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EECCITERE o SR The urbanization occurs everywhere, especially in developing

countries and is the process of changing the social order and transforming the landscape of a city.
However, urbanization always leads to the growth of slums or informal settlements. The
development of urban areas with dense and complex slum areas requires extensive planning and
very accurate and reliable information. The process of collecting data using traditional methods is
time-consuming and expensive.

Remote sensing is used to identify, identify and monitor slum settlements in space and
time and better understand the physical effects of slums. But due to the complexities of the slum
areas and the spatial resolution of satellite images, it is not possible to use satellite images to
prepare accurate maps with high details. With the emergence of unmanned aerial vehicle (UAV) as
an imaging platform and the use of these images for aerial photogrammetric mapping of UAVs, its
applications in various fields have increased day by day. Due to their portability, accuracy, low cost,
and high imaging speed, UAVs have attracted attention in many research fields to obtain the latest
information about target areas. Due to the use of non-metric cameras in UAV photogrammetry,
camera calibration is necessary is carried out in the UAV image processing software using the
bundle adjustment technique. However, the conventional aerial photogrammetry imaging
structure, i.e. obtaining vertical images with overlaps, due to the dependence between the camera
calibration parameters and the external orientation parameters of the camera, cannot achieve high
accuracy in the 3D maps. In addition, due to the low height of UAV images, more hidden areas are
created in the 3D photogrammetric model. In this research, vertical and oblique UAV images with
angles of 30 and 45 degrees were used to prepare a three-dimensional map of the slum area with
high density and complexity, and the accuracy of the vertical and oblique images was evaluated
using control points in the study area.

The high resolution of UAV images and the generated orthomosaic makes it possible to
recognize details and provides a better understanding of the earth's features. For example, walls
with a thickness of ten centimeters and power lines with a thickness of two centimeters can be
seen. As a result, urban planners can determine the boundaries of buildings with high accuracy and
produce cadastral maps with high accuracy. Oblique images are distinguished by a wider field of
view than vertical images. It is also possible to see areas hidden under obstacles such as plants,
buildings and narrow alleys. This feature provides high accuracy that can be used in projects that
require detailed descriptions, such as cultural heritage protection projects and urban projects that
require details such as building facades and height estimates.

In this research, vertical and oblique UAV images were used to prepare a 3D map of
the slum area, and based on the results, the total error of oblique images is 6.2 and 8.3 cm for
oblique images with angles of 30 and 45 degrees, respectively. While the total error of vertical
images is equal to 16.1 cm. This comparison shows the superiority of the accuracy of oblique images
compared to vertical images.
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Table. 1: UAV camera specifications

Camera Model Resolution Focal Length Pixel Size

Test_Pro (10.26mm) 5472 x 3648 10.26 mm 2.41x2.41pm
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Table 2: Camera calibration parameters
Value Error F Cx Cy K1 K2 K3 P1 P2
F 2572.12 7.1 1.00 -0.76 -0.57 -0.43 -0.68 0.91 0.79 -0.64
Cx 56.409 0.1 1.00 0.44 0.32 0.53 -0.70 -0.51 0.49
Cy -24.1578 0.074 1.00 0.25 0.39 -0.52 -0.45 0.45
K1 -0.002685 3.2e-05 1.00 -0.35 -0.05 -034 0.27
K2 -0.003354 5.6e-05 1.00 -0.92 -0.54 0.44
K3 0.002229 4.1e-05 1.00 0.72 -0.59
P1 0.001260 4.5e-06 1.00 -0.52
P2 -0.000615 2.6e-06 1.00
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b

Fig. 7: Digital Elevation Model
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Fig. 8: Orthomosaic
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Table 3: Mean error of camera centers for vertical images

Total error

(m)

X error (m) Y error (m) Z error (m) XY error (m)

2.4 34 30.2 4.2 30.4
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@B ol (o) S bl 5o W ¥ Jguer
Table 4: Errors in GCPs for vertical images
Label X(i::))r Y(i::)’r z(i::)’r Total (cm)
1 4.7 1.7 9.1 10.4
4 6.3 -4.4 -14.2 16.2
8 -1.7 4.7 27.4 27.9
10 -0.006 -2.2 -12.7 12.9
11 1.7 -0.6 -16.1 16.2
15 4.1 1.7 5.5 7.1
18 -3.2 -0.4 16.5 16.9
21 -5.9 -4.0 -10.8 12.9
24 -6.1 34 14.1 15.8
Total 4.3 3.0 15.2 16.1
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Fig. 9: Details in vertical images
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Table 5: Mean error of camera centers for oblique images (30-degree angle)

X error (m) Y error (m) Zerror (m) XY error (m)  Total error (m)

3.1 1.9 3.5 3.7 5.1
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Table 6: Mean error of camera centers for oblique images (45-degree angle)

X error (m) Y error (m) Zerror (m) XY error (m) Total error (m)

2.0 17 3.0 2.6 4.0
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Table 7: Errors in GCPs for oblique images (30-degree angle)

Label X error (cm) Y error (cm) Zerror (cm) Total (cm)
1 31 -2.2 -4.0 5.5
4 11 -1.6 -2.43 3.1
8 15 1.6 6.2 6.7
10 0.0 -4.0 -1.7 4.4
13 33 1.9 -7.7 8.6
16 -0.3 2.0 2.6 33
18 -1.9 -1.4 4.2 4.8
22 0.2 0.1 -4.8 4.8
24 -7.0 3.6 7.6 11.0

Total 2.9 2.3 5.0 6.2
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Table 8: Errors in GCPs for oblique images (45-degree angle)

Label X error (cm) Y error (cm) Zerror (cm) Total (cm)
1 45 1.6 -6.6 8.2
8 -0.7 -2.2 3.8 4.5
13 5.6 15 -8.9 10.7
18 -2.2 -2.8 5.2 6.3
24 -7.3 1.9 6.6 10.0
Total 4.7 2.1 6.5 8.3
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EEESCITCREG MO ISR This research aims to present a novel approach for retrieving soil
parameters from the combination of Sentinel-1 satellite data and the OH model. This information can

aid in improving land management and increasing agricultural productivity. Accurate determination
of soil parameters such as roughness and moisture is crucial for efficient land agriculture
management and decision-making. Conventional ground-based methods for obtaining these
parameters are often limited in spatial coverage and are frequently found to be time-consuming and
costly. On the other hand, remote sensing techniques, especially those utilizing SAR satellite data,
offer the potential for a more effective and comprehensive solution for monitoring soil conditions in
vast areas. This study focuses on three main questions related to soil roughness and moisture
parameters, emphasizing their significance for agriculture and their impact on soil science and
agricultural processes. It also underscores the potential of remote sensing techniques, particularly
the acquisition of satellite data, in providing effective and comprehensive solutions for monitoring
soil conditions in extensive areas. Soil roughness and moisture are highly important for agriculture
and can have significant impacts on crop growth.

This research is focused on investigating and analyzing the soil moisture and roughness
parameters of an agricultural land in Nazarabad County. The process includes data collection,
preprocessing, radar data calibration, and validation. Radar data for this study is obtained from the
Sentinel-1 satellite. The use of radar data from this satellite for monitoring agricultural lands day and
night and conducting comprehensive research on the subject is highly valuable. The input data
underwent preprocessing in the SNAP software, involving the use of filters to remove noise spots and
geometric corrections. The necessary inputs for solving the OH model equations from polarized
images, especially HH and VV, were obtained after the aforementioned settings using SNAP software.
Statistical analysis involves extracting vital information such as Sigma Naught (o) and incidence angle
(B) for each pixel, which are crucial for the OH model. Polarized images, after adjustments, were
further used for analysis. Next, the equations written for each pixel were individually solved in
MATLAB programming software, and the values of the root mean square height (s) for obtaining
roughness and the dielectric constant (€) - a key parameter for estimating soil moisture content, i.e.,
soil moisture (mv), for all pixels were obtained. Finally, matrices related to these values were
transformed into the output image, generating a map displaying information on soil moisture and
roughness.

EIFIITE Based on the results obtained, it has been demonstrated that the values of dielectric
constant, roughness, and humidity are very sensitive to the initial solver parameters. In particular,
the dielectric constant exhibits significant sensitivity, which may be reduced by improving the
solution method. Roughness profile analysis shows that the rms height varies in different regions and
increases the scattering with the increase of roughness. Additionally, moisture content analysis
indicates that the humidity is relatively uniform throughout the area.

This study demonstrates that the use of Sentinel-1 satellite data in conjunction with the
OH model leads to a significant improvement in access to reliable information for enhancing
agricultural management. This approach has the capability to analyze spatial and temporal variations
in soil roughness and moisture, providing vital information for optimizing agricultural practices.
Substantial soil condition improvements lead to more precise monitoring and better productivity in
agriculture, offering the potential for more accurate monitoring of soil conditions and enhanced
productivity in the agricultural domain. These assessments can provide valuable insights for
agricultural land management and decision-making processes, contributing to increased efficiency
and environmental conservation.
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Incidence angle_mean 38.9256
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Radar_frequency(GHz) 5.405
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Fig. 2: Flowchart of work steps
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EE IR T Kol T fi=EH Nowadays, the development of urbanization and the increase of
urban population have caused the air to heat up more than in the past and create urban heat

islands. Urban heat islands are a phenomenon caused by the urbanization effects, due to
which the temperature in the urban environment rises higher than in the suburbs. This
phenomenon can cause irreparable damage due to the increasing atmospheric and
environmental temperature, such as biological pollution, greenhouse gas emissions, diseases
caused by heat, and impact on water quality brought to communities and the environment.
This research proposes an effective and efficient approach with the help of remote sensing
and optimization algorithms based on replacing the roof covering of an area with less heat-
absorbing coverings to reduce the temperature and try to eliminate the heat island
phenomenon. In this research, we are trying to reduce the urban heat island effect based on
algorithms and statistical parameters affecting the ambient temperature, which has had few
studies in past research. Also, using the intelligent optimization method in this field can cause
innovation and create better and more accurate results. The new way that this study
examines is to change the roof covering of an area with other functional coverings that reduce
the air temperature in that area. The coverings that we considered to replace the covering of
the roofs to moderate and cool the temperature of the studied area are two types of
coverings: soil and vegetation.

The proposed approach of this research is to use two optimization algorithms of
genetic and particle swarm, and the parameters that form the objective function of these two
algorithms are the temperature standard deviation and the average financial cost of the
coverage changing of each building parcel. The research dataset is Landsat 8 satellite images
of Andisheh neighborhood in Tehran. This research uses satellite images for purposes such as
preparing color images, mapping the vegetation and non-vegetation indices of the study area,
and calculating the earth's surface temperature and urban heat islands.

The results indicate that both optimization algorithms have provided good
performance and improved the problem parameters, but the genetic optimization algorithm
obtained a better result in less time and iteration. In comparing the two algorithms, the
genetic optimization algorithm reduced the standard deviation by 19%, bringing its value to
0.42. On the other hand, the particle swarm optimization algorithm for a longer time, reduced
the standard deviation by 14%, bringing its value to 0.44.

The genetic algorithm in optimizing the building roofs obtained excellent results
with a total cost of 4678 and a standard deviation of 0.4177. It converged quickly with the
12100 number of objective function evaluations and significantly reduced both the cost
function parameters (The genetic algorithm has reached the best possible answer). The
particle swarm optimization algorithm also failed to achieve an answer as good as the genetic
algorithm with a total cost of 4965, a standard deviation of 0.4430, and a 20100 number of
objective function evaluations. About the comparison between these two algorithms, the
genetic, with less than 3000 objective function evaluations, was able to experience the most
optimal solution that particle swarm algorithm reached with the 20100 number of function
evaluations. The use of metaheuristic algorithms in practical problem optimizations, which
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we frequently encounter in various industries today, can be very efficient. The results of these
algorithms are very suitable despite the differences in the outputs, and it will be impossible
to reach such answers to different problems without using such algorithms. In future work,
based on what we obtained in this research, we suggest using other optimization algorithms
or even powerful modeling algorithms such as artificial neural networks. Also, it is possible to
study the change in building roof covers and the use of newer coverings in moderating the
temperature by adopting new parameters from the cost function in optimization and deep
learning algorithms.
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Table 1: Band specifications of Landsat 8
Spectral Spatial Temporal Radiometric
1 (pm) Resok (m)  Resol (days)  Resolution (bits)
Coastal 0.43-045 30
Blue 0.45-0.51 30
Green 0.53-0.59 30
Red 0.63-0.67 30
NIR 0.85-0.88 30
SWIR-1 1.57-1.65 30 16 12
SWIR-2 211-229 30
Pan 0.50 —0.68 15
Cirrus 1.36-1.38 30
TIR-1 10.60 —11.19 100
TIR-2 11.50 —12.51 100
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Table 2: The relative price of each cover in the study area
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Table 3: Urban indices used in this research

Jge s ol el
Formula Index name
SWIR1—-TIRS1
NDBal =——— (Normalized Difference Bareness Index) pb yeo ool Jloy Lol  ,asld
SWIRL+TIRS1 2 g oadfley A2 o2
SWIR1—-NIR
NDB| =——— (Normalized Difference Build-up Index) , Sleislw oo Jloy  Jolas  jasls
SWIR1+NIR < Jor (ol o

. (SWIR1+RED)—(NIR +BLUE)
~ (SWIRL+RED)+(NIR +BLUE)

(Bare Soil Index) b S asls

i :M (Urban Index) (5 yems oL
SWIR2+NIR

IBl =

2xSWIR1 NIR GREEN
SWIR1+NIR _(NIR +RED GREEN + SWIRl) (Index-based Built-Up Index) Los asls glesls jasls

2x SWIR1 +( NIR  GREEN ]
SWIR1+ NIR NIR+RED GREEN +SWIR1
EBBI =M (Enhanced Built-Up and Bareness Index) U (yaoj § (gleislo aidlioguy asli

10+/SWIR1+TIRS1 ) o

SWIR1 = Short-wave Infrared Imagery
7ol 3 obsS goe jo 3 y93le pglad
SWIR2 = Short-wave Infrared Imagery
Y il 53 oGS ge 70,8 ygole nslas
TIRS1 = Thermal Infrared Imagery
Veoail o (Gl 58 gole nslas
NIR = Near Infrared Imagery
D Wl ;3 a3 503 ogsbe ol
RED = ‘Red’ Visible Band Imagery
¥ ol ) 508 (S0 poleas
GREEN = ‘Green’ Visible Band Imagery
Yol 58 s (G0 sl
BLUE = ‘Blue’ Visible Band Imagery
Vil o ol e sl
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Table 4: Vegetation indices used in this research

Jsei oLl ol
Formula Index name
NDVI = NIR —RED (Normalized Difference Vegetation Index)  »LS idsy ool Jloy Lol jasls
 NIR+RED
NIR —RED
EVI=G
NIR+C,RED—-C,BLUE +L (Enhanced Vegetation Index) LS idg axiliogus asls

L=1,C,=6,C,=7.5G=25

SAVI = NIR —RED (L+1) 1=05 (Soil Adjusted Vegetation Index) ol iig SB Lo jasls
NIR+RED+L
NDWI = NIR — SWIR1 (Normalized Difference Water Index) 1 oad by Lol jasls
~ NIR+SWIR1
MINDWI = GREEN —NIR (Modified Normalized Difference Water Index) g;l oddzdsl g oas Jlo 5 ol jaxli
GREEN +NIR

i (Tasseled Cap Transformation) _Salus Jos
Brightness, Greenness, Wetness ’
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Fig. 4: Mappings related to color images, vegetation indices, non-
vegetation indices and Tasseled transformation
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Table 5: Values related to initial parameters and genetic algorithm operators
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Values Parameters
100 BTN
Repeat round
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Population size
30 S ey
Crossover percentage
20 O 20

Mutation percentage
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Fig. 3: Graphical user interface related to urban heat island calculation of input
data (satellite images of Tehran's Andishe neighborhood)
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Table 8: Statistical results of the particle swarm algorithm implementation effect
on the problem parameters
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Table 9: Statistical results of the genetic algorithm implementation effect on the
problem parameters for 15% of the region roofs
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Table 10: Statistical results of the particle swarm algorithm implementation
effect on the problem parameters for 15% of the region roofs
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to determine suitable coatings for 15% the region roofs
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Table 12: Statistical results of the particle swarm algorithm implementation
effect on the problem parameters for 5% of the region roofs
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Table 11: Statistical results of the genetic algorithm implementation effect on
the problem parameters for 5% of the region roofs
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Fig. 15: Heat island results of (a) genetic and (b) particle swarm algorithms to determine suitable coatings for 5% of the region roofs
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Today, urbanization is expanding and it is predicted that by 2030, more than
two-thirds of the world's population will live in cities. This population needs spaces such as residential,
business, leisure, etc. to live. This has led to changes in the natural environment to create the said uses. These
changes have various consequences on the environment and human life, which can be mentioned as the
increase of impervious levels in the city and the reduction of green space. Based on this, the city environment
acts as a heat collector and creates heat islands due to the production of more heat due to the consumption
of fossil fuels as well as the presence of impermeable surfaces and tall buildings. The main reason for the
formation and intensification of urban heat islands is the change of the land surface due to the uneven
development of the city. Today, detailed and comprehensive investigation of urban thermal islands, which is
related to the growth of the city, has been noticed by city managers. Remote sensing is one of the best tools
to detect this phenomenon. This article examines the influence of urban environment structure on thermal
changes in Tehran.

To achieve this goal of the research, to determine the trend of temperature changes in 22 regions
of Tehran in the period from January 1, 2013 to January 1, 2023, coding was done in Google Earth Engine. For
this purpose, the shape file of Tehran city was prepared and after calling the shape file in Google Earth Engine,
remote sensing images of MODIS 11A2 006 Terra satellite were extracted. These images were 460, which
were converted into much smaller and higher resolution images by the reducer of the Google Earth Engine
system. Then, according to the required data received from the MODIS 11A2 006 Terra satellite, the average
ground surface temperature trend at night, the ground surface temperature change trend, the ground surface
temperature transect trend and the average ground surface temperature change trend at night for the 22
regions of Tehran in the interval The period from January 1, 2013 to January 1, 2023 was examined.

After measuring the data, areas 10, 11, and 12 in the center of Tehran had the least, and areas 1, 3,

and 4 in the northeast of Tehran and areas 21 and 22 in the northwest of Tehran had the most thermal changes
in time. The temperature of the ground surface in areas 1, 3, 4, 21 and 22 with an average of 288.6 K, were
the hottest areas in Tehran.
(L EHETE The results showed that the urban heat islands created in Tehran are different based on the
factors that cause temperature changes. This difference is primarily due to land use and land cover in the
disproportionate and unbalanced development of the city and indicates the close relationship between land
cover and surface temperature. Also, the correlation study between land cover and land surface temperature
showed that there is an inverse relationship between these two parameters and there is no direct relationship
between population density and land surface temperature in some areas. Considering the nature of the
research, this research can be effective in reducing the intensity and expansion of urban heat islands with
proper planning for better and more use of water and green space.
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Fig. 7: Geographical location of 22 districts of Tehran (left) and average night LST (right) in them
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Fig. 14: The most distribution of uses in the 22 districts of Tehran Source: [35]
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Exploring Factors Influencing High Volume of Requests to Rescue Centers: A
Geographically Weighted Regression Analysis
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ABSTRACT

Spatial data mining techniques offer optimal efficiency in
Received: 26 January 2024 scenarios demanding thorough examination and extraction of results from extensive data
Reviewed: 15 April 2024 sources. Emergency calls, due to their gravity and the involvement of rescue and emergency
Revised: 24 April 2024 forces, present a scenario well-suited for geographical data mining. Typically, environmental
Accepted: 21 May 2024 science and geography researchers employ models such as ordinary least squares (OLS)

regression to understand spatial relationships between variables. However, OLS has
limitations, particularly at the local scale, prompting the utilization of Geographically

KEYWORDS: Weighted Regression (GWR) in this study to address these shortcomings.

Emergency and Rescue Centers (YIETEER This study employs OLS and GWR methods to analyze the relationship between the
Geographically Weighted high volume of emergency calls in Dallas, USA, and the influencing factors. Various statistical
Regression tests were employed for evaluation. Dependent variables include the number and dispersion
Geospatial Information of emergency calls, while independent variables encompass population, education levels,
Ordinary Least Square peak call hours, and distance from the city center. Spatial-statistical analysis and mapping

were conducted using ArcGIS Pro software.
[EFINEEY Results indicate that population, education levels, distance from the city center, and

* Corresponding author peak call time respectively exert the greatest influence on the occurrence of emergency calls.
& mh vahidnia@sbu.ac.ir In the OLS method, Koenker and Jarque-Bera indices, assessing model stationarity and
@ (+9821) 29902281 residual normality respectively, did not yield satisfactory results. Evaluation of both OLS and

GWR models revealed an R”2 value of approximately 0.61 for GWR and 0.41 for OLS,
suggesting greater proximity to reality in the GWR model. Spatially, the weight of population
parameter is higher in central city areas, while the weight of peak call time parameter is more
pronounced in northern, southern, and western regions. Additionally, the weight of education
level parameter is higher in southern parts of the city.

Collectively, the identified factors exhibit a cumulative effect on the occurrence
of emergency calls, enabling prediction of future occurrences. Leveraging these insights,
appropriate tools can be devised for optimal management and control of regional issues.
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Table 1: Results of ordinary least square method taking one independent

variable
p-value jlais 5 Jaitewl glas )  yiio
p-value value Standard error Coefficient Variables
0/000020 90/344745 395/390706 Intercept
0/000000 0/020526 0/224094 Population
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Table 2: Obtained statistics based on different tests on the ordinary least square
model
polie Jsd BB jolas 6)Lo'| sl asls
Amounts Acceptable values Statistical indicators
0/284337 >0/5 Multiple R-Squared [d]
0/281952 >0/5 Adjusted R-Squared [d]
0/000000 <=0/05 Joint F-Statistic [e]
0/000000 <=0/05 Joint Wald Statistic [e]
0/000010 >0/05 Koenker (BP) Statistic [f]
0/000000 >0/05 Jarque-Bera Statistic [g]
ol Sl [ ike' i iteri
4793/668585 b bl o> Akaike's Information Criterion

As low as possible (AlCc) [d]
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Fig. 4: Test of normalization in OLS model using one independent variables: Histogram of standard deviations (Right); Prediction graph (Left)
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Fig 5: Regression analysis using ordinary least square method with four independent variables
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Table 3: Results of obtained values for four variables using ordinary least square

method
p-value ,lais 5 laitinl glas oy [FYUELo
p-value value Standard error Coefficient Variables
0/000671 855/729122 -2946/297808 Intercept
0/000000 0/026573 0/315667 Population
Max Call
0/000041 51/612667 216/324785 Time(s)
0/000022 0/030054 -0/130698 Education
0/000030 0/001980 -0/008470 Distance(m)
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Table 4: Statistics obtained from various tests on the ordinary least square
method with four independent variables

seolie 3 6 polie sl sl sl
Amounts Acceptable values Statistical indicators
0/408744 >0/5 Multiple R-Squared [d]
0/400781 >0/5 Adjusted R-Squared [d]
0/000000 <=0/05 Joint F-Statistic [e]
0/000000 <=0/05 Joint Wald Statistic [e]
0/000011 >0/05 Koenker (BP) Statistic [f]
0/000000 >0/05 Jarque-Bera Statistic [g]
4742/203199 onb oSelas b Akaike's Information

As low as possible Criterion (AICc) [d]
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Fig. 6: Test of normalization in OLS model using four independent variables: Histogram of standard deviations (Right); Prediction graph (Left)
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EEL G RET G N ISR Traffic accidents are a major public health concern worldwide,
causing significant loss of life and property damage. To reduce the number of traffic accidents,

it is crucial to identify where and when recurrent accidents occur. These accidents often
follow specific spatial and temporal patterns and may form clusters, representing areas of
concentrated accidents within a geographical space. Therefore, analyzing traffic accidents in
both spatial and temporal dimensions is essential for determining the most effective and
sustainable solutions. Isfahan province is among the provinces in the country with high
accident rates in Suburban areas. Previous research conducted in Isfahan province has
predominantly relied on statistical methods and has not adequately addressed the spatial and
temporal aspects of accidents.

This study aims to address the gaps in previous research by determining the spatial and
temporal patterns of urban traffic accidents in Isfahan province and visualizing these patterns
using spatial statistical methods in a GIS environment. The novel aspect of this research lies
in utilizing spatial statistical techniques to identify and analyze the spatiotemporal patterns
of urban accidents in Isfahan province at different time intervals and intensity levels.

The spatial and temporal patterns of traffic accidents in Isfahan Province were
investigated using suburban traffic accident data from March 2017 to March 2019. After
collecting the relevant data, performing necessary preprocessing, and preparing the data, the
spatial and temporal patterns of traffic accidents occurring on the main roads, highways, and
freeways of the study area were analyzed and identified using spatial statistical methods such
as the Average Nearest Neighbor test, Spatial Autocorrelation (Global Moran's 1), and
Optimized Hot Spot Analysis (Getis-Ord Gi* technique) at different levels in a GIS
environment.

Since the aim of this study is to identify the spatial-temporal patterns of suburban
traffic accidents in Isfahan Province, the spatial distribution pattern of accident events was
first examined using the Average Nearest Neighbor and Spatial Autocorrelation (Global
Moran's I) methods. The results indicated the presence of a strong clustering pattern in the
traffic accident data during the study years in Isfahan Province. Then, an optimized Hot Spot
Analysis was performed on the entire dataset of accidents using the Getis-Ord Gi* method.
Subsequently, the analysis was conducted on the dataset of each level separately, considering
different levels such as time of day, day of week, month, year, and accident severity level. The
results of the Getis-Ord Gi* analysis at different levels showed that the majority of hot spots
with a 99% confidence level are located on the routes leading to the provincial center, namely
Isfahan City, as well as the neighboring populous cities. These areas experience the highest
volume of traffic and congestion, and the accident density decreases significantly with
increasing distance from the provincial center.

Based on the results of the Spatial Autocorrelation analysis of accidents and the
hot spot maps at the studied levels, the results showed that accidents are clustered in some
areas of Isfahan Province. Proximity to the provincial center and major populated cities has a
significant impact on the concentration of traffic accidents in this region. The frequency of
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accidents decreases with distance from major urban centers. The results of this study and the
insights gained about the spatial and temporal patterns of traffic accidents can be used to
develop new strategies, guide transportation managers and stakeholders, make decisions,
and take suitable proceedings to effectively improve the safety of accident-prone areas.
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Fig. 2: Spatial distribution of traffic accidents within the study area. The red circle
indicates the accident events.
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Fig. 1: The geographical location of the study area. The purple area indicates the center of Isfahan Province
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Average Nearest Neighbor Summary
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Clustered Random Dispersed

Given the z-score of -150.854887, there is a less than 1% likelihood that this clustered pattern
could be the result of random chance.

Average Nearest Neighbor Summary
Observed Mean Distance: 221.5142 Meters
Expected Mean Distance: 2181.5374 Meters

Nearest Neighbor Ratio: 0.101540

z-score: -150.854887

p-value: 0.000000
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Fig. 3: Statistical results of the average nearest neighbor test
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Given the z-score of 138.959724, there is a less than 1% likelihood that this clustered pattern
could be the result of random chance.

Global Moran's I Summary
Moran's Index: 0.858143
Expected Index: -0.000130
Variance: 0.000038
z-score: 138.959724

p-value: 0.000000
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Fig. 4: Statistical results of Spatial autocorrelation report with the Moran's
| significance graph, Z-score, and P-value.
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Fig. 5: Optimized hotspot analysis at the aggregate level using the complete dataset of accidents. Red, orange, and yellow cells indicate hotspots with confidence levels

of 99%, 95%, and 90%, respectively. Dark blue, light blue, and gray cells represent cold regions with confidence levels of 95%, 99%, and 90%. Pale yellow cells are
considered insignificant for hot and cold spots. The purple area denotes the provincial capital, Isfahan
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Table 1: Summary of hotspot statistics for each of the levels: Time Interval, day, month, year and severity level, and the occurrence of accidents at 99% confidence level

(GiBin = 3)
99% lwobl o ;o Slolas £485 v )s 99% ylivabsl mlavs jo Slislas slass Slolas gl 8
The percentage of accidents at the 99% The number of accidents at the 99% Frequency of Level
confidence level confidence level. accidents
40.98 352 859 00-06 AM Sley osk
Time
51.18 956 1868 06-12 AM Interval
57.38 1516 2642 12-18 PM
56.80 1316 2317 18-24 PM
60.04 613 1021 e
Saturday
50.00 509 1018 Sy
Sunday e g,
hes Day of the
51.53 540 1048 9 week
Monday
47.04 501 1065 S
Tuesday
4oz
52.18 574 1100 Wednesday

48.17 607 1260 e



H. AghaMohammadi Zanjirabad et al. @Aar)

OlylKan 5 0b/puzij stamoliT s

99% Luobl o ;o Slslas £48g ws s 99% ylisebl mlaw jo Slislas oloss Slolas Syl 3
The percentage of accidents at the 99% The number of accidents at the 99% Frequency of Level
confidence level confidence level. accidents
Thursday
Axo>
49.03 584 1191 Friday
BN a
30.17 194 643 02292
21 Mar-20 Apr
34.97 214 612 “iges)
21 Apr-21 May
33.43 221 661 ols >
22 May-21 Jun ols
. Month
49.09 379 772 %
22 Jun-22 Jul
49.67 379 763 ols e
23 Jul-22 Aug
355 830
42.77 D9 A
23 Aug-22 Sep
A 7
56.40 370 656 e
23 Sep-22 Oct
42.49 266 626 LT
(6
23 Oct-21 Nov
58.12 315 542 3]
)
22 Nov-21 Dec
55.79 294 527 o
22 Dec-20 Jan
41.98 212 505 ot
21 Jan-19 Feb
44.52 252 566 )l
20 Feb-19 Mar
3770 21 M 1;3]?7 20
5231 1972 ar 2017 to Ju
Mar 2018 Year
3933 21 M 1;3;8 20
50.83 1999 ar 2018 to
Mar 2019
11.95 90 753 ) Do
Fatal Coslas
.5446 3785 6950 Accident
T Severity
Injury
9 L.S"lin )Lo‘ Lgl.mk)uﬁ) )l GDLO.u»‘ L\ &..O.L\JM C}Ja.m )«) QLQ,H.«o‘ UL».M:‘ 6 - -

Gl Lewly ol o .85 )18 o 0,90 GIS Laze ;o (ganabes>
(Suo2dg> s 9 ANN (slo g, 51 ool b Sldolas x595
sl a5 0 ol Sibles @l 00 gy Sl | olhse S
Oygody lal Jliwl 2 o)) S Judos 5l eolainl b 0 psael
395 59,0k (Sloj 0)99 (S chlisee mhans iy B 5o s (IS
as GI*)LAT FUER W @Lwl.u.u 9 GBolas Sad 9 JL..J wlo dlan

w250 (GIS) S Sledlbl lagins (iolay sl glaans o
Sl s G @i Giledae sl Gisre slo)lnl ool w2l
agS ol il oad (Sl ool dlex 5l aeilSe (slaslayg,
Silos rar g Silwo S wil B (0903 Jupend jslaieds GIS (Lol
Oeizead 5 o] & bgje slaadiss 5 Slbolas slaslayg, Cuage
oolil Lol o By, ol sl mye cuenl Lol
30 S8l Slslar gloj- S Jod oo caslla o cpl j0 0590 0



J. RS. GEOINF. RES. 2(1): 79-96, Winter & Spring 2024

Aay)

VPl jlgy 5 Hliwoj o) o los o F ule o G0 SleMb] g 459 j/ yizmiw o jing 3 ole 4 pid

algorithm  approach. SN  Applied Sciences
https://doi.org/10.1007/s42452-020-3125-1.

2020;2.

[2] World Health Organization. Road traffic injuries [Internet].
2023 [cited 2023 Dec].

[3] Li M, Xie H, Shu P. Study on the Impact of Traffic Accidents
in Key Areas of Rural Roads. Sustainability 2021;13:7802.
https://doi.org/10.3390/su13147802.

[4] Tola AM, Demissie TA, Saathoff F, Gebissa A. Severity, Spatial
Pattern and Statistical Analysis of Road Traffic Crash Hot Spots
in Ethiopia. Applied Sciences 2021;11:8828.
https://doi.org/10.3390/app11198828.

[5] Moradi A, Rahmani K, Hoshmandi Shoja M, Rahimi Sepehr H,
Khorshidi A. An overview of the situation of traffic accidents in
Iran in comparison with Other Countries. Journal of Forensic
Medicine [Internet]. 2016;22(1 (Serial 77)):45-53. [In Persian]

[6] Naghavi M, Shahraz S, Bhalla K, Jafari N, Pourmalek F, Bartels
D, Puthenpurakal JA, Motlagh ME. Adverse health outcomes of
road traffic injuries in Iran after rapid motorization. Archives of
Iranian Medicine. 2009;12(3):284-94.

[7] Bhalla K, Naghavi M, Shahraz S, Bartels D, Murray CJL.
Building national estimates of the burden of road traffic injuries
in developing countries from all available data sources: Iran.
Injury Prevention 2009;15:150-6.
https://doi.org/10.1136/ip.2008.020826.

[8] Iranian Students News Agency (ISNA). [Internet].1398. [In
Persian]

[9] Zeynali S, Hosseinali F, Sadeghi Niaraki A, Kazemi Beydokhti
M, Effati M. Spatial Analysis of Accidents at the suburban
Intersections Using Kernel Density Estimation and Spatial
Autocorrelation Methods. Journal of Geospatial Information
Technology. 1394;3(2):21-42. [In Persian]

[10] Ahmed LA. Using logistic regression in determining the
effective variables in traffic accidents. Applied Mathematical
Sciences 2017;11:2047-58.
https://doi.org/10.12988/ams.2017.75179.

[11] Liu C, Sharma A. Exploring spatio-temporal effects in traffic
crash trend analysis. Analytic Methods in Accident Research
2017;16:104-16. https://doi.org/10.1016/j.amar.2017.09.002.

[12] Sun H, Wang Q, Zhang P, Zhong Y, Yue X. Spatialtemporal
Characteristics of Tunnel Traffic Accidents in China from 2001 to
Present. Advances in Civil Engineering 2019;2019:1-12.
https://doi.org/10.1155/2019/4536414.

[13] Li Y, Abdel-Aty M, Yuan J, Cheng Z, Lu J. Analyzing traffic
violation behavior at urban intersections: A spatio-temporal
kernel density estimation approach using automated
enforcement system data. Accident Analysis & Prevention
2020;141:1055009. https://doi.org/10.1016/j.aap.2020.105509.

[14] Haji Mirza Aghasi N. Introducing GIS as legitimate
instrument to deal with road accident data: a case study of Iran,

iy s ooli] Slslai sym 5 p,8 slaader alolis ol
50 o bl slaaiss 4y ax g3l oges &1 SC31 5 Sldolay 51 oesly
S35 0g ol 5l (Sl adllas ol @l (o) 9550 sl
5 09 o0 0y bl 35 4 siie slojygme o LI Clislas
Dol (o515 2 (hol g Comoz iy slojed 5 Gleal S 10 L sl
als lislas 35,05 o1 51 Aol Ly s gl il Sl
A e gl ol ol (S8 wald b cllal pgas 0 ailiee
Lol slaelos 5l oslial a5 oy olas imed ol @ls sy oo
Gol> bla «ololay a595 565! lulid ;o GIS e o Sl
cob s clislas lej - lSe sl 5 Y (g ol Copanl b 5
2Bloe Sy ilie

5 bl dols blas gloj- Sl oSl olulis 4 a>gly
Gloolz &5 g o 5 g o]y iyl ol ¢ i oyl 51 ol il
el 318 )13 Cugll & Coms a0 039> Gl BT S el
oigd ;S Slslas ghils sl jgmee (ol 2l 3l 5 (6505 5 eens
el b 205 oo b slovol) (o3 1ol el (5955 sl jgre
ool (53959 10 oy 4 Sy Cudgaze e g Lotal) (slaglls
Gy ols bl 45 uiliysl 5 sam! o claolSiny] iyl53l
slaws Lialdl ol Bas cowl 4 Frow Sle,cwas
2l @ argl Grizmen anled plidl g Gl el gbamge
2 Sbole 5 lajg, o sloj sloo,go e zolans )5 Els blis Joloxs
ol 59 ey oSyl 5 ooyl Lol 53l 4y Cops aiol>
Gblo gly wilg g0 by doly cpl 0,5 ©j50 p3Y Olladl o)l
5 el sl 2 a5 wad Slol 2 5 LS e glacenl b GgilS
9 dpogs iloads olulid glazas o

RSP RUR 1

5 Py OB dingi g Jole (soled j0 dlie pgo 5 Jol G a5
slasls o8 lie iy Z3lal 5 ieghy sy 9 2ok a0 p)lex

G;‘o)ass s.‘.n

5 pole oliT oBails jo 58s dla, 5 5l ise Jlo)l dlis
&S nl )d geiar a5 Slnje ads 5l gyl ) el clidies
Dl Josas ,Sid wlansls o Ko

&Ll (ol

Cowl oais o B g Jawg adlin (o)l aigS a»

Al g ol

[1] Yassin SS, Pooja. Road accident prediction and model
interpretation using a hybrid K-means and random forest


https://doi.org/10.1007/s42452-020-3125-1.%20‎
https://doi.org/10.1007/s42452-020-3125-1.%20‎
https://doi.org/10.1007/s42452-020-3125-1.%20‎
https://doi.org/10.1007/s42452-020-3125-1
https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries/‎
https://www.who.int/news-room/fact-sheets/detail/road-traffic-injuries/‎
https://doi.org/10.3390/su13147802.%20‎
https://doi.org/10.3390/su13147802.%20‎
https://doi.org/10.3390/su13147802
https://doi.org/10.3390/app11198828.%20‎
https://doi.org/10.3390/app11198828.%20‎
https://doi.org/10.3390/app11198828.%20‎
https://doi.org/10.3390/app11198828
https://sid.ir/paper/53553/fa
https://sid.ir/paper/53553/fa
https://sid.ir/paper/53553/fa
https://sid.ir/paper/53553/fa
https://doi.org/10.1136/ip.2008.020826.‎
https://doi.org/10.1136/ip.2008.020826.‎
https://doi.org/10.1136/ip.2008.020826.‎
https://doi.org/10.1136/ip.2008.020826.‎
https://doi.org/10.1136/ip.2008.020826
https://www.isna.ir/news/98111007051/‎‏%20‏
https://www.isna.ir/news/98111007051/‎‏%20‏
https://sid.ir/paper/230111/fa
https://sid.ir/paper/230111/fa
https://sid.ir/paper/230111/fa
https://sid.ir/paper/230111/fa
https://sid.ir/paper/230111/fa
https://doi.org/10.12988/ams.2017.75179.‎
https://doi.org/10.12988/ams.2017.75179.‎
https://doi.org/10.12988/ams.2017.75179.‎
https://doi.org/10.12988/ams.2017.75179
https://doi.org/10.1016/j.amar.2017.09.002.‎
https://doi.org/10.1016/j.amar.2017.09.002.‎
https://doi.org/10.1016/j.amar.2017.09.002.‎
https://doi.org/10.1016/j.amar.2017.09.002
https://doi.org/10.1155/2019/4536414.‎
https://doi.org/10.1155/2019/4536414.‎
https://doi.org/10.1155/2019/4536414.‎
https://doi.org/10.1155/2019/4536414
https://doi.org/10.1016/j.aap.2020.105509.‎
https://doi.org/10.1016/j.aap.2020.105509.‎
https://doi.org/10.1016/j.aap.2020.105509.‎
https://doi.org/10.1016/j.aap.2020.105509.‎
https://doi.org/10.1016/j.aap.2020.105509.‎
https://doi.org/10.1016/j.aap.2020.105509
https://doi.org/10.1007/s41324-017-0083-9.‎
https://doi.org/10.1007/s41324-017-0083-9.‎

H. AghaMohammadi Zanjirabad et al. Aa¥)

OlSan 5 0b/pij (s taoli] s

[26] Elvik R. A survey of operational definitions of hazardous
road locations in some European countries. Accident Analysis &
Prevention 2008;40:1830-5.
https://doi.org/10.1016/j.aap.2008.08.001.

[27] Bil M, Andrasik R, Sedonik J. A detailed spatiotemporal
analysis of traffic crash hotspots. Applied Geography
2019;107:82-90.
https://doi.org/10.1016/j.apgeog.2019.04.008.

[28] Steenberghen T, Dufays T, Thomas |, Flahaut B. Intra-urban
location and clustering of road accidents using GIS: a Belgian
example. International Journal of Geographical Information
Science 2004;18:169-81.
https://doi.org/10.1080/13658810310001629619.

[29] Noland RB, Quddus MA. A spatially disaggregate analysis of
road casualties in England. Accident Analysis & Prevention
2004;36:973-84. https://doi.org/10.1016/j.aap.2003.11.001.

[30] Cabrera-Arnau C, Prieto Curiel R, Bishop SR. Uncovering the
behaviour of road accidents in urban areas. Royal Society Open
Science 2020;7:191739. https://doi.org/10.1098/rs0s.191739.

[31] Eksler V, Lassarre S, Thomas |. Regional analysis of road
mortality in Europe. Public Health 2008;122:826-37.
https://doi.org/10.1016/j.puhe.2007.10.003.

[32] Ashraf I, Hur S, Shafig M, Park Y. Catastrophic factors
involved in road accidents: Underlying causes and descriptive
analysis. PLOS ONE 2019;14:e0223473.
https://doi.org/10.1371/journal.pone.0223473.

[33] Spoerri A, Egger M, von Elm E. Mortality from road traffic
accidents in Switzerland: Longitudinal and spatial analyses.
Accident Analysis & Prevention 2011;43:40-8.
https://doi.org/10.1016/j.aap.2010.06.009.

[34] Mohammadian M, Hajare A, Mohammadian Hafshejani A.
Incidence Trends of Injury and Mortality from Traffic Accidents
in Urban and Suburban Areas of Isfahan Province during 2002-
2010. J Police Med 2014; 3 (1). [In Persian]

[35] Mohammadi G. Road crash injuries and fatalities in Isfahan,
Iran from March 2006 to March 2009. International Journal of
Injury Control and Safety Promotion 2013;21:361-6.
https://doi.org/10.1080/17457300.2013.833946.

[36] Ghadiri Faraz B, Vaziri M, Aghili N, Bandeh khoda M.
Investigation of influential factors on the severity of traffic
accidents: case study: Isfahan city. The thirteenth International
Conference on Transportation Engineering and Traffic,
Tehran.1392. [In Persian]

[37] Tavakoli Kashani A, Jafari M, Azizi Bondarabadi M. A new
approach in analyzing the accident severity of pedestrian
crashes using structural equation modeling. Journal of injury &
violence research. 2021; 13(1):23-30.
DOI:10.5249/jivr.v13i1.1545

[38] Jafari H, Amini-Rarani M, Ranjbar M, Shafii M, Haj-Hashemi
A. Investigating the Effects of Social Determinants of Traffic

Tehran. Spatial Information Research
https://doi.org/10.1007/s41324-017-0083-9.

2017;25:151-9.

[15] Ma Q, Huang G, Tang X. GIS-based analysis of spatial—
temporal correlations of urban traffic accidents. European
Transport Research Review 2021;13.
https://doi.org/10.1186/s12544-021-00509-y.

[16] Haji Mirza Aghasi N. Application of GIS for Urban Traffic
Accidents: A Critical Review. Journal of Geographic Information
System 2019;11:82-96.
https://doi.org/10.4236/jgis.2019.111007

[17] Effati M, Rajabi MA, Hakimpour F, Sha'bani S. Analysis of
Spatial Factors Affecting the Concentration of Accidents on
Rural Roads Using GIS and Data Mining. [Internet].
1393;4(2):87-102. [In Persian]

[18] Wang M, Yi J, Chen X, Zhang W, Qiang T. Spatial and
Temporal Distribution Analysis of Traffic Accidents Using GIS-
Based Data in Harbin. Journal of Advanced Transportation
2021;2021:1-10. https://doi.org/10.1155/2021/9207500

[19] Zhang Y, Zhu F, Li Q, Qiu Z, Xie Y. Exploring Spatiotemporal
Patterns of Expressway Traffic Accidents Based on Density
Clustering and Bayesian Network. ISPRS International Journal of
Geo-Information 2023;12:73.
https://doi.org/10.3390/ijgi12020073.

[20] Hazaymeh K, Almagbile A, Alomari AH. Spatiotemporal
Analysis of Traffic Accidents Hotspots Based on Geospatial
Techniques. ISPRS International Journal of Geo-Information
2022;11:260. https://doi.org/10.3390/ijgi11040260

[21] Loo BPY, Anderson TK. Cluster Identifications in Networks.
In: Spatial Analysis Methods of Road Traffic Collisions. New
York: CRC Press; 2016. p. 161-75.

[22] Agyakwah M. Spatio-temporal patterns of vehicular
accidents in Accra (Ghana) [master's thesis]. Enschede, The
Netherlands: University of Twente; 2018.

[23] Aghajani MA, Dezfoulian RS, Arjroody AR, Rezaei M.
Applying GIS to Identify the Spatial and Temporal Patterns of
Road Accidents Using Spatial Statistics (case study: llam
Province, Iran).  Transportation  Research  Procedia
2017;25:2126-38.
https://doi.org/10.1016/j.trpro.2017.05.409.

[24] Mohammed S, Alkhereibi AH, Abulibdeh A, Jawarneh RN,
Balakrishnan P. GIS-based spatiotemporal analysis for road
traffic crashes; in support of sustainable transportation
Planning. Transportation Research Interdisciplinary
Perspectives 2023;20:100836.
https://doi.org/10.1016/j.trip.2023.100836.

[25] Alkhadour W, Zraqou J, Al-Helali A, Al-Ghananeem S. Traffic
Accidents Detection using Geographic Information Systems
(GIS). International Journal of Advanced Computer Science and
Applications 2021;12.
https://doi.org/10.14569/ijacsa.2021.0120462


https://doi.org/10.1007/s41324-017-0083-9.‎
https://doi.org/10.1007/s41324-017-0083-9
https://doi.org/10.1186/s12544-021-00509-y.‎
https://doi.org/10.1186/s12544-021-00509-y.‎
https://doi.org/10.1186/s12544-021-00509-y.‎
https://doi.org/10.1186/s12544-021-00509-y
https://doi.org/10.4236/jgis.2019.111007%20‎
https://doi.org/10.4236/jgis.2019.111007%20‎
https://doi.org/10.4236/jgis.2019.111007%20‎
https://doi.org/10.4236/jgis.2019.111007
https://sid.ir/paper/249267/fa
https://sid.ir/paper/249267/fa
https://sid.ir/paper/249267/fa
https://sid.ir/paper/249267/fa
https://doi.org/10.1155/2021/9207500‎
https://doi.org/10.1155/2021/9207500‎
https://doi.org/10.1155/2021/9207500‎
https://doi.org/10.1155/2021/9207500‎
https://doi.org/10.1155/2021/9207500
https://doi.org/10.3390/ijgi12020073.‎
https://doi.org/10.3390/ijgi12020073.‎
https://doi.org/10.3390/ijgi12020073.‎
https://doi.org/10.3390/ijgi12020073.‎
https://doi.org/10.3390/ijgi12020073
https://doi.org/10.3390/ijgi11040260‎
https://doi.org/10.3390/ijgi11040260‎
https://doi.org/10.3390/ijgi11040260‎
https://doi.org/10.3390/ijgi11040260‎
https://doi.org/10.3390/ijgi11040260
https://doi.org/10.1016/j.trpro.2017.05.409.‎
https://doi.org/10.1016/j.trpro.2017.05.409.‎
https://doi.org/10.1016/j.trpro.2017.05.409.‎
https://doi.org/10.1016/j.trpro.2017.05.409.‎
https://doi.org/10.1016/j.trpro.2017.05.409.‎
https://doi.org/10.1016/j.trpro.2017.05.409
https://doi.org/10.1016/j.trip.2023.100836.‎
https://doi.org/10.1016/j.trip.2023.100836.‎
https://doi.org/10.1016/j.trip.2023.100836.‎
https://doi.org/10.1016/j.trip.2023.100836.‎
https://doi.org/10.1016/j.trip.2023.100836.‎
https://doi.org/10.1016/j.trip.2023.100836
https://doi.org/10.14569/ijacsa.2021.0120462‎
https://doi.org/10.14569/ijacsa.2021.0120462‎
https://doi.org/10.14569/ijacsa.2021.0120462‎
https://doi.org/10.14569/ijacsa.2021.0120462‎
https://doi.org/10.14569/ijacsa.2021.0120462
https://doi.org/10.1016/j.aap.2008.08.001.‎
https://doi.org/10.1016/j.aap.2008.08.001.‎
https://doi.org/10.1016/j.aap.2008.08.001.‎
https://doi.org/10.1016/j.aap.2008.08.001
https://doi.org/10.1016/j.apgeog.2019.04.008.‎
https://doi.org/10.1016/j.apgeog.2019.04.008.‎
https://doi.org/10.1016/j.apgeog.2019.04.008.‎
https://doi.org/10.1016/j.apgeog.2019.04.008
https://doi.org/10.1080/13658810310001629619‎
https://doi.org/10.1080/13658810310001629619‎
https://doi.org/10.1080/13658810310001629619‎
https://doi.org/10.1080/13658810310001629619‎
https://doi.org/10.1080/13658810310001629619
https://doi.org/10.1016/j.aap.2003.11.001.‎
https://doi.org/10.1016/j.aap.2003.11.001.‎
https://doi.org/10.1016/j.aap.2003.11.001.‎
https://doi.org/10.1016/j.aap.2003.11.001
https://doi.org/10.1098/rsos.191739.‎
https://doi.org/10.1098/rsos.191739.‎
https://doi.org/10.1098/rsos.191739.‎
https://doi.org/10.1098/rsos.191739
https://doi.org/10.1016/j.puhe.2007.10.003.‎
https://doi.org/10.1016/j.puhe.2007.10.003.‎
https://doi.org/10.1016/j.puhe.2007.10.003
https://doi.org/10.1371/journal.pone.0223473.‎
https://doi.org/10.1371/journal.pone.0223473.‎
https://doi.org/10.1371/journal.pone.0223473.‎
https://doi.org/10.1371/journal.pone.0223473
https://doi.org/10.1016/j.aap.2010.06.009.‎
https://doi.org/10.1016/j.aap.2010.06.009.‎
https://doi.org/10.1016/j.aap.2010.06.009.‎
https://doi.org/10.1016/j.aap.2010.06.009
http://jpmed.ir/article-1-270-fa.html.‎
http://jpmed.ir/article-1-270-fa.html.‎
http://jpmed.ir/article-1-270-fa.html.‎
http://jpmed.ir/article-1-270-fa.html.‎
https://doi.org/10.1080/17457300.2013.833946.‎
https://doi.org/10.1080/17457300.2013.833946.‎
https://doi.org/10.1080/17457300.2013.833946.‎
https://doi.org/10.1080/17457300.2013.833946
https://civilica.com/doc/259469‎
https://civilica.com/doc/259469‎
https://civilica.com/doc/259469‎
https://civilica.com/doc/259469‎
https://civilica.com/doc/259469‎
doi:10.5249/jivr.v13i1.1545‎
doi:10.5249/jivr.v13i1.1545‎
doi:10.5249/jivr.v13i1.1545‎
doi:10.5249/jivr.v13i1.1545‎
https://doi.org/10.18502/jchr.v11i2.9997.‎
https://doi.org/10.18502/jchr.v11i2.9997.‎

J. RS. GEOINF. RES. 2(1): 79-96, Winter & Spring 2024

VEF Sl 9 ylinoj o) oplais o al o S0 eMbl g 495 1 yioinw 5l yidg 3y rale s pii

Olisd 1d 85 paatS IS Wil bl
SYlae .zl 089 GIS (oSS Dz
Sl g )8 pime Db yES )0 (g0
Slegdge ol odpm; Sl 4 Glig) Loy

S5 il 5 65l a5 0 Lxs
AghaMohammadi Zanjirabad, H. Assistant Professor at the
Department of Remote Sensing and GIS, Faculty of Natural
Resources and Environment, Islamic Azad University -Science
and Research Branch, Tehran, Iran
aghamohammadi@srbiau.ac.ir
S5 Syae sl (0l wumw
Soloy st lhee widige paass
oils I (S wledbl wbele 25l,5)
Jlo 5habl e olyes 5l yeal 4zl Saio
09,5 o Hholul laie 4y 9SG VYA
Sy ol (6 )lo s 4l ) jas wdige
cld a Jerde by ased e
9 oo 3 llie Ve v 5l iw Ola & 3850 (9L Ll il o
ol waars sleaie) loads (_J.Lo..”u,u o gl il s
98 5 oetle 6 T3k 3 )5 (K85 GIS (e gran Sga 5l o le

GIS ,5 cgan
Behzadi, S. Assistant Professor at the Department of Surveying
Engineering, Faculty of Civil Engineering, Shahid Rajaee
Teacher Training University, Tehran, Iran

behzadi@sru.ac. ir

onmns 09,5 plos Sliwol e JT yiuo! e
azlgr Saie oRuils S wledlbl
sl plasl il e oweb (pallpas
(e A, 5o LS"""""' 6,‘250 ‘5)_\_,0
oBuils 51 (GIS) Se SleMbl pinow
Oeitred bl ge (VWYY Il o SIS
6L®CAS)LJLA L§|).3 (GO Q\)lédié‘ 9 )-.’.‘5-‘?
OMxe 10 (6 ks Yo ilos )57 S 2RSS g ole ¢ Smio
Open il laaie; jo ol bwg Sl 5 )15 e
(Eaman g« by iy S GIS ¢ SlSe Sledbl sl
el 00y Sl 4y ... gHealth GIS

AleSheikh, AA. Full Professor at the Department of Geospatial
Information Systems, Faculty of Geodesy and Geomatics
Engineering, K. N. Toosi University of Technology, Tehran, Iran

alesheikh@kntu.ac.ir

Crash Mortality in Isfahan City. Journal of Community Health
Research 2022. https://doi.org/10.18502/jchr.v11i2.9997.

[39] Safaee M, Samani, RE, Abdolazimi R. Road traffic accident
fatality predictors: A case—control study in Isfahan. Archives of
Trauma Research, 2021; 10(4): 227-231

[40] Cover T, Hart P. Nearest neighbor pattern classification.
IEEE Transactions on Information Theory. 1967 Jan; 13(1):21-27.
DOI: 10.1109/TIT.1967.1053964

[41] Moore DA, Carpenter TE. Spatial Analytical Methods and
Geographic Information Systems: Use in Health Research and
Epidemiology. Epidemiologic  Reviews 1999;21:143-61.
https://doi.org/10.1093/oxfordjournals.epirev.a017993.

[42] Clark WAV, Hosking PL. Statistical Methods for

Geographers. John Wiley and Sons; 1986.

[43] https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-
statistics-toolbox/what-is-a-z-score-what-is-a-p-value.htm

[44] Ord JK, Getis A. Local Spatial Autocorrelation Statistics:
Distributional Issues and an Application. Geographical Analysis
1995;27:286-306.
https://doi.org/10.1111/j.1538-4632.1995.tb00912.x.

[45] Getis A, Aldstadt J. Constructing the Spatial Weights Matrix
Using a Local Statistic. Geographical Analysis 2004;36:90—-104.
https://doi.org/10.1353/ge0.2004.0002

OB a9 (S yro
AUTHOR(S) BIOSKETCHES

S (5 55 5 ey et NS
9 r>9l$ o _iils GIS 9 )5\) )‘ ,W_.w > A '.')
Sy il o ol oo ol olisss
095 5l G i) 50 5 1) ol el IS
Liaged A1 lyed s03lem oK iils 5IGIS 4
(S 59l 0ols (g i Slallas ;o GIS 0,5 : 5l 0 )le
Lo g (6 i Slalllas ;o RS (sloo 3,5 9 GIS o (il (5 S0k
S

Rahmati, M. Department of Remote Sensing and GIS, Faculty
of Natural Resources and Environment, Islamic Azad
University -Science and Research Branch, Tehran, Iran

E2Mahdis. rahmati@srbiau.ac.ir

Gy bz g (e molio 0uSCisls jLobiul GMGT s>
ol IS ablie 3 hams (g5 e ()8 i 5 pole olStils
—Olpes (et Ay jo 1) 055 paad (5,850 5 ol oWl S
@ OlE sk ol el azlss sais RS s (gl pasds


https://doi.org/10.18502/jchr.v11i2.9997.‎
https://doi.org/10.18502/jchr.v11i2.9997.‎
https://doi.org/10.18502/jchr.v11i2.9997
doi:%2010.1109/TIT.1967.1053964‎
doi:%2010.1109/TIT.1967.1053964‎
https://doi.org/10.1093/oxfordjournals.epirev.a017993.‎
https://doi.org/10.1093/oxfordjournals.epirev.a017993.‎
https://doi.org/10.1093/oxfordjournals.epirev.a017993.‎
https://doi.org/10.1093/oxfordjournals.epirev.a017993
https://doi.org/10.1111/j.1538-4632.1995.tb00912.x.‎
https://doi.org/10.1111/j.1538-4632.1995.tb00912.x.‎
https://doi.org/10.1111/j.1538-4632.1995.tb00912.x.‎
https://doi.org/10.1111/j.1538-4632.1995.tb00912.x
https://doi.org/10.1353/geo.2004.0002‎
https://doi.org/10.1353/geo.2004.0002‎
https://doi.org/10.1353/geo.2004.0002
mailto:alesheikh@kntu.ac.ir

H. AghaMohammadi Zanjirabad et al. %) OlSan 5 0b/pij (s taoli] s

Citation (Vancouver): Rahmati M, AghaMohammadi Zanjirabad H, Behzadi S, AleSheikh AA. [Investigation of
Spatio-Temporal Patterns of suburban Traffic Accidents in Isfahan Province in GIS Environment]. J. RS. GEOINF.
RES. 2024; 2(1): 79-96

L https://doi.org/10.22061/jrsgr.2024.10770.1058

COPYRIGHTS
© 2024 The Author(s). This is an open-access article distributed under the terms and conditions of the
BY NC Creative Attribution-NonCommercial 4.0 International (CC BY-NC 4.0)

(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/

J. RS. GEOINF. RES. 2(1): 97-112, Winter & Spring 2024

Journal of Remote Sensing and Geoinformation Research

(JRSGR)

Homepage: jrsgr.sru.ac.ir g

ORIGINAL RESEARCH PAPER

Subsidence Monitoring along Tehran Railway: An Analysis of InSAR and Ground

Observations

J. Piri, E. Javadnia®

Department of Geomatics Engineering, Faculty of Engineering, University of Zanjan, Zanjan, Iran

ABSTRACT

Received: 17 February 2024

Reviewed: 17 April 2024
Revised: 04 May 2024
Accepted: 06 June 2024

KEYWORDS:
Subsidence
Sentinel
Railway
InSAR
Validation

* Corresponding author

& Javadnia@znu.ac.ir
@ (+9824) 33054504

EEL G RET G Nl STl Land subsidence is recognized as one of the most perilous natural

occurrences, often resulting from human negligence in water extraction, underground mining,
and various other factors. This phenomenon poses a significant threat, specifically in sensitive
areas such as railway systems, where irreparable damage can transpire. Notably, subsidence-
induced cracks have emerged along several railway routes, including Tehran-Mashhad, Tehran-
Varamin, and Isfahan to Shiraz, jeopardizing the integrity of these lines. Consequently,
comprehensive monitoring of subsidence and deformation in both temporal and spatial
dimensions becomes imperative for effective event management. To accurately assess the
deformation patterns of such phenomena, a thorough analysis of the instantaneous time series
within the study region is essential. In recent times, Synthetic Aperture Radar Interferometry
(InSAR) has emerged as a widely adopted technique for precisely measuring crustal deformation.
This study focuses on examining the rate of land subsidence along the railway lines in
the Tehran region, utilizing InSAR and Sentinel-1 satellite imagery spanning the period from 2017
to 2020. The analysis involved processing a total of 46 images and generating 158 interferograms
through the application of time series analysis and employing the Small Baseline Subset (SBAS)
technique. GMTSAR software was used to create a time series and a displacement map from the
interferograms. To ensure the credibility and comprehension of the research findings, diverse
datasets were utilized, including the Iranian Permanent GPS Network for Geodynamics (IPGN)
data, the data sourced from the Shamim network of the Land Registry Organization, the
measurements from piezometric wells, and the soil characteristics derived from drilling
boreholes.
m The analysis of the interferometry time series reveals the occurrence of subsidence in
specific areas within the case study. The most significant subsidence was observed along the
Karaj-Kordan and Maleki-Aprin railway lines, with a deformation rate of approximately 139
mm/year along the line of sight (LOS). Notably, the validation process considering the errors
associated with each method yielded relatively satisfactory results. Furthermore, an investigation
was conducted to explore the relationship between subsidence, groundwater withdrawal, and
soil type. This investigation utilized data from 12 piezometric wells located in the Tehran and Karaj
plains, as well as information gathered from drilling boreholes in the study region. The overall
findings indicate that the primary cause of subsidence in the region is attributed to a decline in
groundwater withdrawal.
Upon analyzing the relationship between annual water loss, subsidence, and the soil
characteristics within the region, it was determined that the primary cause of subsidence is the
withdrawal of groundwater in areas characterized by thick deposits of fine-grained sediments.
The proposed approach in this study highlights the effectiveness of utilizing the InSAR technique
for initial evaluations of subsidence along linear infrastructures like railway lines. However, it is
advised to employ more precise methods in subsidence-affected regions. Given the relatively
limited resolution of Sentinel-1 imagery, it is recommended to utilize images with smaller pixel
sizes when assessing linear structures such as roads or railways. Additionally, accurate leveling
techniques can be employed to enhance the precision and identification of subsidence areas.
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Table 1: Specifications of images used

Number o,lo.s Date #& )l Number o,los Date )b path s
1 2017/02/18 24 2018/09/17 35
2 2017/03/14 25 2018/10/11 35
3 2017/04/07 26 2018/11/04 35
4 2017/05/01 27 2018/11/28 35
5 2017/06/06 28 2019/01/15 35
6 2017/07/12 29 2019/02/08 35
7 2017/08/05 30 2019/03/04 35
8 2017/08/29 31 2019/03/28 35
9 2017/09/22 32 2019/04/09 35
10 2017/10/16 33 2019/05/03 35
11 2017/11/09 34 2019/05/27 35
12 2017/12/03 35 2019/06/20 35
13 2017/12/27 36 2019/07/14 35
14 2018/01/20 37 2019/08/07 35
15 2018/02/13 38 2019/08/31 35
16 2018/03/09 39 2019/09/24 35
17 2018/04/02 40 2019/10/18 35
18 2018/04/26 41 2019/11/11 35
19 2018/05/20 42 2019/12/17 35
20 2018/06/13 43 2020/01/10 35
21 2018/07/07 44 2020/02/03 35
22 2018/07/31 45 2020/02/27 35
23 2018/08/24 46 2020/03/22 35
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Fig. 14: Land displacement map with diffrence coherences
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Fig. 15: Map of the amount of subsidence (mm/year) in the study area and the railway tracks involved in the subsidence



J. RS. GEOINF. RES. 2(1): 97-112, Winter & Spring 2024 (1+0)

VEet Jlgg 9 oyl o oylos oF il o ilSo el g 495 1 i slb ity jy (rale 4y pit

Sy sy Sl (sl el ool &3lg (35°41'50" 4 51°20'01" )
Slaise Cuwb oo whi ol 4 by e v J5105 mlo 5l Jol>
b plralr bl g5 » 1) obéleer clae b bl o),
b 0ol SNAP 1381 o 5 yo plrasle aids 5115 (ol gl 0,8
ALE o, p oKl ol bl alai (X= 860 ,Y=628 ) &laise
il glraly

el ol @ bgpe ey plraly Sy e (VW) JS2
oS sl e Bl VYoV VY ladle o |y olad Seelusgss
Gy (VA IS g ol oo &3l)) (928 (g ls pacds ylojle lawes
Aibge 6,0y (i ) Jols plralr Sleg

Obas Sh89)50 abaki slp Jlo po 1) (sl J13, VU jloged g0 0
b glp glralr 5 6l (i JH0 @l Gebo aimo o0
o)lsple o bz 5l al jeo Sz 0 Jehee mhy (Il aw S
sloosls 5l oaal cassay slals #,5aS col Jb> jo ol il o
Sszs Jdoas a8 wil oo Jlo o e oo ¥ B Y Sabiyngs olfe]
adl il oo ilie yia Joe diz om0 OB las Gl ple
sliwl, 40 GPS oK) 5l ool o sl wwwl S5 ey
oylgale o lax sbuly jo bl mls 5l Jols gloal> 5 5B

REIAg

S Sl g ole] o ol s aCLS (glooold b 2o jLie]
O e sloasly 4y bgy e olKiig] 99 05250 oS! 1y 5]
oS il 13 aios ol Slalllae e5gas s (ALKD) 5" o (THTH)
oot Sl oLl 4 bgypo slaosls (o gl (i lisl sl
A 598 Sl g obwl cud lojle swlols” US ojlel 3 )b 5l 2
30 lols S o lol 5l eads 31 sleosls .28 5 1,8 solaiwl 5,90 o
3 dagl 5l Gles 5 olml (glp a5 Wiy ¥ aseas WSl b
oSkl Swp Ailon slp Alise laghy, wanble Ghjley

A oolatuwl (glaslils g, 3l Baiod pl j0 a5 8,00 04>

&by e JBls ol Cawoay =l (L behs con 5l s
TP L Caniigyd atiing a5 v o plid dslllas 5,50 03gd5e 4o
st adhie 4 bgyye (LOS sbiwly j0) Jlo jo e heo VY-
gloolzr laosls 3o,k 5l (s gloo] mhaw gy ailoe
Ol Ol 5z (195 0 ol gy Sl 5l (S s s
olie el 83 4 oY VYT asbie Lt 5 omelyy Jls>
sl s Slados i b pol> Gudos [0 ool Cawddy Sy
)T 0 52 oy bslas 45 (5 8 gtz 5 g dilate 0 00
i e 423 oy o Saias ol b [YVYE] s Slgsean o ls 13
Gl L B wogei ablis Lo T b ail Sty (sla g, 5 lebdl L il
9 09790 Sluwsli plo g (o) bshas slp (sauags Sty b &5

20,55 slaiol> 4 oo g dgud ddlaie

i JFI5 g 5l el Cewoty plaaile a0l g o jslaten;
Ozt g 380 Sbil b Seluogy aSl slaesls I sl
0,5 ool HaiS SOl g sl e ylojles puads a5l gloools
Cannig 8 a9 lan BV b 351, (T Bl | lie 9 0920 b izeen
5 Sregim Sbolr laosls 51 (nl sl o5 cpzmiw adlaie o

20,5 oolatul g la> sbailed S1s Culns 5 £ (pizran

GNSS ils (sloolliuy] (sloosls b Cuigyd JJudo zeiw jlie]

255 Sl el
a5 )5 GPS olil g )5S Solinogss aSes (sloollwl (5 5|
axlllas 550 ddlaie ;o ool &8ly ;5iS (g,l0 pasdi ylojle abgos o
Sloj S 5l e JFIN bl Cono (o) sl &S0l 18
sl o] CaBge (VF) i 0u0 )8 oolannl oyl ¢l (slools
Ol addlae )50 ailain )5 1) ;505 (g5 pasds (lejle Sealinsgss
bl CoxBas 10 (6400 paiss lojl GNNS @3ls oSy .a0s oo

5 51yt lojl abgrme Saoliydghy oodls olSitum] Cantbye V8 S5

Fig. 16: The location of the permanent geodynamics station of the Mapping Organization-Tehran
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Fig. 22: Hydrograph of underground water level of wells in the region
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Using Machine Learning Methods for Classify Landsat 9 Satellite Images in Order to
Evaluate The Area of Urban Land Uses (West of Tehran)
H. Joulaei, A.R. Vafaeinajad”

Department of Surveying Engineering, Faculty of Civil, Water and Environmenal Engineering, Shahid Beheshti University,
Tehran, Iran

ABSTRACT

The issue of urbanization and monitoring of urban expansion
Received: 30 January 2024 and land use changes using satellite images has become a basic focus in the society. Easy and
Reviewed: 05 April 2024 stable access to satellite data has made it possible to monitor and monitor land changes more
Revised: 01 May 2024 accurately; But for optimal use of these images, it is necessary to collect samples of images
Accepted: 11 June 2024 and then classify their pixels based on regional features and characteristics. This process faces

challenges such as data dispersion, which can be solved by using appropriate classification
methods. In this study, in order to evaluate the area of land uses in cities, various methods of

KEYWORDS: machine learning have been used. Instead of using a fixed and absolute method for classifying
Landsat 9 Satellite Image pixels, four different machine learning methods are investigated separately for each image.
Machine Learning These diverse methods of machine learning provide the possibility of choosing the best and
Land Use most efficient method for each image, thus improving the ability to detect and classify pixels
Classification for land use areas in cities and increasing accuracy and efficiency.

In this research, the Landsat 9 satellite image has been used to study and analyze
different areas of Tehran in 2023. First, the desired image was subjected to the necessary

* Corresponding author corrections and then four appropriate machine learning algorithms (which included K-nearest
£ a_vafaei@sbu.ac.ir neighbor, support vector machine, random forest and maximum likelihood) were used to
® (+9821) 73932410 classify Landsat 9 satellite images related to four different areas of Tehran (including 2,5, 21,

22) were used. To evaluate the accuracy of the results, more than 200 check points were
created on the image using the Stratified Random method, and then Google Earth Pro was
used to check the check points. The overall classification accuracy and kappa coefficient were
evaluated as evaluation criteria for the best classification method of image pixels. In the next
step, the studied area was divided into equal blocks in order to better understand the area of
land uses in that area. Then, using Zonal Statistics, the amount of land use area in each block
was investigated.

Based on the methods used, the performance of the SVM method in this study

achieved the highest possible accuracy, which is equal to 95%, and the Kappa coefficient,
which is 89%. These results may be justified due to the non-uniformity of pixel areas in dense
urban environments. In addition, different areas of land, including green areas with an area
of 12 square kilometers, barren lands with an area of 64 square kilometers, and built-up areas
with an area of 137 square kilometers were also examined in this analysis.
Through this approach, we have presented a highly accurate classification
method for the analysis of satellite images related to the Landsat 9 satellite. This method
enables a more accurate assessment of the area of land uses and provides urban decision
makers and policy makers with a direct link with valuable insights for sustainable
development in cities. This can play an effective role in the process of facilitating development
plans to improve cities and citizens' lives, because it provides accurate and reliable
information that helps strategic decisions in the field of urban development and enables more
effective and targeted changes in urban policies and programs.
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ABSTRACT

Every country relies on soil as a vital natural resource that
Received: 01 January 2024 significantly contributes to environmental conservation and food production. Preparation of
Reviewed: 18 March 2024 soil nutrient distribution map serves as a valuable tool for managers to make decisions. Due
Revised: 13 April 2024 to the time-consuming and expensive nature of laboratory analysis for these variables on a
Accepted: 30 April 2024 large scale, efforts have been made to explore soil nitrogen through remote sensing. The

current research deals with the application of remote sensing methods along with regression
and random forest models to predict total soil nitrogen in Gilan province. This study aimed to

KEYWORDS: answer two main questions: (1) Can SAR data be used to quantify total soil nitrogen (TSN) (2)
Boosted Regression Trees How do SVM, BRT and RF algorithms perform in predicting soil nitrogen content?

Landsat-9 M This study focused on evaluating the data capabilities of Landsat-9 and Sentinel-1
Random Forest satellites individually and in combination, using advanced algorithms such as Support Vector
Sentinel-1 Machine (SVM), Boosted Regression Tree (BRT), and Random Forest (RF). The purpose of this
Support Vector Machine evaluation was strategic, aiming to showcase the diverse conditions of the study area based
Total Soil Nitrogen on land cover/land use, climatic, and topographical parameters. Various variables, including

climate parameters, topographic components, and remote sensing subscale indices, were
investigated in conjunction with SAR data and optical images. Nonlinear machine learning

* Corresponding author algorithms, specifically SVM, RF, and BRT, were employed to predict total soil nitrogen status

& kmoravej@znu.ac.ir by modeling complex relationships between soil properties and environmental variables. R

@ (+9824) 33052606 software, utilizing the CARET package for parameter input, was employed to implement the
algorithm.

[N The results indicated the following: RF and BRT algorithms outperformed SVM and
were effective in monitoring total soil nitrogen values. Multi-temporal SAR images showed
higher accuracy in monitoring total soil nitrogen content compared to optical remote sensing
data, facilitating more realistic predictions in paddy soils. The integration of environmental
variables led to an increase in the accuracy of algorithms, where remote sensing variables
played a crucial role, contributing to 61% and 51% effects in RF and BRT algorithms,
respectively. The comparison of SVM and RF algorithms revealed that RF ranked second after
the BRT algorithm, and the accuracy of total soil nitrogen estimation was not achieved with
the SVM algorithm. However, both BRT and RF algorithms were able to monitor changes in
total soil nitrogen. BRT performed better, accurately recording 58% of changes, as evidenced
by a higher R2 value (0.58) and lower RMSE (0.25 mg/kg) and MAE (0.19 mg/kg) values.

In conclusion, the following key points were extracted from this research: 1) RF
and BRT algorithms outperformed SVM in effectively monitoring total soil nitrogen levels; 2)
multi-temporal SAR images demonstrated higher accuracy in tracking total soil nitrogen
compared to optical remote sensing, enabling precise predictions in paddy soils; 3) the
incorporation of environmental variables enhanced algorithmic accuracy; and 4) remote
sensing variables contributed 61% and 51% to RF and BRT algorithms, respectively.
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Fig. 1: Location of the study area and sampling points
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Table 1: information related to Sentinel-1 images
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Table 2: All variables required for mapping of TSN

c)Lo..in J.,\.n Aoy

ID Model Description
(E T el g ol Glo e 5| oS 5

3 &2, glandsat-9 5l esel Cowdds slo s

| Model A Ol i

A combination of climate variables, topography,
variables obtained from Landsat-9 and Land Use
and Land Cover

— w5l ol G
I Model B Aol slloaal cosday it

Variable obtained from Landsat-9

V=it 5l o] Cowday puiite
Variable obtained from Sentinel-1

11} Model C

oo aiile) 93 5l Jrmin 4y bgyye i
(V- Jiiiew § A=Cewadd ol cawoay
The variable related to remote sensing (such as

the variables obtained from Landsat-9 and
Sentinel-1)

DV =i g -Cawadd (590 5l Gromw 5l oS 5

Slgiie s 23] 65 (ST s dsegc]

v Model D

\Y Model E ) Sogs

A combination of remote sensing (Sentinell and
landsat9), climate, topography, land use and land
cover variables

(MAE) 3llas sl o Siles iy o5 sl [V (¥) B (1) &¥slas )
A eolawl (R2) O oy 9 (RMSE) Uas QL:L?)A u,&llm LW
s oolaiwl Wosls Judowgas o0 jo asli lgicas a5

1
MAE=—%,|P; — Oy [y-I ()

RMSE=\/%Z?=1(PL-—01-)2 [v-] (V)

ol olaws calo b as cul (il (6,50l SaSS G Bolas
S in woS P O 3 SRigel dye Jsb 40 preal S50
55509y ol WS s Jee ol gl (255 oy ln g
wad oo IRl unaiils Jue plSouiul 5 285 (o295 S0
oo Jolss pac g YU ol b (609,5 slroslo b olagy )l 15 0594
S (B0l sladisai 3l (slasgams 5l Lo (b0l Al ye Jsbo o
Alide Sl &S ) (e Slocez 5 b Sl
lp Lediges (al 3,5 colaiul wimd oo LS 1) ey By
El5il e ot 5 ety (sl (ol Rz sonaile Jue (ol
s oolil byl ins (slisel Lol s e slo i

Lol s ools oigel Bolai JKx oaisS sondib a5  Ka
Qo o i |y addllas 0,90 ddlaie a5 (slojlsale pglay (s,
3 omes g SloS 51 (o o |y S 2 B oS Jloe!
sba @ anld pl (295 @S oAb oud el iy
bad @i aSinl podle Y cplad Blol (29,5 aid ol
WS oo pgaids dalllae 3 50 dilaie yulpw y0 1) (reej by SliLb
55 Sl (yl50L) @i ctS b (Hly sy 2 of el 35508
Obl (635 o i 5o anlllae 3,50 ddlate aSulay a2 55 b (o3 0
O ey Sl SlapdlS el o @ly ol nl Jlod 5o (LS
(St Bblo VU el)y slagre; dajliile da iz ol
2 el pl slagres 5 (Lazl o 5 laailbsy) wile) ol sladiay
ol 039 2y lage W 2 Lo 35 508 gl (ol Bua bl
2bboe SIS (ol 4 4z IS

e ey sl o5
;9 BRT § RF SVM alax 5l oz 8 pils (6,500 sl 63l
Silodae b S S 03958 Sandy ot ln adlae o)
S8 ool 0550 e glo st g S oles ooy bl
L Lo ol 4y alides (slo i)l (59,5 9 )ly n R I8 p 5 088
o oolitl CARET aiwy b aSid (gominr 9,535, 5 ool
Slr xS dadzpe bl xSk Jl AT SUM Sl
Sente 6l [V ws solizul llas &) oty baosls plos sonails
5 $SpeSm (slalex Wiz (2l Al @l 5l SYM Jue 83
I 5e s sloaids ans ;0 SYM 13,6301 Jow .ol colatul o>
2 a3 S Lo T o Slee aitwd lgicas RBF a5 o oolitu! S
Sl a5 Sl RE sl (il 65250k 2 (e oS (6,500 o 95!
SR iyl g e osliti] sameish 5 ey, Slalllas
sl S e oolainl Bas o yies 4 ol Gl ol Lo
asle bigel laesls Cyiwl g 5l eoliiul b e s ,e 4
Ost Graiged 5 aneS 31 sladiged 05,5 55 4 ladiged 050 o0
FB S g ladiges ;0 S Glime 9 Nadior el dunS
o 51 a5 wols zesgs [YO] o)) Kad 5 S pundd ool Cpaass



J. RS. GEOINF. RES. 2(1): 127-140, Winter & Spring 2024

YY)

VEet Jlgg 9 oyl o oplos oF il o ilSo el g 493 1 i slb ity jy (rale 4y pi

£35 95 5 55k s 55 oo Y (3555 bagie e 5
3l Syl 5 5V bausgto ke b (S5 eds (35550 Slyime
Joe g b cud Y Moz cuyo b (Soz mpes ol plas
Galises ase slo aiie oS 5 L (E 9D € B A by Jus) calises
Sl pled ¥ Jgaz o ol S S 459 50 (5,10 paiids gl
oaiS St slapite 9 SIS (e e 4 bgpe
Slpoads b gla Jow carogs ;o 000 oo lii ]y S sladiges
lrools 5 Sledlol W8l A Juw a5 0,5 o,Lal Hlg5 s imgh o)
1) 5,85 sWeols 9 SAR &l 31 C g B sl Jos a5 Jl> ;0 g (5,6
9 Sentinel-1 ).;5La.s Lglmoolo 9 Sl )l D JJA .JJJ; ™ r
slrools 4y by o slo o ples B Jow g 9,5 oolatul Landsat-9
Ll ow cpl o, Sles 8,8 Hlas o Coogasme e |, 590 5l i
¥ Jgdz 30 900 ob,l (BRT 9 SVM RF) oy ,631 a5l ool

sl 00 1)

i, (Pi—0))
RZ — i=1 =
L.(Pi—0y)

[v-1 (V)

ol S e G5 |, R2 g RMSE (MAE (5 5 ¥ b ) &¥oles
ol ‘SAAJJ.MJ 9 0oy oddlive S Jf Q)j):"’" 6‘9_».2‘@ Pi 9 0Oi a5
a5 Cl S8 4 p3Y el dged bla slawi n g e e LS |
03595 Oy 0 W caalllan ool 50 .5l cllas ey o 5o
Brbate 090 g pSejlail 0,56l 5 05 e ey S S
56 MSE  RMSE (5,lel 2l 90 aly S S (550 9>ly 5

DBl s (GogT () 50) S skS 2 p,5 oo

PSS 2 05 hee VF B2 ITY sl ladiges SIS S 539,55 polie
VR Sl e oo /FF 5 il Gl ool lae pired g i

S S G590 polae 5 Jaowe sl 2l il G)LA-‘ slosls ¥ Jsax
Table 3: Statistical data of Environmental parameters and TSN values.

Minimum Maximum Mean Median Standard Deviation Skewness
T T T T T T 1
(l")f?l':sﬂ mf) Sk JS RSTR .21 1.40 .79 .92 44 -.40
TSN (g/Kg)
(%) &L&J)\ 500 1700 1050 987 231.36 .68
Elevation (m)
(42 ,0) Cg> 0.0 345 210 134 101 41
Aspect (Deg)
(42 )3) s .28 15.32 12.01 4.65 4.68 .94
Slope (Deg)
TWI 6.21 16.35 9.24 9.45 3.74 .81
BC-1 (db) -24.13 1.37 -14.26 -14.56 3.79 1.27
BC-2 (db) -'16.45 -4.21 -10.31 -9.41 2.37 -.23
BC-3 (db) -16.87 -2.31 -10.23 -9.4 1.84 -.28
BC-4 (db) -25.14 -6.94 -17.36 -17.54 2.64 .21
(‘;L,.;ua sase) f il 324.13 3145.36 1084.51 927.45 841.36 .70
Band-4 (digital number)
(‘;L,.;ua sas) & Wb 2047.31 4861.58 3316.74 3612.34 641.52 -.23
Band-5 (digital number)
(QJL..\;ua sas) & ail 1362.47 4123.54 2145.78 3478.31 674.42 .80
Band-6 (digital number)
oLl JLA)J quj us-“l'f ua>l.~ .04 .76 .50 .63 .37 -31
NDVI
().;_c‘}_:_ﬂ) alJls ‘;AJ)L JSJL.;: 92 149 124 91.5 19.6 .48
MAP (mm)
(al)ft_,’_‘;_;l.w 4> ,9) s Q)‘)—" FEER u'“i‘L"" 4.97 7.32 6.54 7.0 60 70
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Table 4: The efficiency of the used models in relation to the RF, SVM, and BRT algorithms

Model MAE (mg/kg) RMSE (mg/kg) R2
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SVM Model C 023 0.29 0.41
Model D 0.22 0.28 045

Model £ 021 0.26 051
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Fig. 3: Distribution of STN values in paddy soils of northern Iran using E model with RF (left), BRT (right) and SVM (down). In model E, all climate parameters, topography
and remote sensing were covered



K. Moravej et al. OlylKas 5 z500 ool
49°32° 49°33' 49°34° 49732 49°33" 49°34°

37*21° 37°21°
37°19" @ 37719

s High: 1.40 mm Higle 1.67

03 4 P 0 2 4 —
) A — h
Low: 0.32 Low: 0.04

40 ools idigy 590 3l Liomiw e el )b D Jawe ;o (Swwly)) BRT () RF LD Jaw 5l eolanl b ol ) Jlais g )50l sS1> ;0 STN ol jiaST ), acds of s

Al (5,095 Joe cpl 4y bogype 4l e 5 5ISVM g8 LB 8o pae L)
Fig. 4: Distribution map of STN values in paddy soils of northern Iran using model D with RF (left), BRT (right). In model D, remote sensing parameters were covered. Due
to the lack of acceptable accuracy of SVM, drawing the map related to this model was avoided

SYMsle gy LE Jow jo oad (5 )18 S S 59,00 polie 0 Jeax

RFg BRT
Table 5: Total soil nitrogen values reported in model E with SVM, BRT and
RF methods
T 1
Algorithm ~ Minimum  Maximum  Mean Standard Deviation (SD)
T T T T T 1
SVM 0.22 1.41 0.85 0.21
BRT 0.11 1.68 0.84 0.32
RF 0.28 1.35 0.82 0.25
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EEMECRER TNl JESETER Unauthorized construction activities in forest lands have raised
significant concerns. Environmental cadastre is regarded as a fundamental tool for providing
precise spatial, legal, and environmental information, enabling close monitoring, land
management, and sustainable development.

In this study, a combination of qualitative and quantitative research methods has
been employed. The qualitative approach included the analysis of the legal and supervisory
framework of the cadastre and the examination of institutional arrangements and
stakeholder participation. On the other hand, the quantitative approach involved spatial data
analysis and cadastre implementation to assess changes in land use and villa construction in
forest lands. To identify villa constructions in the forest regions of Laloon village, data
collection tools such as Google Earth images were utilized. Subsequently, using supervised
maximum likelihood algorithms, classified images were generated and a land use map was
prepared. Finally, a 1:5000 cadastral map of Laloon village was created and the
implementation idea of an environmental cadastre in this area was examined.

Significant changes were observed in land use patterns in the village of Laloon

between the years 2011 and 2024. The increase in residential areas on forest lands indicates
undesirable environmental impacts. These changes have endangered the ecosystem and
biodiversity of the region and led to population growth. In this study, the Kappa coefficient
for the years 2011 at 0.902 and for 2024 at 0.945, has been evaluated as an indicator of land
use differences in Laloon village. Furthermore, the overall accuracy of the research was
calculated to be 92.703% for 2011 and 96.405% for 2024. The results indicate the high
importance and accuracy in detecting land use changes in Laloon village. The assessment of
the implementation of environmental cadaster for villa construction in forest areas of Laloon
village shows the need for effective land management strategies, and the performance of the
environmental cadaster system is capable of detecting land changes and conservation
planning. This research emphasizes the importance of incorporating environmental
considerations into cadastral mapping processes.
Based on the findings of this study, optimal use of environmental cadastre in Iran
for the protection of natural resources and preservation of habitat sustainability is considered
as a very vital action. Adhering to environmental laws and regulations during the execution of
development processes and construction of structures is universal and undeniable for
everyone. Implementing environmental cadastre requires collaboration among governmental
organizations, technical expertise, utilization of advanced technologies, and community
participation. This research indicates that implementing environmental cadastre plays a
significant role in maintaining a balance between development and environmental
protection. To enhance the efficiency of the environmental cadastre system in Iran, it is
suggested that actions such as strengthening the legal framework, improving data
management, upgrading technology, increasing stakeholder participation, and ensuring
sustainable financial support be taken. These actions include drafting specific laws and
regulations, establishing a centralized and powerful database, forming a multi-stakeholder
advisory committee with the participation of various entities, and allocating sustainable
financial resources for the advancement and development of the environmental cadastre.
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Texture quantization is a useful method for extracting spatial
relevance between pixels, which is used in the human brain for image interpretation. Aside
from spectral bands, textural features of high spatial resolution image can be used to improve
classification accuracy. Finding proper textural features among available features is important
for special case studies.

M In this paper, two methods based on genetic algorithm (GA) are introduced to
choose efficient features. The first is binary GA, which improves classification accuracies
through selecting the best textural features. The second one is GA with a variable number of
selected features in a refined and full feature space. Results show that the best combination
does not necessarily consist of features with improved individual accuracy.

M The proposed methods have better accuracy, less number of features, and less
computational time when comparing with the simple GA. They could be used based on the
number of spectral bands, number of generated features, and train and check pixel number.
Second method needs more prerequisite time and could be used for images with fewer bands,
train and check pixels, and generated features, because increasing these items increase
computational time very much. Second method could be used in large images with more train
and check pixels but led to more selected features.

Results obtained on three datasets indicate 7.7 to 50.48 percent improvement in
mean accuracy.
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Fig. 3: Feature generation process (thick border box done only for second proposed method)
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Table 3: Classification accuracies obtained using spectral bands and best and worst mean accuracy obtained using textural features

Dataset 1 Dataset 2 Dataset 3
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Table 4: Mean results (mean classification accuracy, mean computational time, and mean number of selected features) obtained from 10 runs of each method
(F: features, BF: best features)
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Table 5: Ranking criteria and overall ranking score of proposed methods

Dataset 1 Dataset 2 Dataset 3
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Table 6: Accuracy improvement compared with using spectral bands (Sp: spectral bands; 1st refined: first proposed method with refined feature space; 2nd : second
proposed method)
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ABSTRACT

Drought is a persistent and critical challenge that affects many
Received: 14 February 2024 countries around the world, including Iran. This natural phenomenon can have severe
Reviewed: 2 April 2024 economic, social, and environmental consequences, making the study and prediction of
Revised: 15 May 2024 drought an important focus for researchers and experts. The primary objective of this paper
Accepted: 08 June 2024 is to predict drought using an expert system and to find an appropriate behavioral model for

this phenomenon across all provinces of Iran. Drought is a complex and multifaceted issue
that can have far-reaching impacts. In Iran, where water scarcity is a longstanding concern,

KEYWORDS: drought can exacerbate existing challenges and lead to significant disruptions in various
Drought Prediction sectors, such as agriculture, water supply, and energy production. Accurate and timely
Expert System prediction of drought can help policymakers and stakeholders implement effective mitigation
Web-Based Platform and adaptation strategies, thereby minimizing the adverse effects of this natural disaster.

Behavioral Patterns MThis study utilized data related to drought in all provinces of Iran from 2009 to 2021.

These data include various drought indices, such as precipitation, temperature, humidity, and
climate change indicators. Using these data, the researchers developed monthly behavioral

* Corresponding author models of drought for each province, employing an expert system and artificial intelligence

= behzadi@sru.ac.ir techniques. The researchers first examined the drought patterns and trends in each province

O (+9821) 22970021 to identify suitable behavioral models. This process involved analyzing the historical data and
identifying the key factors that influence drought patterns in the different regions of Iran. By
leveraging the expertise of domain experts and the capabilities of advanced analytical tools,
the researchers were able to construct comprehensive behavioral models that capture the
complexity of drought dynamics. The development of these monthly behavioral models for
each province was a critical step in the research process. By modeling the drought patterns at
a granular, provincial level, the researchers were able to account for the unique geographic,
climatic, and socioeconomic characteristics of each region. This approach enabled the
creation of tailored predictions that can be more effectively utilized by decision-makers at the
local and provincial levels.

The results of this study demonstrated that the use of drought data from all
provinces of Iran and the development of monthly behavioral models can indeed facilitate
the prediction of drought in each province on a monthly basis. The researchers were able to
produce twelve behavioral models for each province, representing the probability of drought
occurrence in different months. These models can serve as powerful tools in managing and
planning to combat drought at both the provincial and national levels. By providing accurate
and timely predictions of drought, policymakers and stakeholders can make more informed
decisions regarding water resource management, agricultural planning, and disaster response
strategies. The findings also highlighted the importance of an integrated, expert-driven
approach to drought prediction. By leveraging the expertise of domain experts and the
capabilities of advanced analytical tools, the researchers were able to develop comprehensive
and reliable behavioral models that capture the nuances of drought dynamics in
Iran. The findings of this study have significant implications for drought
management and decision-making in Iran. By using an expert system and behavioral modeling
of drought across all provinces, the researchers were able to achieve more accurate and
timely predictions of this phenomenon. The linear model was selected as the best model, and
an online web-based map was created to display the probability of drought for each province
on a monthly basis. This web-based tool can serve as a valuable resource for policymakers,
stakeholders, and the general public, facilitating informed decision-making and drought
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management at various levels. The availability of this information can lead to the reduction
of the impacts and consequences of drought, enabling more effective planning and mitigation
strategies to be implemented. The comprehensive and systematic approach used in this study
can be replicated in other regions or countries facing similar drought-related challenges. By
leveraging the power of expert systems, artificial intelligence, and behavioral modeling,
researchers and policymakers can work together to develop robust drought prediction and
management frameworks that enhance resilience and sustainability in the face of this critical

natural phenomenon.
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Fig. 1: Study Area, Provinces of Iran
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Table 3 - Mean Squared Correlation Coefficients of Five Stations for ANFIS Model

Index Mean square correlation coefficient
Standardized Precipitation Index (SPI) 0.48
Normalized Precipitation Index (PN) 0.55
Effective Drought Index (EDI) 0.92
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