in Tehran
have led to an increase in heat islands (LST) and temperature in the region,
which has a direct effect on the reduction of snow and rain and, as a result, the
reduction of runoff, vegetation, and soil moisture. Due to the development of
industrial towns and residential constructions around Isfahan, destructive
environmental effects related to vegetation, weather, and pollution in Mashhad,
and the increase in urbanization and industry have led to a decrease in the level
of vegetation and NDVI in this area. This conclusion was obtained that the
obtained results confirm that the development of the cities of Tehran and
Isfahan has destructive environmental effects on the weather and vegetation in
all directions.
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1. Introduction

Urban development is the result of physical and human effects over time, which in the prevailing
urban life and its rapid growth, especially in an uneven way in developing societies and the need for
sustainable planning, has faced significant challenges today (Bibri et al., 2020; He et al., 2021). Rapid
population growth and increased human economic activity lead to unsustainable resource utilization
and rapid depletion of land natural reserves, and the study of land use change and land use helps to
analyze the various environmental and development implications over time (Mittal & Mittal, 2013;
Jamali et al., 2021).

Urban development is a type of land cover change that has a great impact on the environment. In
the process of urbanization, natural vegetation cover is largely replaced by impervious surfaces such as
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buildings, roads, parking lots, sidewalks, factories, industrial estates, and other built surfaces
(Schueler, 1994; Arnold & Gibbons, 1996; Bowles, 2002; Ghorbani Kalkhajeh and Jamali, 2019)

Urbanization has an important impact on the environment. Considering that cities cover small parts
of the world, urban areas with more than 50% of the world's population and 7-90% of economic
activity are the circle of human activities (Schneider et al., 2009). Urbanization threatens biodiversity
and changes climatic systems, and affects ecosystem productivity by disturbing energy balance and
habitats and the loss of carbon storage and biomass (Cul et al., 2012).

Land surface and urbanization cause a modified climate that is warmer than surrounding and non-
urban areas. In addition to land cover, urban change also affects urban climate change, Land surface
and Climate due to urbanization cause a modified climate that is warmer than the surrounding, non-
urbanized areas (Thi Van & Duong Xuan Bao, 2010). While the urbanization process has important
consequences for demographic change and physical transformation, unsystematic and rapid
urbanization can have profound effects on various environmental components, especially land and
water. Therefore, understanding the change in urban-induced land cover change is essential to
counteract environmental change and facilitate sustainability. This is because most of the world's urban
areas have undergone significant land cover changes over the years. In addition, these urban areas
consume more global energy and cause serious environmental problems and the destruction of
ecosystems through air, water, and land pollution (Yan et al., 2016; Battista & de Lieto Vollaro, 2017).

Many studies have used satellite imagery and various systems to study urban development and
changes in land cover and temperature. Alberti et al. (2003), Andersson (2006), Lundholm and
Richardson (2010) Have shown that human activities significantly affect the urban environment.

Gui et al. (2019 ) showed the urbanization process and its impact on vegetation change and urban
heat islands in Wuhan, China. their results showed that rapid urbanization significantly alters
vegetation and heat distribution, threatening sustainable development and quality of life. The study
Sensitivity of multi-temporal NOAA AVHRR data of an urbanizing region to land-use / land-cover
changes has concluded that more attention is needed to monitor land use change and land cover in a
city (Stow & Chen, 2002 ). In addition, in the study Urbanization and its environmental effects in
Shanghai, China, it was found that some climatic parameters change after vegetation replacement with
urban habitat (Cui & Shi, 2012; Voogt & Oke, 2003; Zhao et al., 2006; Kometa & Akoh, 2012).
Research on the role of urban land in climate change has shown that the conversion of natural lands,
agriculture, and other sparsely populated areas into urban settlements has changed the Climate of the
area (Rosenzweig et al., 2011).

In such circumstances, access to accurate maps with knowledge of the physical expansion of cities
and their changes over time is one of the most important issues in urban planning and management
today to successfully plan and efficiently implement programs, managers and decision-makers need
information. Timely and accurate dimensions of urban development and changes under their influence
can extract this information from satellite imagery, which are two widely used tools for extracting
information from satellite imagery, the Google Earth Engine System (GEE) and the Giovanni system.
The purpose of this research is to compare the two cities of Tehran and Isfahan in terms of urban
development and its effect on changes in vegetation, temperature, climate, and air pollution in twenty
years. The data is extracted from satellite image data from 2000 to 2021.

2. Materials and methods
2.1. Study area
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In the present study, the cities of Tehran and Isfahan were evaluated. The city of Tehran is located at
51.25 degrees longitude and 35.43 degrees latitude and the average altitude of this city is 1100 degrees
above sea level and the city of Isfahan is 51.61 degrees longitude and latitude. It is located at 32,638
degrees, which is 1575 meters above sea level (Fig. 1).
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Fig.1- study area

2.2. Methodology

In the present study, satellite data provided by GEE and the Giovanni system have been used. The data
do not require preprocessing and modification (geometric, radiometric, etc.) and are easily accessible.

The Google Earth Engine (GEE) system is a web-based, cloud-based system developed by Google
to store and analyze large volumes of data in comparison to petabytes (including various satellite
imagery, digital elevation models, data Climate and Vector Data) and enables the classification of and
processing of high-speed satellite imagery that can be used in land use monitoring and mapping. Free
and online to its database (Ghane Ezabadi et al., 2021).

Giovanni is a web-based application developed by Goddard Earth Science Data and Information
Services (GES DISC) that provides a simple way to visualize, analyze, and access large volumes of
remote sensing data without having to download data. Giovanni stands for Online Geographic
Interactive Visualization Infrastructure.

GHSL images from 1975 to 2014 were used to map urban development. GHSL designs and
implements new spatial data mining technologies that enable automated processing, analysis, and
extraction of knowledge from large amounts of heterogeneous data, including large-scale satellite
video data streams, census data, and demographic or voluntary geographic resources. he does. The data
sources of this data contain a multidimensional data layer derived from Landsat image collections
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(GLS1975, GLS1990, GLS2000, and the ad-hoc Landsat 8 2013/2014 collection) and data using the
Global Human Residence Layer method Produced in 2015.

The lowa Environmental Mesonet (IEM) site was used to calculate wind roses. This system
generates a wind rose for a while. Wind roses can quickly show the direction of the prevailing wind.

MODIS images with a resolution of 250 meters have been used to investigate vegetation changes
and calculate the NDVI index for different periods from 2000 to 2021. The MOD13Q1 V6 product
provides a Vegetation Index (V1) value on a per-pixel basis. There are two primary vegetation layers.
The first is the Normalized Difference Vegetation Index (NDVI) which quantifies vegetation and
specifies the amount of vegetation in the range of -1 to 1. The second vegetation layer is the Enhanced
Vegetation Index (EVI) which minimizes canopy background variations and maintains sensitivity over
dense vegetation conditions.

Also, the MOD13C2 v006 satellite images of the Giovanni system have been used to prepare the
NDVI index diagrams of the two cities.

The mathematical formula for NDVI is: NDVI = (NIR - VIS)/(NIR + VIS), where NIR is near-
infrared radiation and VIS is visible wavelength radiation. To compare the NDVI values of the two
cities, we use Sentinel-2 images.

NASA images have been used to calculate monthly precipitation. Global Precipitation Measure
(GPM) reports every three hours the data related to the amount of rainfall in the coming years around
the world. NASA satellite STRM images were used to calculate Dew point, DEM, And Hill shade. The
Shuttle Radar Topography Mission digital elevation data is an international research effort that
obtained digital elevation models on a near-global scale. This NASA product is SRTM V3 with a
resolution of 30 meters.

ERAS5-Land images were used to calculate Runoff AND Snow Depth. ERA5-Land is superior to
ERAS for analyzing land variables for a long period with better quality. ERA5-Land is produced by
recasting the land component of the ECMWF ERADS climate reanalysis. The reanalysis data is old,
which provides accurate information on past climate conditions.

ERA5 images were used to calculate the temperature. ERA5S is the fifth generation ECMWF
atmospheric reanalysis of the global climate. ERAS data is available from 1979 to three months in
real-time. ERA5 MONTHLY provides aggregated values for each month for seven ERA5 climate
reanalysis parameters: 2m air temperature, 2m Dew point temperature, total precipitation, mean sea
Ieivezloprg)ssure, surface pressure, 10m u-component of wind, and 10m v-component of wind (Jamali et
al., 2018).

Giovanni system has been used to calculate air pollution. The number of NO2 molecules in an
atmospheric column (from the Earth's surface to the top of the atmosphere) above one square
centimeter of the surface. NO2 data are used in L2G Giovanni when their cloud cover is less than 30%.

Landsat 8 satellite images were used to calculate the land surface temperature. Satellite images from
Landsat 8 OLI/TIRS sensors are atmospherically corrected, covering the visible, near-infrared (VNIR),
and thermal bands.

Sentinel-2 satellite imagery was used to map the three indices NDBI, MSAVI, and NDMI. Sentinel-
2 images are widely used In the analysis of environmental changes, including water, soil, and
vegetation, and it also has the ability to detect land cover changes and environmental pollution.

2.3. Tehran City:
The development process of Tehran metropolis, like most metropolises of the developing world, has
had a rapid and wide physical expansion. The expansion of Tehran in different directions was not the

same in terms of quantity and quality, and the movement towards external development took place in
Tehran, and the north, south, east, and west of Tehran met the needs of development.
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As you can see in Fig. 2 (a), the development of constructions in Tehran from 2000 to 2014 has
taken place in the western, eastern, southern, and a little in the northern part of Tehran.
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Fig.2 - (a): Urban development map of Tehran (b): Urban development map of ISFAHAN

2.3.1. The impact of creating industry and tourism on urban development
In this section, we examine the impact of Chitgar Lake and Chahardangeh Industrial Town on urban
development:

A. Chitgarh Lake

Chitgar Lake or Martyrs Lake of the Persian Gulf is an artificial lake located in the northwest of
Tehran and the 22nd district of Tehran Municipality. The area of this lake is 130 hectares and in the
vicinity of it, 120 hectares of the recreational complex has been created in the land area. The
construction of this lake has had a significant impact on the environmental and climatic conditions of
the region and urban and economic development in the region.

Due to the location of the lake and the direction of the |orevailing wind in Tehran, which is
according to the plan of Windrose (northwest-southeast), the role of Chitgar Lake in softening the air
and raising the humidity of Tehran, especially in its western region, is important. (Fig. 3).
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Fig. 3 - Map of Windrose, Tehran

B. Chahar Dangeh industrial town

Chahardangeh is a city with a population of about 50,000 in the southwest of Tehran. The existence
of an industrial town near this city has caused urban and economic growth in the region and therefore
has made this city one of the poles of Tehran province in terms of production.

2.4. Isfahan City:

The city of Isfahan in recent years compared to other major cities in the country has grown rapidly and
unbridled, and due to population growth, migration, and expansion of services, has had significant
social, economic, and physical changes.

_This is seen in the form of scattered urban growth and excitement with the integration of cities and
villages and agricultural lands around the city.

Fig. 2 (b) shows urban development and construction in Isfahan the most urban development has
been in the western, southwestern, and southeastern parts, the main reason being steel factories and
industrial towns.

Due to the prevailing wind direction of Isfahan, which according to Windrose map is from the west
and southwest, the location of industrial towns and steel plant is not a suitable place and therefore the
west wind blows all the pollution of these industries into the city (Fig. 4).
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Fig. 4 - Map of Windrose, Isfahan

2.4.1. The following refers to the development of these settlements from 2000 to 2021:

A. Najafabad Industrial Town

Najafabad industrial town in 2000 on the 4th kilometer of Najafabad to Fooladshahr axis and has an
area of 240 hectares, of which 160 hectares have industrial use and 140 hectares have been handed
over so far. It also has 17.5 hectares of green space.

B. Montazerieh Industrial Town

Villashahr or Montazerieh industrial town in Isfahan province is one of the prominent industrial
towns in Najafabad city. The area of this industrial town is about 87 hectares. Of these 87 hectares, 72
hectares are dedicated to industrial areas.

C. Isfahan Fooladshahr

The new city of Fooladshahr is located in the central part of Lenjan city, 25 km southwest of
Isfahan, in the communication axis of Isfahan and Shahrekord. The city has an area of 7700 hectares.
Fooladshahr was established in 1964 to house steelworkers and began operating as a new city in 1985.

Due to its proximity to the center of the province and also easy access to large industries such as
Lsfah_an Steel, Mobarakeh Steel and Sepahan Cement Factory, this city has become a suitable place for
ousing.

3. Results and discussion
3.1. Comparison of vegetation in four five-year periods from 2000 to 2021

According to the Fig. 5 NDVI index in 5-year periods, you can see that the vegetation of Tehran has
decreased in the second 5 years compared to the first 5 years, and in the third 5 years compared to the
previous 5 years, the vegetation has increased and in the fourth 5 years the vegetation Has increased,
but in the city of Isfahan, vegetation in the second 5 years has decreased slightly compared to the first
5 years, and In the third 5 years, compared to the previous 5 years, vegetation has decreased and in the
fourth 5 years, a significant decrease in vegetation in Isfahan Shows that these changes in vegetation
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during this period indicate drought in this area.

NDVI

Image Collection : MODIS/006/MOD13Q1
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Fig.5 — NDVI of Tehran and Isfahan

As can be seen in Fig. 6 the 20-year time series diagram in different periods, the vegetation status of
Tehran has been increasing from 2000 to 2020 due to environmental reasons and in 2021 the
vegetation has been decreasing, but the vegetation status of Isfahan from 2000 to 2021, there was a
decreasing trend and vegetation has decreased. In the continuation of this study, the cause of this
increasing and the decreasing trend has been investigated.
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Fig.6 — Diagram of Vegetation Status (NDV1) of Tehran and Isfahan

According to the rainfall chart for the city of Tehran, from 2000 to 2007 the amount of rainfall had
a favorable trend, but from 2008 to 2011 the amount of rainfall had a decreasing trend and then for a
year in 2012 the amount of rainfall increased and again from 2013 By 2018, rainfall has decreased and
from 2019 to 2020, rainfall has increased significantly, which in 2020 shows the highest rainfall in the
last 20 years, and from 2021 onwards, the amount of rainfall has decreased.

According to the rainfall chart for the city of Isfahan, from 2000 to 2007, the amount of rainfall
was favorable, but from 2008 to 2011 shows the lowest amount of rainfall, which caused drought in
the region, and then for a year, i.e. in 2012, rainfall. It has increased and since then, from 2013 to 2018,
the rainfall has had a decreasing trend, until 2019, the amount of rainfall increased significantly, but
since then, it has decreased. The lowest rainfall in the last 20 years in the city of Isfahan belongs to
2008, which has caused drought in the region.
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Monthly Precipitation In TEHRAN City

Image Collection : NASA/GPM_L3/IMERG_MONTHLY_V06
Date : 2000-06-01 To 2021-06-01
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Fig.7 — Monthly rainfall in Tehran and Isfahan

Fig. 8 below shows the average monthly rainfall from 2000 to 2021 in four seasons: winter, spring,
summer, and autumn in Tehran and Isfahan. According to the chart below, on average, the highest
amount of rainfall in Tehran and Isfahan is related to the years 2007-2002 and 2020-2019 and the
lowest amount of rainfall is related to the years 2000, 2008, and 2021.
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Fig. 8 — Average total rainfall in Tehran and Isfahan

Fig. 9 below shows the amount of dew point in the period 2000 to 2021 when Dew Point refers to
the temperature at which air is saturated. As you can see in the chart below, the dew point temperature
of Tehran and Isfahan reached its lowest level in 2008 and 2021, while the amount of rainfall in these
two years has decreased significantly, which has led to a drought.
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Dew point
Image Collection : USGS/SRTMGL1_003

Date: 2000-01-01 To 2022-01-01
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Fig. 9 — Dew point of Tehran and Isfahan

Some water from rainfall, melting snow, or deep in the soil, stays stored in the soil. According to
Fig. 10 below, runoff in Tehran has increased in years when the average rainfall or snowfall was high,
and in years of low rainfall and drought, such as 2008 to 2011 and 2014 to 2018, the lowest surface
and non-surface runoff was shown. And in the city of Isfahan, except in 2006, when runoff reached its
highest level, the rest of the years due to drought has been at its lowest level.
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Fig. 10 — Runoff from Tehran and Isfahan
According to Fig. 11 the snow depth chart, the amount of snowfall in Tehran has generally
decreased from 2000 to 2021, and in 2005 it had the most snowfall, with a snow depth of 28 cm. In the

city of Isfahan, the depth of snow in 2007 reached its maximum, i.e. 6 cm, but in times of drought, the
depth of snow and consequently snowfall was zero.
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Snow Depth

Image Collection : ECMWF/ERA5_LAND/MONTHLY
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Fig. 11 — snow depth of Tehran and Isfahan

In Fig. 12 below, which shows the average day and night temperature of the region, the average
temperature in Tehran in the period 2000 to 2021 has been facing small and increasing changes, and
only in 2008 the temperature has decreased significantly in Isfahan, temperature changes were low and
positive, and in 2005, 2008 and 2014, when the temperature reached its lowest level.
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Mean_2M_Air_Temperature
Image Collection : ECMWF/ERA5/MONTHLY
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Fig. 12 — Average day and night temperature of the region

Fig. 13 below shows the temperature changes in the period 2000 to 2021 in 4 chapters. As you can
see, in 2008 we see the most temperature changes and temperature differences.
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Fig. 13 — Land surface temperature of the region

Fig. 14 below examines the level of air pollution and the presence of NO2 pollutants in the air. Air
pollution in Tehran in 2007, 2014, and 2021 had the highest rate and in 2020 had the lowest rate of air
pollution that air pollution can be directly related to the monthle]/ rainfall and in years when rainfall was
very low, the rate of air pollution is higher and the years of high rainfall, such as 2019 to 2020, air
pollution has reached its lowest level.

In Isfahan, air pollution reached its peak in 2014, and in 2020 and 2019, due to increased rainfall,
air pollution reached its lowest level.
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Fig. 14 — Air pollution and the presence of NO2 of the region

Land surface temperature (LST) occurs when the surface temperature and air temperature in urban
areas are higher than in the surrounding areas. These temperature differences are reflected in
temperature maps as islands known as urban heat islands.

NDBI is one of the indicators used to identify urban areas. In this index, two bands, SWIR and NIR,
are used. This index has a good ability in identifying urban areas and makes constructions more
prominent and usually in areas with vegetation, this index is negative due to the high radiant energy of
the near-infrared band, but in urban areas where the radiant energy of the middle infrared band is
higher, this index is positive.

Fig. 15 shows the NDBI index is directly related to the LST index, and in areas of the city where
construction has taken place from 2015 to 2021, leading to urban or industrial development, the NDBI
index has increased and is shown in red, and as a result, the LST index has also increased and turned
into dark red.
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Fig. 15 — Correlation of NDBI with LST index

4. Conclusion

In the present study, the trend of urban development and its effects on vegetation, air pollution, and
climate in the two cities of Tehran and Isfahan were investigated. For this purpose, the data available
in the online system of satellite image processing of Google Earth Engine (GEE) and the GIOVANI
system were used. After processing images of various satellites such as Landsat 8, Modis, Sentinel 2,
and NASA and extracting information and indicators from them, important results of the relationship
between urban development and residential and industrial towns, with temperature and thermal islands,
vegetation, rainfall, and air pollution was obtained. These results suggest that uncontrolled
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development has led to unplanned construction, which results in rising temperatures, climate change,
and dangerous environmental impacts.

As you can see, these systems have been able to show information about the physical development
of cities in different periods, for which a GEE model from the GHSL images from 1975 to 2014 was
prepared and after reviewing the maps obtained from this model, it was obtained that the growth of
urbanization and urban development in Tehran during the last 20 years in various directions has been
done quantitatively and qualitatively and external development that this urban development and
population growth in Tehran has led to an increase in thermal islands (LST) and temperature in the
region. Increasing these two parameters has a direct impact on reducing snow and rain and thus
re(}tIJci_ng runoff, vegetation, and soil moisture. Changing these parameters has an effective role in air
pollution.

According to studies conducted on vegetation in 4 periods of 5 years (NDVI index) in Tehran, the
results showed that in periods of high rainfall vegetation had a favorable and growing trend and in
periods of rainfall as in 2008, soil moisture, dew point, and runoff temperatures have also decreased,
resulting in severe vegetation decline and drought in the area.

Furthermore, according to the studies conducted on the urban development of Isfahan, the results
were obtained in such a way that urban development in Isfahan is mostly due to the development of
industrial towns and residential constructions around these industries, which have devastating
environmental effects on the city has vegetation, climate and pollution and the increase in urbanization
and industry has led to a decrease in vegetation and NDVI levels in this area and an increase in thermal
islands and temperatures during these 20 years, which has caused climate change and reduced rainfall
and runoff levels in this area, resulting in humidity. Soil and plants have decreased and the region has
suffered from drought.

Since most of the new industrial towns of the province are located in the west and southwest and the
prevailing wind direction of the province is also west and southwest; Pollution and pollutants from
these industries are moving toward the city and increasing the air pollution in the city.

The results of the graphs also show that the increase in NDBI (urban construction) index increases
the thermal island (LST) and temperature, and as the thermal islands increase, the amount of rain and
snow in the region and consequently the level of runoff, Soil moisture (NDMI) and dew point
temperature decreases. These parameters have a direct impact on the reduction of vegetation and
NDVI and MSAVI indices in the region. In the end, changing all these parameters plays a significant
ro(lje indincreasing air pollution. There was more rain or snow, and air pollution was significantly
reduced.
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