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Abstract

The aim of the research is to investigate the structure of the spatial- temporal heat island in the city of Tehran, as well as
the physical and biophysical properties of Land surface, such as Land Use, vegetation, climatic indicators, also some
parameters resulting from population concentration and human activities, including the main indicators of air pollution
and density of buildings. For this purpose, after the corrections of images, calculates emissivity and the average
brightness temperature and finally zoning the land surface temperature in the time interval of twenty years by using
remote sensing methods was done. Then the correlation between the land surface temperature and effective parameters
with normalization of information was investigated through mathematical algorithms and statistical analysis in GIS
software and finally, the regional vulnerability of Tehran metropolis was determined. The results and spatial- temporal
analysis showed a direct relationship between parameters such as density of buildings, concentration of activities and
population with land surface temperature as well as some air pollutant indicators, and on the other hand, the inverse
relationship of some other parameters such as land use, vegetation and climate indicators with the land surface
temperature. This study showed that Tehran is faced to the formation of hot spots in the west and southwest regions and
the number of cold spots in the north of Tehran is considerable.

Keywords: Land Surface temperature, Brightness temperature, Temporal-spatial structure, Geostatistical analyzes,
Correlation of affective parameters on heat phenomenon, Vulnerability of Tehran city
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Extended abstract

Introduction

The urban population around the world has doubled from 1750 million in 1980 to 3571 million in 2010, and
this number will reach up to 5058 million in 2030 (“World Population Prospects - Population Division -
United Nations” n.d.). According to the United Nations’ report, almost 54% of the world's population lives in
cities, which is predicted to enhance to 66% by 2050, while urban areas occupy less than 1% of the Earth's
surface (Nations 2014). This Rapid urbanization can lead to a number of problems, including urban heat
island (Zhou et al. 2014), the reduction of vegetation coverage (D’Amour et al. 2017), changes in land
surface phenology (Yao, Wang, Huang, et al. 2017), and air pollution (Tao et al. 2016).

Urban heat island (UHI) refers to an environmental problem which has been caused by urbanization, the
deterioration of Thermal Comfort Level (TCL), and poor air quality, especially in developing countries. UHI
is related to higher air and surface temperature (Landsberg 1981; Mat Santamouris 2007). It is referred to a
phenomenon, in which the air temperature in the city is higher than that of the countryside with a huge
number of negative effects (Zhou et al. 2014). It can influence vegetation activity (Yao, Wang, Huang, et al.
2017) and climate (Arnfield 2003). In addition, UHI can affect human health(Gong et al. 2012) and energy
consumption (Akbari et al. 2016; M. Santamouris et al. 2015). The UHI may result in more serious problems
in the context of global warming (Patz et al. 2005); for example, Goggins et al. (Goggins et al. 2012)
indicated when the air temperature increased by 1°C (above 29 C), mortality rate could increase by 4.1%
accordingly.

Tehran, as well as most megacities in the world, is faced with thermal phenomenon mainly due to some
environmental issues, such as high population density, the presence of non-standard structures at the level of
the city, air pollution, climate change, and the lack of green space because of the drastic changes in land use
and its conversion into other uses. Perhaps, urban heat island is considered as the most obvious example of
the human impact on the climate on a local and regional scale. It is regarded as one of the hazards of the
environment emerging when the natural surface is replaced by buildings, roads, and other facilities of urban
structures (Rezaeei Rad and Rafieyan 2017; Braungart et al. 2008). So, this research can also be useful and
significant in terms of the characteristics of TM (Tehran metropolis) and also 17 Sustainable Development
Goals (SDGs) as the 2030 Agenda for Sustainable Development, which must be fulfilled by all developed
and developing countries in a global partnership. (li, n.d.; Arslan, Durak, and Aytac 2016; Shmelev and
Shmeleva 2018).

For this purpose, it is essential to systematically study the temporal trends of UEs on urban environment
(ao et al. 2019) and in this regard, Remote sensing provided a new method for studying the earth surface
process, including LST (Kuang et al. 2016), and UHI (Mitz et al., n.d.). There have been many studies
investigating LST; for example, Tarig & Shu in 2020 used Landsat 5, 7, and 8 data for mapping seasonal
LULC and LST distributions during May and November of the years 1990, 1998, 2004, 2008, 2013, and
2018 in Faisalabad, Pakistan, to study the effect of urban growth. the research is aimed at predicting seasonal
Land-Surface-Temperature (LST) as well as Land-Use and Land-cover (LULC) with a Cellular-Automata-
Markov-Chain (CA-Markov-Chain)(Tarig and Shu 2020).

Guha et al. in 2020 used premonsoon Landsat satellite sensor in the years 2002, 2006, 2010, 2014, and 2018
to monitor the interrelationship of land surface temperature (LST) with normalized difference vegetation
index (NDVI) in Raipur City of India. The results describe that the mean LST of Raipur City is gradually
increased over time. Also, the value of mean NDVI1 is higher in Landsat 8 data than Landsat 5 and Landsat 7
data (Guha, Govil, and Diwan 2020).

Kim et al. in 2019 used Landsat TM 5 in 2004 and Landsat 8 TIRS in 2014 and combined them with parcel-
based land use information, which contained data on BCR, FAR, and zoning-based land use type. The study
investigated how changes in land surface temperature (LST) from 2004 to 2014 were attributable to zoning-
based land use type in Seoul in association with the building coverage ratio (BCR), floor area ratio (FAR),
and a normalized difference vegetation index (NDVI1) in Seoul (Kim et al. 2019).

In general, this research intends to evaluate Spatio-temporal changes in different periods, as well as some of
the effective factors influencing the thermal phenomena, the vulnerability of each factor in terms of thermal
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phenomena, and the correlation of each factor with LST and the final correlation with thermal phenomena to
reduce future risks and increase environmental quality in megacities like Tehran. This facilitates the planning
among human activities, and distribute facilities, population, and accessible space for activities
appropriately. Finally, it seeks to provide appropriate practical solutions for urban Spatio-temporal planning
to manage future prospects and increase environmental quality to help urban planners and managers to be
directed towards sustainable development.

Methodology

As mentioned earlier, the effect of urban Heat Island is one of the most significant problems of urban
communities. Tehran, as well as other big cities in the world, is facing this phenomenon because of the
environment-related issues, including population density, the presence of high-rise buildings, non-standard
urban structure, air pollution, climate change, and the lack of green space due to the drastic changes in land
use.

In this research, new and applied technologies, such as Spatio-temporal GIS and Remote sensing (thermal
remote sensing) are used to have a temporal and spatial view of the city (the study area of Tehran). In
addition, spatial information systems because of having the ability to perform a variety of mapping,
modeling and combining layers and land use planning, such as TerrSet 2020 that regulates human activities,
proper distribution of facilities and population and accessible space for activities are carried out to
investigate the environmental problems of Tehran city. Using thermal changes, measurement techniques,
land-use changes, vegetation, air pollutants, and meteorological parameters can prepare different maps
(Vahidnia, Vafaeinejad, and Shafiei 2019; Vafaeinezhad et al. 2009).

Therefore, studying urban heat islands and their changes is possible by calculating the surface temperature of
the land. Radiative transfer equation method as an LST retrieval method was used in this study. After the
calculation of LST through RS and GIS-based Spatio-temporal methods and QGIS for over 20 years, the
zoning of the land surface temperature was finally carried out.

In the next stage, zoning maps of each of the effective factors were prepared to investigate the relationship
between each of the related factors. For this purpose, after calculating LST and preparing its relevant maps
for studying the relationship between land-use changes on urban heat islands, the maps of land-use and
changes were prepared using satellite imagery, field observations and visits, and remote sensing-based
methods, including supervised classification methods (Sertel et al. 2008) during the period 1985-2020.
NDVI is a famous vegetation index that is used in calculating vegetation changes. NDVI is applied to
guantify vegetation greenness and is useful in understanding vegetation density and assessing changes in
plant health. In addition, the NDVI index is a numerical index for vegetation detection. The vegetation index
was investigated using remote sensing methods and the maps were prepared by combining near-infrared
wavelength and red wavelength for over 20 years in cold and hot seasons.

To prepare the maps of meteorological indicators and air pollution separately, the data related to the 15
meteorological climate and pollution relevant indicators for the hot and cold seasons were validated for this
purpose, and the samples of test and train were selected and validated using geostatistical analysis and
mathematical algorithms of each index. Finally, zoned maps in GIS were prepared using statistical analysis,
such as IDW for all of the 15 climate parameters and 6 air pollution indices over 20 years.

To map the density zoning of buildings, after collecting and implementing the information in GIS, a density
zoning map was prepared using geostatistical analysis.

Finally, after preparing all of the basic maps, including land surface temperature, land use, NDVI, climate
parameters, main indicators of air pollution and building density, first spatial correlation between each of the
influential variables and land surface temperature was conducted, and in the next step, the correlation of all
effective factors and land surface temperature was determined using Spatio-temporal GIS. Eventually, to
investigate the vulnerability of the Tehran metropolis, its zoning map in GIS was prepared and analyzed
using geo-statistical methods.

Results & Discussion
As the graphs 1 to 4 showed, the peak of LST changes in 2020 in the hot seasons was about 315-320 kelvin
(42-47 degrees Celsius) and in comparison, in 2013 in the same season it was about 310-315 kelvin (36-41
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degree Celsius). In the cold seasons of 2020, the peak of LST changes was between 310 and 315 kelvin (36-
41 degree Celsius) and in 2013 in the same season, it was about 310 kelvin (36 degree Celsius).

Data Value

Data Value

Data Value

Data Value

Arbitrary Profile Arbitrary Profile

3 W |
Y | [
f-m 4 1 ‘\'“ 1

1‘ | |
R ||‘ u § 1 ‘ ‘II‘ ‘l . N kS
305 A H‘ Rt m S
| ”‘u’ “' i '*.‘ I ! \l'||‘I M ,‘ ] | | ,\‘I\ i ”ﬁ 1 i ‘I'I E
F | I I J ' I R [T | L 8
300 \ ’ E
L | \f
205 & o : - L ! ‘ ‘ ‘
500 1000 1500 0 200 400 600 800
Transect Transect

Figure 1. The Horizontal (region 22 to 4) & vertical (region 1 to 20) graphs of BT
(Brightness temperature) in 2013.10
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Figure 2. The Horizontal (region 22 to 4) & vertical (region 1 to 20) graphs of BT
(Brightness temperature) in 2020.09
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Figure 3. The Horizontal (region 22 to 4) & vertical (region 1 to 20) graphs of BT
(Brightness temperature) in 2013.05
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Figure 4. The Horizontal (region 22 to 4) & vertical (region 1 to 20) graphs of BT
(Brightness temperature) in 2020.05

The study showed detailed analyses and monitoring of LST by using the newest RS and GIS methods and

some

extensions. Also, land use/cover changes were investigated by applying modern tools of remote

sensing, such as land change modeler. This was a significant step toward warning the related authorities of

the ci

rcumstances of the Urban heat island changes. Such studies aim to contribute to the managers,

decision-makers, and urban planners by informing them on the past and current LST changes, and
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influencing illegal urbanization through appropriate urban management, environmental policy, and the future
predictions of the urban sprawl, before such problems turn out to be irreversible. In developing countries,
satisfactory urbanization attempts need to be more consciously made by the authorities.

The current study emphasizes that the factors, such as vegetation and land use or construction are directly
related to surface temperature; therefore, in areas of the city where there is more vegetation, the surface
temperature is lower. Also, according to the research and zoning maps, some climatic parameters, such as air
temperature have a significant and positive correlation with surface temperature. Based on the results, in the
northern areas of the city where the air temperature is lower, the surface temperature is low as well.
However, the factors, such as humidity and precipitation have a negative correlation with LST. This
parameter can play an important role in reducing surface temperature, especially in coastal areas(Bektas
Balcik 2014).

Nevertheless, some climatic parameters, such as wind speed and wind direction have different stances and
behaviors. The present study shows that despite the prevailing wind direction from the west and the wind
speed from the western areas of the city, the intensity of hot spots in the western areas of Tehran is more than
that in other areas. These results indicate that the direction and speed of wind in order to create a balance in
surface temperature are subject to other parameters, including urban structures. According to the high-rise
buildings in the west of Tehran and some activities, including commercial and industrial ones, such cases
have a very positive correlation with the urban heat island.

The correlation analysis was performed on the relationship between the density of buildings and their
Heights and LST using various Spatio- temporal GIS models. The results showed a positive correlation
between built-up land and LST. All models indicate that the development of built-up land has contributed to
the temperature rise in the region. So, the positive correlation between IBI (representing built-up land) and
LST suggests that the artificial surfaces can strengthen the UHI effect.

Other factors that can be considered as controllable ones in the discussion of urban heat islands are the main
air pollutants, including NO2, SO2, CO, CO2, PM2.5, and PM10 ppm. The results showed that air pollutants
and surface temperature have a positive correlation with each other, because in addition to the western areas
of the city, the southern ones, including areas 15 and 16 are as well involved in urban heat island due to the
existence of large combined cycle power plants. In the areas 9, 18, and 21 where industrial and workshop
activities are done, hot thermal spots are seen and this by itself leads to the intensity of the Urban heat island.
In the LST maps, regardless of main air pollutants, the heat island is the most concentrated in the western
areas of the city, while in the correlation maps between the pollutants and the surface temperature hot
clusters are formed in the southern and southeastern regions.

In this research, after examining each of the effective factors and preparing zoning maps, their spatial
correlation with surface temperature was measured using multiple geostatistical algorithms, and finally, the
zoning of the city was done based on the vulnerability of regions using Spatio-temporal G1S-based methods.
The zoning results show that the western areas of the city, including regions 22 and 21, affected by high-rise
construction and industrial, workshop, and commercial activities, have the highest vulnerability in the
thermal island debate, showing how the activities are distributed. It is effective in creating an urban thermal
island. Regions 2 and 5, where population concentration, as well as building density, has increased over the
years, have also shown greater vulnerability in the thermal island debate. Therefore, in general, the role of
urban construction in creating hot spots is significant.

Considering the discussions about wind direction and wind speed, we conclude that urban structure and
construction indicators play a very important role in creating a thermal island; thus, sustainable urban
development policies have their true meaning here. This shows that it is possible to reduce the intensity of
the urban heat island by modifying urban planning.

Air pollutants also serve an important role in intensifying hot spots in the city and the urban heat island.
Besides the western regions of Tehran, the southern ones and regions 15 and 16 are high-risk because of the
increase in air pollutants in the discussion of vulnerability. The industrial and workshop activities, or the
ones that lead to an increase in air pollutants, including power plants, should consider environmental
management programs agreeing with the urban structure and related standards.
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This research showed the possibility and a wide power of using satellite images and RS-GIS-based methods.
The study aims to provide more information for the researches who have tendencies to study on UHI and
heat island phenomena.

This investigation highlights the use of Spatio-Temporal GIS and investigates the UHI in big and populated
cities like Tehran. Moreover, it considers the most effective factors and their correlation and relationship
with LST. Finally, the zoning of the vulnerability of different regions is determined.

Conclusion

Some studies showed that the countries and governments which have paid attention to urban environmental

management in addition to physical and social development have prevented urban crises and complications;

thus, they have taken some steps towards sustainable development. Conversely, the countries and

governments which have neglected the environment in planning, designing, implementing construction

projects, urban management, monitoring, and evaluating urban development projects have always faced

crises and challenges. (Kaya 2007; Kavzoglu 2008). Among the UN-HABITAT SDGs goals, SDG 11

focuses on sustainable cities(United Nations 2019).

The current study emphasizes the necessity for an additional tool to translate global targets into local actions.

To determine the targets of local actions, which will help in attaining SDG 11, it is quite necessary to

develop Urban planning based on environmental indicators. For this purpose, careful planning must be made

to achieve the goals of sustainable development considering both controllable and uncontrollable variables

which can improve the condition of the cities and reduce heat islands (Rezaeei Rad and Rafieyan 2017).

Totally, Spatial analysis of hot and cold spots in Tehran metropolis showed that the number of thermal

clusters has increased in the last decade, which demands for proper urban management more than before. In

this regard, studying of the effective parameters on urban heat island, including land-use, vegetation, climatic

indices, air pollutants and density of buildings can also help the planners and urban managers to take safer

and more accurate steps towards urban management.

Based on the study, some policies and programs that can be considered are as follows:

— Changing the pattern of construction and density of buildings.

— Creating a green belt and green space in and around the city due to the per capita shortage of green space.

— Strengthening the connection to public transport systems and installing public transport stations. This is
effective in reducing air pollutants and the severity of the thermal phenomenon.

— Controlling industrial activities within urban areas, considering strict standards, and monitoring the
performance of the unit in terms of compliance with environmental standards.

— Reducing urban traffic load by considering the correct rules in traffic management, and increasing access
to pedestrians, bicycles, and public transportation.

— Developing and implementing deterrent laws on land-use change, vegetation expansion, and compliance
with green city construction standards.

— Changing the urban planning pattern by focusing on green roofs, cool paving and changes in materials
used.

— Constructing high-rise buildings in the wind’s direction and air corridors must be avoided.

— Changing urban construction with appropriate urban standards.

— Improving the geometric conditions of the passages, the width of the streets and alleys, and creating a fit
between the width and the height of the buildings.

— Forming the city in a way that the flow of air increases.
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