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Abstract

Land use change and land cover are considered as one of the important and effective factors on
global environmental change, so understanding and predicting the causes, processes and
consequences of land use change has become a major challenge on the planet. Today, remote
sensing technology and GIS are used effectively to identify and quantify land use change and its
effects on the environment. The physical development of cities and the expansion of its dimensions
is one of the important factors in urban land change that has many environmental, economic and
social consequences. In the past few decades, the city of Tehran has faced numerous urban growth
and development and surrounding towns, which has caused extensive changes in the urban lands
of Tehran and surrounding areas. In this study, the trend of land use changes in Tehran in the past
few decades has been studied. In the present study, using Landsat 8 satellite images, the change
and transformation of lands in Tehran from 2013 to 2020 was monitored. Images were pre-
processed and classified according to the LCZ model in 17 classes. Then, they were classified in
SEGA GIS software and analysed by image difference and post-classification methods. The results
of image processing and classification show that urban lands are constantly growing and barren
lands are increasing on a very small and slow scale. Also, land with dense vegetation has decreased
from 2013 to 2020, which in itself can cause serious damage to urban planning for city managers.
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1. Introduction

Land use and land cover as one of the important and effective factors on global environmental change.
Land use change affects a wide range of environmental and natural resource characteristics such as water
quality, terrestrial and air resources, processes and functions of ecosystems and climate systems (Ahmad,
2014). Therefore, timely and accurate detection of such changes is the basis for a better understanding
of the relationships and interactions between humans and natural phenomena, and thus provides better
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management and better use of natural resources (Rostaie et al., 2014). The physical growth of cities may
have several environmental, economic and social consequences, so that the physical development of
cities due to the sharp increase in population and related activities causes a wide change in land use
around cities (Chadchan & Shankar, 2012). Land use change has generally caused many problems such
as destruction of natural areas (forests and pastures), destruction of agricultural land, water pollution,
soil erosion, increase floods, decrease environmental quality, reduced ecological capacity to produce
natural resources, increased land prices and reduced forest and agricultural lands (Akbari et al., 2016).
One of the most important issues in land management and sustainable development is recognizing land
cover or use and the process of their change. In fact, one of the main preconditions for optimal land use
is knowledge of land use patterns and knowledge of changes in each use over time, which can be
predicted in the future by knowing the trend of change over time. Urbanization is an important
component in the transformation of the world's lands (Samadzadegan ea at., 2012). Despite the small
percentage of urban land in the world, irregular urban development may lead to widespread changes in
the environmental conditions of other land uses. Physical development of cities is a dynamic and
continuous process during which the physical boundaries of the city and their physical spaces increase
in vertical and horizontal directions in terms of quantity and quality (Sahebjalal & Dashtekian 2013).
Urban development is moving towards the outer regions and causing changes in the use of the
surrounding lands. Land use change includes changing the type of land uses and changing the distribution
and spatial patterns of activities and land uses. Land use changes in case of incompatibility and lack of
management may have several negative effects on the quality of resources and soil, species and the status
of urban and rural residents (Xian &Crane, 2006). Over the past three decades, due to periodic repetition,
spectral and radiometric diversity, integrated vision and digital format suitable for computer processing,
remote sensing data is a very suitable data source for various applications, including the preparation of
land cover maps. One of the special applications of distance monitoring is environmental monitoring or
detection of changes. In the past, environmental monitoring was based on field methods and conventional
large-scale photography (Tekle, 2001). Obviously, this method is effective for small and accessible
environments and the resources that are located in desert and hard-to-reach areas are not recognizable in
this method, while the field method requires significant costs and time. Satellite data is able to accurately
and partially detect environmental changes, especially for remote locations, as well as a wide range, and
in addition to saving time and study costs (Sardashti et al., 2010).

Sofianian et al. (2009) studied land use changes for the city of Isfahan between 1987 and 1998. The
data used in this study were Landsat satellite TM sensor data. In order to detect the changes, the vector
analysis method of changes was applied to the images. The results showed that vector analysis of changes
is a suitable method for detecting and describing radiometric changes in the time series of multispectral
satellite data. The location of the change maps also showed that during the mentioned years, the city has
been further south and southeast (Eshaghi et al., 2016).

Using remote sensing and GIS data, Sain and Khanduri (2013) detected land use changes in Punjab,
India between 1991 and 2006. The data used in this study were TM, ETM sensor data from Landsat
satellite and IRS (-Chadchan & Shankar, 2012). The method of detecting changes was performed after
classifying satellite images.

The desired land use areas were obtained and compared with each other. These researchers consider
remote sensing and GIS 28 as an efficient and optimal way to generate spatial information and land use
planning. Today, remote sensing and GIS technology are among the top and most efficient technologies
in the study of environmental change. These techniques are known as primary data sources for studies
of land use change and land cover change as well as resource management in recent decades, which has
had a significant impact on land management and urban planning.

Houet and Pigeon (2011) used the UCZ scheme to classify the city level in Toulouse and to stimulate
related weather conditions based on in situ observations and remote sensing data (Birhane et al., 2019).
Emmanuel and Krueger (2013) applied the LCZ in the densely populated city of Glasgow and examined
the impact of urbanization on local customer change using 50-year historical data.

Middle et al. (2014) used the ENVI-met model to simulate the local thermal environment in Phoenix and
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proposed neighborhood design schemes following the LCZ classification system. The application of
LCZ in land surface classification for climate and planning purposes is discussed in the above studies.
Most cities, however, are largely adapted by low- and middle-rise buildings, with restrictions on high-
end sample sites. Further testing and applications of LCZ are necessary in high-density cities (Garedew
et al., 2009).

2. Methods and Materials
2.1. Study Area

The city of Tehran is located at 51 degrees and 6 minutes to 51 degrees and 38 minutes east longitude
and 35 degrees and 34 minutes to 35 degrees and 51 minutes north latitude. Its height from the open
water level varies between 1800 meters in the north to 1200 meters in the center and 1050 meters in the
south. Tehran is located between the Alborz Mountains and the northern edge of the central desert of
Iran in a relatively flat plain. Its settlement area leads from the south and southwest to Shahriar and
Varamin plains. In the north and east, with the natural limit of the geographical space of Tehran in the
mountains and plains, it is determined by two rivers, Karaj in the west and Jajroud in the east, which join
near the salt desert in the southeast of Tehran.
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Figure 1. Study area
2.2. Data Used

In this research, Landsat 8 satellite sensor images were used on 10/18/2013 and 9/19/2020. These
images are ground reference and are located in the UTM image system in the northern 39th district. The
images are available for free on the US Geological Survey at http://www.u5g5.gov.com. The images
used in this research are all radiometric corrections for all bands and then atmospheric correction for
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multi spectral and thermal bands separately. Due to the importance of geometric correction accuracy on
the accuracy of change detection results due to pixel-by-pixel comparison of satellite images with each
other, these images must be perfectly geometrically compatible with each other. Before processing and
comparing these images, geometric correction was performed on them. Due to the reference ground of
the mentioned images, from type of geometric corrections, image to image recording was performed.

Table 1. Specifications of the data used

year Institution ID LANDSAT Imaging date
LC08_L1TP_164035_20131018_20180526_01_T1 B1 2013/10/18
LC08_L1TP_164035 20131018 20180526 01 T1 B2 2013/10/18
LCO08_L1TP_164035_20131018_20180526_01_T1_B3 2013/10/18
LC08_L1TP_164035 20131018 20180526 01 T1 B4 2013/10/18

2013 LCO08_L1TP_164035_ 20131018 20180526 _01 T1 B5 2013/10/18
LCO08_L1TP_164035_20131018_20180526_01 T1 B6 2013/10/18
LCO08_L1TP_164035_ 20131018 20180526 _01 T1 B7 2013/10/18
LCO08_L1TP_164035_20131018_20180526_01_T1 B10 2013/10/18
LCO08_L1TP_164035_ 20131018 20180526 _01_T1 B11 2013/10/18
LCO08_L1TP_164035_20200919 20201006_01_T1_B1 2020/09/19
LCO08_L1TP_164035_20200919_20201006_01_T1_B2 2020/09/19
LCO08_L1TP_164035_20200919_20201006_01_T1_B3 2020/09/19
LCO08_L1TP_164035_20200919 20201006_01_T1 B4 2020/09/19

2020 LCO08 L1TP 164035 20200919 20201006 01 T1 B5 2020/09/19
LCO08_L1TP_164035_20200919 20201006 _01 T1 B6 2020/09/19
LCO08_L1TP_164035_20200919 20201006 _01_T1_B7 2020/09/19
LCO08_L1TP_164035_20200919 20201006_01_T1 B10 2020/09/19
LCO08_L1TP_164035_20200919 20201006_01_T1 B11 2020/09/19

2.3. LCZ Model

The UCZ scheme is the most universal classification among the above classification systems, but
focuses more on modern and developed urban scenarios. With the expansion of UCZ classification work,
the LCZ classification system was introduced by Stuart and Oke (2012) to standardize climate
observations and facilitate global communication in climate studies. Seventeen major local climatic
zones have been identified according to known building forms and types of land cover. Mapping methods
have been successfully integrated into the LCZ classification system, which documents and reports
spatial information intuitively (Belay and Mengistu 2019; Zhang et al., 2016).

Many cities, such as Nancy, Toulouse, Bilbao, Glasgow, Uppsala, Nagano, and Vancouver, have
applied the LCZ classification system to classify land surface characteristics and standardize site
selection for climate greenhouses (Kandissounon et al., 2018; Kayet and Pathak 2019; Akpoti et al.,
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2016).
2.4. LCZ Mapping Methods

There are basically three LCZ classification methods according to data sources and analytical
methods: manual sampling, remote sensing and GIS. Because manual sampling is time consuming and
may lead to biased results by different operators, it is not usually applied in city-wide LCZ mapping.
Remote Sensitivity relies on object-based image analysis or pixel-based classification techniques to
develop LCZ classification maps from satellite imagery (Arsiso et al., 2018). Pixel-based monitoring
method is integrated into the Global Urban Database and Portal Access Tool (WUDAPT) (Yalew et al.,
2016). This provides a fast and inexpensive way to classify LCZs based on NASA-supported Landsat
remote sensing images (Sobrino et al., 2014).

The GIS method uses more time than the remote sensing method or the manual sampling method,
which requires a comprehensive set of planning data. Depending on the data structure, there are two
types of GIS methods: Vector method and raster-based method. The vector method has the advantage of
creating a cover for objects, because it can follow the exact boundaries of the elements of the ground
cover. In comparison, the checkerboard method is more consistent at the geographic scale and more
powerful in statistical analysis for its integrated checkerboard networks (Shang and Chisholm 2014; Raj
and Vijayan, 2012; Moriasi et al., 2007; Hataminejad et al., 2017). Previous LCZ studies have generally
used the vector method in mapping local climatic zones (LCZ).

The LCZ classification scheme divides the landscape into 17 classes, each with a different surface
structure, land cover, and human-induced heat dissipation characteristics (hereinafter referred to as
"physical characteristics") that affect local temperature. LCZ maps have become an important source of
data for studies in urban climatology and urban planning. In a more general context, the LCZ
classification scheme has also been proposed as a standard framework for mapping the urban form on a
global scale, as it can provide information about the basic physical characteristics of each urban area.
For this purpose, we show the 17 classification classes of this model in Figure 2 (Gomez et al., 2016;
Mahendra et al., 2015).
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Figure 2. LCZ model classification classes

3. Results and Discussion

WUDAPT represents a standard workflow for producing LCZ maps that show different types of built-
in and natural land cover. This consists of three main steps: First, Landsat image pre-processing: Landsat
images were converted into an image to cover the study area. Then, this image was sampled from a
resolution of 30 meters to 100 meters and cut to fit the area. Second, the selection of training examples:
Polygons, training examples for all types of LCZs available from Google Earth based on local knowledge
are digitized, as shown in Figure 3.

In this article, each type of LCZ includes about 20 training samples that have been collected from East
Tehran - West Tehran - South Tehran - Central Tehran and North Tehran. Third, LCZ classification by
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random forest classifier: Landsat pre-processed images and selected training samples were used to teach
random forest classification (Ward et al., 2000). Using the LCZ classification tool in GIS SAGA
software. In Figures 4 and 5, you can see the map produced by this model for 2013 and 2020.

The stochastic classifier acts as the ideal compromise between the accuracy obtained and the
computational performance among the previously tested classifiers. In addition, the classifier is non-
parametric and this is necessary because each LCZ can have completely different patterns or appearances
in a city. Also, random forest without the need for additional test data provides error estimation without
bias (Muzein 2006; Garedew et al., 2009). Hence it as the final configuration for LCZ classification.
Each tree in the classification is constructed using a sample in which about one-third of the observations
are omitted. Once all the trees have been created, the resulting class for a set of inputs is based on a
majority vote. Finally, manual corrections were made to the historic LCZ maps, which are based on the
assumption that the types built do not go back to the natural land cover types. According to the 2013
LCZ map as a reference, the areas that are known as the built type, and we have done the same process
for 2020.
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Figure 3. 17 story training sample map of LCZ model
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Figure 4. Classified map of 2013 Figure 5. Classified map of 2020

After analyzing the classes classified in the maps used, the amount of each class is prepared as a bar
chart for 2013 and 2020 for the LCZ model, which we show in Figures 6 and 7.
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Figure 6. Graph of area in 2013 in square meters
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Figure 7. Graph of area in 2020 in square meters

3.1. Assessing the Accuracy of Classification

No classification can be cited until its accuracy has been assessed, except when pixels are sampled as
a pattern for spectral or information classes. Assessing the spectral reflectance of classes and their
separability can also be done simultaneously (Eshaghi et al., 2016).

Therefore, to ensure the accuracy of the classification, the accuracy of the classification is evaluated
(Jafari, 2009). One of the most common methods of expressing classification accuracy is to prepare a
classification error matrix (Hajabasi et al., 2001; Zhou et al., 2004). The error matrix compares the
relationship between known reference data (terrestrial facts) and the related results of an automated
classification by category.

In an error matrix, the parameters of overall accuracy 3, manufacturer accuracy 4, application accuracy
and kappa coefficient are calculated. These parameters are the most common parameters for estimating
accuracy (Sharifikia et al., 2010). As a result, the error matrix and the mentioned parameters were
calculated with the samples taken from the field visits and Google Earth software.

It should be noted that due to the number of 17 classification classes, the error rate in this method is
lower than other classification methods such as maximum similarity, minimum distance, iso Data.
Therefore, because our study area is the city of Tehran and a large amount of data from each class is
defined in it, the accuracy of this method is lower than the usual methods, which can be seen in Tables
2 and 3 (Rabie et al., 2005).
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Table 2. Assessing the accuracy of the 2013 user map

Overall Accuracy = (89/141) 63.1206%
Kappa Coefficient = 0.5974
Class Prod. Acc. User Acc. Prod. Acc. User Acc.
(Percent) (Percent) (Pixels) (Pixels)
compact mid-r 91.67 52.38 11/12 11/21
open mid-rise 50.00 46.15 6/12 6/13
light weight 58.33 58.33 7/12 7/12
large low-rise 16.67 50.00 2/12 214
sparsely built 50.00 50.00 6/12 6/12
industry 66.67 50.00 8/12 8/16
dense trees 66.67 80.00 8/12 8/10
scattered tree 25.00 75.00 3/12 3/4
bush-scarab 66.67 72.73 8/12 8/11
cropland 83.33 66.67 10/12 10/15
Breland 100.00 80.00 12/12 12/15
water 88.89 100.00 8/9 8/8
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Table 3. Assessing the accuracy of the 2020 user map
Overall Accuracy = (91/141) 64.5390%
Kappa Coefficient = 0.6130
Class Prod. Acc.  User Acc. Prod. Acc. User Acc.
(Percent)  (Percent) (Pixels) (Pixels)
compact mid-r 91.67 52.38 11/12 11/21
open mid-rise 33.33 28.57 4/12 4/14
light weight 58.33 70.00 7/12 7/10
large low-rise 25.00 75.00 3/12 3/4
sparsely built 50.00 66.67 6/12 6/9
industry 91.67 57.89 11/12 11/19
dense trees 50.00 60.00 6/12 6/10
scattered tree 25.00 37.50 3/12 3/8
bush-scrub 66.67 88.89 8/12 8/9
low plants 91.67 68.75 11/12 11/16
Breland 100.00 100.00 12/12 12/12
water 100.00 100.00 9/9 9/9

4. Conclusion

The results of overall accuracy and kappa coefficient obtained in Landsat 8 images to investigate the
amount of changes in the Tehran region using the LCZ method showed that satellite images are capable
of detecting changes. In this study, results with relatively high accuracy according to the method
performed compared to similar research have been obtained (Sanjari 2013; Ebrahimi et al., 2016). Due
to the use of Google Earth software images in the preparation of educational points, the high level of
educational points and accuracy in selecting educational points. Over time, land cover patterns and
consequently land use change fundamentally and the human factor can play the most important role in
this process (Bewket, 2002). One of the factors affecting land use is population growth. Urban
development is closely related to the rate of urban population growth and in this regard, the natural
increase of the city, the rate of net migration to the city, the transfer of population construction of non-
urban communities to the city and the construction of urban population are the main factors (Katpatal at
al., 2008; Schneider, 2012).

Migration, as one of the political, economic and social disabilities that has a major impact on the
creation of new socio-economic structures, has a major role in the development of the city and its change
of use. As a result of the results, it can be concluded that urban areas with green space between them in
2020 has a significant growth compared to 2013. Barren lands have increased in 2020 compared to 2013,
S0 we can say that the outskirts of Tehran are increasing. And it can be predicted that in the coming years
this wasteland will become residential or other uses. As a result, given that knowledge of land use
patterns and its changes over time is a prerequisite for the optimal use of national capital (Qin and
Karnieli, 1999). Therefore, the extraction of land use roles can be considered as the most important goal
in the management of the urban management base. Currently, the use of remote sensing technology is
the best tool for extracting maps related to land uses (Mahendra et al., 2015; Xu et al., 2008).

In natural resource management and environment and urban management, planning for land use,
preparing land use maps and recognizing the potential and talent of lands is necessary and is an important
source of information for adopting principled policies and developing development plans. Therefore,
land use information, as basic information, plays a very important role in the management of natural and
urban resources (Xu et al., 2012). But the problem with urban planning, which almost all natural resource
planners and policymakers agree on, is that resources are declining and will continue to be exploited
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with current methods (Abedine and moghimi, 2011).
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