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Abstract

Urban Traffic Accidents (UTAs) may be seen as discrete events, localized in
space and time. UTAs rates all over the world show great disparity, especially
between developed and developing countries. Today, the most negative re-
sults of urban transportation are UTAs with many side effects such as injuries
and loss of lives. UTAs lead to injury, death, disability and pain, loss of prod-
uctivity, grief, social and mental problems. Proper and deep study and plan-
ning can enhance transport and driving safety and reduce number and sever-
ity of accidents. Traffic safety crises, death, damage and costs resulting from
road UTAs are some of the most important public health and police organi-
zation challenges. In particular, UTA’s victims are often people who are aged
15 - 44 years old in Iran, and UTAs are the second cause of death after heart
disease in Tehran. UTASs’ statistics in Tehran reveal a serious problem with
significant fatality and injury rate. This study aims to identify the spatial pat-
tern of UTAs in the city of Tehran in order to find the causes and conse-
quences as well as the temporal and spatial or spatio-temporal variation of
accidents. The relationship between the space and time of daily activities that
generate urban daily trips and UTA, is examined in Tehran city for 2010 to
2011. The analysis is based on different primary and secondary data sources,
which include locations of accidents and different attributes such as date,
reason, kind, etc. Based on the data analysis, the study also attempted to show
some light on the major causes, factors and types of accidents in order to
identify the problem and suggest appropriate suggestions which reduce
UTAs. As this study considered different factors of UTA, urban environment,
land use, population, human activities and culture point considered as the
most important pillars of this study. In order to understand knowledge, cul-
ture and attitudes of drivers towards traffic regulations, questionnaires were
distributed to 1500 drivers in the study area to gather data about the drivers’
knowledge, beliefs, attitudes, and behaviors and 1177 of them returned. The
results express that culture and knowledge of drivers have direct effects on
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localizing accidents. Furthermore, the concentration of educational, com-
mercial and cultural activities that make up a large number of urban trips and
urban dynamics, road usage, and time are among the main considerations of
this study. The relationships between population, land use and dynamic pat-
terns of city which constitute the urban structure, are used to establish a link
between UTA and the urban structure of Tehran city. Time is considered as a
crucial variable in this study that leads people to different kinds of locations
and risk. Land use data and population data are combined with the accidents
data using GIS techniques to generate relevant inputs for analysis. Concern-
ing the methodology, cluster analysis techniques are developed to analyze the
association between UTA numbers and land use categories and per 1000 res-
idents of Tehran city. The techniques are developed to investigate the tem-
poral variation of UTA over the time periods segmented into different zones.
The results show that the suburban zone with industrial land use types and
more highways are associated with more fatal and injured accidents. In com-
parison, the CBD zone is the safest not only in regarding the number of acci-
dents but also in severity of accidents. Traffic limitation boundaries, wide
pedestrians walking area and increased police checks, make this area safer
despite the higher population density and daily activities. It was observed that
the UTA spatial pattern changes dramatically in different zones and hours,
especially during RH. Increased accidents but of lower severity happen in
Tehran during the RH day when there is traffic congestion on transportation
networks or roads and crowding on public transport is at its highest. Nor-
mally, this happens twice in a day, first in the morning and second in the af-
ternoon-evening, the times during which the most people commute. It was
observed that land use category, urban structure and population density make
different rush hours in the city, therefore, different zones have different RHs.
Referring to population movement or urban dynamic and urban structure,
main roads types in urban and suburban zones become congested in different
hours due to a large number of people activities. Thus, these different RHs in
different zones result in different spatial patterns of accidents within the city.
During Thursdays, the schools and administrative offices follow a half-day
schedule and many people engage in recreation such as shopping and other
extra activities. This causes a different type’s RHs in Thursdays as it takes
some load from the evening RH, and thus makes the morning RH the most
intense time of the day. In addition, this study provided an explanation on
the relationship between urban structures, creating UTA in Tehran. It was
discovered that the locational pattern of the various land uses in the urban
area is a reflection of socio-economic and ecological factors. Furthermore, the
spatial analysis and temporal analysis of relative accidents risks point out the
risky segments for different zones of the city and different land uses depend-
ing on the season, month, day and time.
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1. Introduction

1.1. Background and Problem Statement

Fatalities and injuries resulting from UTAs are recognized as a major problem in
societies across the world as urban dynamics increase the development of trans-
portation networks and demand for motor vehicles. Over 16,000 Iranians lost
their lives in UTAs in 2014. According to the recent reports of the World Health
Organization [1], one of the major problems in the world has been UTAs which
result in approximately 1.24 million deaths and tens of millions of injuries and
disabilities every year. As a developing country, associated with growing tech-
nology and an increasing population in Tehran, the number of vehicles in traffic
is increasing day by day. The growth of Tehran City and high rate of migration
have led to an increase in the need for mobility and a consequent increase in the
usage of any type of vehicles occupying the urban transportation infrastructure.
As a result, traffic exposure and thus, the number of UTAs, are growing. How-
ever, the normalized rates of UTAs per 1000 population or the total number of
vehicles still show very high fatality and injury rates in Tehran, which signal a
significant traffic safety problem that should be addressed and analyzed to find
contributing factors. According to the statistics, UTAs are the second reason for
death in Tehran City [2]. The severe situation of UTAs and the rate of fatalities
and injuries caused by UTAs in Tehran and other cities are a critical problem
that needs to be dealt with urgently. It is necessary to examine the main causes of
UTAs to find a solution. Some studies have been conducted for analyzing UTAs
around the world. However, to develop effective countermeasures, especially in
the case of Tehran, UTAs should be analyzed spatially in a Geographic Informa-
tion Systems (GIS) environment that identifies their occurrence time, type, re-
sults, and coordinates. Ultimately, identifying high probability UTA areas is an
important issue of traffic safety programs, because precautions and infrastruc-
ture assessments can be prioritized at these locations to create more efficient re-
source allocations. Such areas are called “black spots” or “hotspots” in the UTA
literature [3] and generally they are detected by clearly defined methods. On the
other hand, identification of such problematic areas in the urban structure and
the accident’s location is more complicated; this is loosely defined as a “hotspot”
in the urban traffic safety literature, mainly because the traffic conditions, UTA
mechanisms, and preventive measures differ greatly in urban traffic networks.
Moreover, the “hotspot” definition can vary according to the focus of the analy-
sis.

Secondly, any solution or improvement option may require designs and pre-
cautions beyond the changes made to the transportation network’s qualities,
knowledge of drivers, driving rules, and optimization of culture. Based on the
scope of a hotspot detection analysis, the criteria for detecting a minimum
number of UTAs, UTA type, occurrence time, occurrence area, etc. can be

changed over time. UTAs occurring in proximity spatially may be due to higher
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levels of daily urban trips and urban dynamics, conflicting movements after de-
tection, rule breaking, etc. It is also important to analyze the distribution of
hotspots in cities, which are not always distributed uniformly over space or time.
Urban built environments and transportation networks have always had an ac-
tive interaction that has both direct spatial and temporal dimensions. Land use
patterns affect the travel behavior in both trip generation and trip distribution,
so that more trips are generated and distributed in some regions, such as the
central business district (CBD), than others. Time is one of the critical parame-
ters in UTA analysis, as there is a strong relationship between the urban struc-
ture (US) and number of UTAs.

Higher numbers of pedestrians are expected in some areas, such as the CBD,
or near shopping centers, schools and universities, administration offices, and
health facilities in urban zones. For this reason, hotspots should be evaluated to-
gether with urban structures or urban built environment characteristics, and
temporality. In the absence of traffic volume data for Tehran City, other expo-
sure measures, such as geographical area and transportation network characte-
ristics, including road types, were used in this study. Analyzing UTA hotspots
together with time and US or urban zones is important to drawing conclusions
about which areas have priority in terms of infrastructural regulations and the
application of new traffic limitations and restrictions. As the pattern of UTAs
differs temporally and by zones, the relationship between them should be ana-

lyzed and evaluated.

1.2. Research Objectives

The main objective of this study is doing empirical study that would lead to the
detection and understanding of the distribution of UTAs and identifying UTA
hotspots in the US using GIS coupled with spatial analysis methods. The scheme
includes the following: identifying the pattern of UTAs through the spatial
structure of the city, which is three zones based on my methodology; identifying
accident hotspots based on land use and population using clustering methods;
and identifying the distribution and pattern of hotspots over different city zones
of Tehran by time (which is a crucial factor), and the distribution of hotspots
over different time periods (rush hours and regular hours).

The first step for identifying the hotspots is through the use of the clustering
method. When finding hotspots, UTAs can be used with or without groupings
by type and time. To detect hotspots, a clustering method is used with the ratio
and rate of UTAs determined according to the great differences between them in
terms of number of UTAs. Hotspot severity is defined as the number of UTAs
found within each cluster, which also takes into consideration the analysis of
hotspot distances to the nearest land use, and the population polygon. This study
also uses visualization techniques to show hotspots and their severity values. Fi-
nally, the relation between hotspots, the built environment and land use category

are checked to determine the high-risky land use.
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1.3. Geographical Setting of the Study Area

The study area of this research is Tehran City (Figure 1), which is located in the
Tehran Metropolitan Area and has a daytime population of approximately
12,000,000 according to the Presidency of the IRI Plan and Budget Organization,
Statistical Center of Tehran report [4]. Tehran City is the most important and
most dynamic city in Iran as it is the main center of all governmental and public
offices, major universities, the main medical port of Iran, the main center of ad-
ministration offices, and so on. As the capital of Iran, Tehran is one of the most
important cities not only in Iran, but also in the Middle East and is the center of
many national and international organizations; it has experienced a rapid
growth in population and is surrounded by different suburban cities, such as
Karaj. Karaj is the most important countryside city of Tehran with a population
1,614,624 [5] and is within an hour’s distance from Tehran by road, the metro,
and other public transportation as well. Karaj is one of the Iran’s metropolises
and the short distance between this metropolis and Tehran via various transpor-
tation modes, causes 14,240 daily trips [6] for different purposes, such as health,
education, work, and other activities. There are many residents of Karaj who
work or study in Tehran because of cheaper land prices in Karaj. They are in-
volved in round trips from Karaj to Tehran every day but especially on week-
days. In addition, the most important and biggest stadium of Iran, the Azadi
Stadium, is located on the Tehran-Karaj connecting highway. Sporting events at
the Azadi Stadium, weekends and holidays, and some cultural and religious ac-
tivities create different patterns of traffic and UTAs within Tehran City and the
commuting roads between Tehran and Karaj City.

As the capital and most important city of Iran with respect to politics, science,
health, education, etc., Tehran is also the most populous city even if it is not the
largest. Its population varies greatly between night and day; the daytime popula-
tion is close to 12 million while the night-time population is over 8.5 million [5].
The span of Tehran City is 730 square kilometers, and the important role of the
city gives it an international sister city relationship to some other great cities and
metropolises, such as Seoul, Moscow, Peking, Istanbul, etc. Before the Islamic
revolution these sister cities included Los Angeles and Seoul. The altitude of Te-
hran City is 2000 meters at the highest northern parts, and 1050 meters above
sea level to the south (the municipality of Tehran). Tehran is surrounded by the
Alborz Mountains and comprises 22 districts with their own administrative cen-
ters, 123 areas, and 374 regions. Tehran borders the Shemiranatin the north, the
Damavand in the east, the Eslamshahr, Pakdasht, and Rey counties to the south,
and finally, the Karaj and Shahriar country sides to the west.

2. Materials and Methods
2.1. Data Collection

This study, like others, uses various databases to examine UTAs. In this study, I
used four datasets to develop a GIS of UTAs in Tehran. The methods, design,
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Figure 1. Study area.

and visual representations of the UTAs are widely accepted within the literature
on the topic, and are useful and relevant. ArcGIS is used to create the GIS and
contains the datasets of the UTAs in Tehran. The first important main dataset
(the Tehran UTA database) was received in January 2013. The data was obtained
through the Tehran Police Department. Its format is Microsoft Excel (2007) and
it contains over 64,000 cases of UTAs within a year (2011). The attributes of
each UTA in the data include location, weather conditions, brightness, severity
of UTA (damage, injury, fatal), exact date, day of the week, and time of day. The
location is defined by address and name. Each UTA is unique in containing the
attributes listed. The UTA will be placed where it occurred in time and space on
the transportation network of Tehran.

The second data base is the Tehran Transportation Network (TTN) data base
that was received in October 2012; the data was obtained through the Tehran
Transportation Organization. The format was not usable in GIS format because
of some language issues and some missing information. However, the database
was developed and made ready by the author.

The third database concerns land use. Until very recently, serious and efficient
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attempts in national land use planning in Tehran had never been undertaken.
Thus, the author created a land use database shape file using a geo-digitizing
technique. The main database is a by-product of a 2011 Google map and a map
of Tehran. The experimental study uses highly detailed Google satellite images
and Google Earth, which allow the identifications of dominant land use category
and urban facilities in the land use database.

The forth database, (population), was obtained from the PIRIMPO and Budg-
et Organization, Statistical Center of Iran and Landsat data for 2011.

In addition, in order to gather data about the drivers’ knowledge, beliefs, atti-
tude, and behavior, 1500 questionnaires were handed out in the study area and
1135 were returned. Questionnaire forms were prepared to obtain original new
data and a better understanding of drivers’ self-reporting. The questionnaire was
distributed in Tehran zones among random Tehran drivers between June 15,
2015 and July 02, 2015. Furthermore, to enhance originality and obtain addi-
tional and unique new data, fieldwork was undertaken in the study area in June,
2015. The methodology of this field work involved use of a traffic conflict tech-

nique.

2.2. Methodology

To understand the hotspots or black spots of the UTAs in Tehran City, the ker-
nel density method was used as an appropriate hotspot analytic tool to provide
the best black location of UTAs in the city. Furthermore, in I used cluster analy-
sis and the risky area divided into four categories based on the number of acci-
dents in land use analysis, and three categories for population analysis [7]. The
method has been used because the interpretation of land use, population density,
and UTAs are required given the research scope; using this method it was possi-
ble to classify UTAs by land use and population into the same groups. Different
databases and shapefile were also used in this study but the central and most
important data, which are the point data and different attributes such as date,
time, reason, and kind of UTAs, are from the UTA database. The attributes are
varied and include the real time of the UTAs, date of UTAs, kind of UTAs (dead,
injured, or losses experienced), type of UTA (car by car, car by motorcycle, car
by pedestrian), and the reason for the UTA (lack of attention, lack of priority,
high speed, etc.).

For better understanding of the relationship between UTAs and urban struc-
ture, Tehran City is divided into three different zones in this study, and these
three different zones are analyzed separately (Figure 2). These three zones were
the CBD, the urban zone, and the suburban areas of Tehran. This selection was
made by the author and by considering Tehran’s master plan, dominant land use
category, historical geography of the city, and personal knowledge and expe-
rience. Although the CBD zone, urban, and suburban zones are adjacent parts of
the network, it is important to consider these separately as the three zones have

different environment characteristics owing to their different structure. Tehran’s
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Figure 2. Tehran’s zone classification.

CBD is located in east center of the city and include main streets of the Grand
Bazaar and consists of commercial and administrative land use categories and a
few residential areas. Tehran’s urban zone was decided upon as it has higher
population density, a high rate of road networks, and greater facilities and
buildings density. Tehran’s urban zone is in a different land use category and is
the main zone of Tehran’s residential areas. The suburban zone is characterized
by less population density, and consists of an industrial and transportation land

use category with more highways and fewer residential roads.

3. Spatial Distribution of Accidents in Tehran

The pattern and location of where the UTAs are located in the transportation
network within Tehran City can provide a detailed and meaningful understand-
ing of tendencies. To gain such information and analytic results from the UTAs
in space and time, the cluster analysis in the ArcGIS software has been used. The
spatial arrangement of the points’ features is an important characteristic of a
spatial pattern because the location of point features and the relationships
among them have a significant effect on the underlying process that generates a
distribution. The databases of understanding the spatial arrangement of the
UTAs are substantial not only in Tehran, but also in all other big cities like Te-
hran, which trace the pattern of occurrences of the UTAs. The spatial distribu-
tion of UTAs in Tehran City clearly shows that there were some locations with
multiple occurrences of UTAs and that most of these points are located in high-
ways and freeways first, and then in residential roads. Moreover, spatial associa-
tion in point pattern analysis evaluates relationships between points and features
and other sets of variables, so it can be useful to relate the location of Tehran
UTAs to the other features to examine the dispersion of point patterns against

other factors. Spatial associations can be explored by overlaying a combination
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of points, lines, and polygon features. Identification of the spatial and temporal
distribution patterns of UTAs, and identification of the associated risk factors
thorough the US and socio-economic factors is the key to the best deci-
sion-making; identifying these patterns can increase the quality of human safety,
future planning and understanding which areas are priorities for implementing
safety programs. After obtaining the UTA data from the Tehran Police, the first
step was to preprocess the database by refine it for incorrect entries or those
lacking latitude or longitude attributes. The data were then arranged based on
temporal characteristics. UTAs generally occurred during the summer months
in all three zones. One of the most differences between seasons is weather cha-
racteristics. While it is cold and snowy in the winter, the heat from the sun in the
summer causes high temperatures. These differences affect drivers’ behaviors
and safety. As UTA numbers increase in hot weather, the majority of all acci-
dents occurred in summer partly as a result of personal exposure and use of pri-
vate cars instead of public transportation or walking even a short distance;
people going on vacation as schools are closed down also contributes to an in-
crease in car accidents but this decreases in spring and winter. In spring, the
number of UTAs decreases in urban areas, but increases on suburban roads.
This is because of the New Year’s holiday (Norooz) and the increase of trips
from inside the city to outside; in the winter season it is because road users drive
more carefully. The finding might be attributed to culture.

Also, the UTA rate is low in the winter, which suggests that seasonal weather
conditions have less effect on the quantity and quality of accidents. From the
results of this study, it is very clear that seasons have less effect on UTAs but
some months affect accident rates because of the organization of events that oc-
cur during them. As with Mehr, which is the first month of the academic calen-
dar, or Farvardin and Esfand, which are first and the last month of the year, re-
spectively. In all of these months, culture and costumes are important. For ex-
ample, in September (Mehr), on the first day of the academic year, most students
go to school with their parents in private cars rather than using school or public
transportation services. Many of these students have school transportation ser-
vices or are old enough to use public transportation, but they go to school with
their parents on the first day and in many cases throughout the first week. Like-
wise, in the second half of Esfand, which begins March 7, people prepare many
things for the New Year, which begins on March 21"; by custom, they have to
buy new clothes, special foods and, in some cases, new things for the home. This
shopping culture makes the city more dynamic and increases mobility at several
times. The CBD and the urban zone are at the center of these activities. At the
New Year holidays, which continue through April 6®-7®, the CBD and urban
zone have the lowest mobility rate and there is little congestion on the transpor-
tation network. However, UTAs are relatively low in winter for the CBD and
urban zone, and in the spring for the suburban zone, as spring is Iran’s New

Year (Norooz, Farvardin 17-13™) and all schools, universities, administration of-
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fices, and the business district are almost closed for more than two weeks. This
means less urban mobility and less daytime population are caused by the season,
and this equals fewer UTAs in Tehran. In addition, many Tehran residents travel
out of the city during this month. Furthermore, there are more UTAs on week-
days in the summer months than in other months as schools and universities are
closed in summer and students and their families have more time for leisure and
entertainment. In addition, because of hot weather most prefer to use their own
cars instead of public transportation or walking and these behaviors make city
more dynamic and cause more accidents. The zones’ UTAs also reveal the pat-
tern of operating hours, activities, and dynamic hours showing higher UTA rate
than in the morning, evening, or night.

UTA patterns vary by month and day as well. For all UTAs, September and
July, Tuesdays and Wednesdays, are the black months and days. Comparatively,
September, July, and October are the months with the highest number of UTAs
in the city where they contribute 11.3%, 10.3%, and 10.1%, respectively, to the
total UTAs. This could mainly be due to the effects of time in schools and uni-
versities. The occurrence of UTAs can vary within the 24 hours of a day across
zones. Environmental factors like the availability of light, dominant land use
category, the number of pedestrians, and closest facility type have a significant
impact on the kind and type of UTA distribution within a day. From a spatial
perspective, there are noticeable geographic variations in Tehran’s UTAs by
zone (Figure 3). The variation in the hours of a day exhibits a difference in UTA
occurrences. In the records, 39.5% of UTAs were observed during rush hour.
Ironically, the time between midnight and 06:00 contributes only 7.8% of UTA
records in the city during the study period. UTAs in Tehran City are frequently
observed in the daytime rather than at night-time between 18:00 and 22:00.
About 71.21% of all the UTAs recorded during the study period have been ob-
served at the time mentioned. The other 28.79% of UTAs have been recorded at
night between 22:00 pm and 06:00 am. This means, driving or traveling on the
TTN between 12:00 and 18:00 is five times more dangerous than driving or trav-
eling between 22:00 pm and 06:00 am. This phenomenon is evident mainly be-
cause of the urban dynamic as the movement, number of cars, and volume of
pedestrians increases during the day and makes a big difference compared to the
dynamic at night. Comparing the UTAs within zones shows that the intensity
and incidence of UTAs are positively correlated with time and space. Some-
thing which accounts for these differences is the type of transportation net-
work and land use category, in short—urban structure. Based on the results of
hotspot analysis after residential land use, the three most risky areas are in-
dustrial land use with 5054 accidents and 147 hot clusters; commercial land use
with 4069 accidents and 121 hot clusters; and administration land use with 2639
accidents and 120 hot clusters. In addition, the results revealed that different
land use categories create different black hours and different reasons for acci-

dents. The main reasons for accidents in the industry land use category are high
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Figure 3. Spatial distribution of UTAs.
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speed, lack of attention, and sleepiness while in commercial and administration
land use the reasons are lack of attention and pedestrian mistakes. The black
time in the industrial area is 5:00-7:00 while it is 16:00-20:00 in the commercial
area and 14:00-16:00 for the administration land use category.

My findings from this study revealed that land use category has an effect on
the number and severity of accidents but has no impact on transportation mode,

traffic volume, and urban daily trip rate.

3.1. Temporal Distribution of UTAs

The relationship between weather and UTA is not simple, but evident nonethe-
less. Seasons have less effect on accidents than other factors within cities. A
study has been done based on temporal factors and outcomes showed that in-
crease in UTA and accidents starts from June and include autumn months. It is
concluded that this increasing caused by the fact that most residents travel from
their locations to do entertainment in holiday area and that unfavorable weather
conditions exist in autumn months [8]. The largest differences between seasons
are weather characteristics and brightness (Table 1). While in winter it is cold
and snowy, high temperature in dry Tehran in summer. These differences affect
drivers’ behavior and traffic safety. In Tehran city, UTA numbers increase in hot
weather, partly as a result of road users deciding to take their own cars instead of
walking or using public transportation, and decrease in winter, because road us-
ers drive more carefully and usually residents prefer to stay at home instead of

move in the city.

Table 1. Monthly distribution of Tehran’s UTAs (2011).

Month Number of Accidents Percentage of Accident
January 3865 6%
February 3543 5.5%
March 4251 6.6%
April 5797 9%
May 4895 7.6%
June 5540 8.6%
July 6635 10.3%
August 6313 9.8%
September 7279 11.3%
October 6506 10.1%
November 5346 8.3%
December 4573 7.1%
Total 64,421 100%

Source: The Police Department of the LR.I, Tehran.
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In respect of many researchers [9] that stated the number of accidents is
higher in rainy and snowy days (autumn and winter), in Tehran city the share of
accidents is higher in summer. 34% of accidents occurred in the summer, when
the school and university classes are mostly closed or open only for some hours.
The majority of all accidents occurred in summer and the lowest share is related
to spring. In spring the number of UTA decrease in urban areas, but increase in
suburban roads. This is because of the New Year Holiday (Norooz) and the in-
crease of trips from inside of the city to outside. In this period of time the num-
ber of accidents outside of the city increases. However, in summer, the highest
season in UTAs, increased temperatures, schools being closed down and people
on the move towards vacation places contribute to an increase of UTAs.

The frequency of the UTAs by month increase in summer and autumn and
decrease in winter within the Tehran City. As drivers do more attention in win-
ter and less in summer because of high temperature. During the winter, people
prefer to stay at home because of the weather condition and lack of sufficient
urban transportation in rainy and snowy days, therefore population is inhibitory
in the city and urban activities decrease.

Based on the temporal analysis of UTAs, 21% of UTAs occurred in spring,
34% in summer, 27% in autumn and 18% in winter.

Month of accidents is one the basis of attribute data that are collected for this
study, therefore can observe the disparity among months in their total number
of road UTAs. The relationship between UTA’s and month is similar with sea-
sons as months create different seasons. But some months have significant ef-
fects on UTAs. Such as September (Mehr) which is the first month of new edu-
cational year or Ramadan which change over the year. These difference charac-
ters of months and Ramadan as well, affect drivers’ behavior and urban dynam-
ic. UTA numbers decrease in winter, because road users drive carefully and most
of the people who don’t have official jobs and house wives prefer to stay at
home, in addition employees and workers usually reduce work hours or take rest
during snowy days. In addition, school closures because of snow are common in
Iran and Tehran as well. Table 1 shows, the variation in the number of road
UTAs during the months of a year. UTAs are fairly uniformly distributed by
month ranging between 11.3% in September and 5.5% in February, and acci-
dents were relatively higher in the dry months of July, September and October
than other months.

UTAs are analyzed based by daytime changes as these have a direct effect on
urban movements and resident’s daily pattern of activities.

The most significant number of UTAs in Tehran City are registered on
Wednesdays (18.1%), followed by Tuesdays (16.2%), and the lowest number are
on Fridays (11.3%). It should be mentioned here that Saturdays and Sundays are
weekdays and Fridays are weekends in Iran. The facts behind this weekly pattern
can be attributed to urban dynamics and human mobility as well as traffic vo-
lume and pattern, which differ on weekdays and weekends; traffic volume and
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pattern is the key factor of connection between population and work places.
Thursday is the final workday of the week and the population then takes longer
trips to suburban zone with longer distance, for entertainment and relaxation in
addition to workplace travel. Fridays has less urban movement and fewer daily
urban trips are made as it is the only day off and all administration offices,
schools, universities, and the Grand Bazaar are closed. Friday is the safest day of
the week with the least number of UTAs, because of fewer business, employ-
ment, and educational trips being made. Thursday has the heaviest percentage of
UTAs. As all schools, universities, government, and public positions are closed
on Fridays, the lowest UTA occurrence (on this day) can be attributed to the
lower number of urban trips. Most of the above-mentioned facilities close earlier
on Thursdays than on other weekdays, but culturally and socially, people engage
in other activities during the remaining time. Most shopping, weddings, parties
and many other ceremonies and activities are held on Thursday nights. The
weekly distribution of UTA severity is indicated in Table 2. The peak days for
UTAs are Mondays and Thursdays.

Comparing the relationship between different hours of the day and the UTAs
in Tehran, the incidence and intensity of UTAs correlate positively with RH and
urban dynamics. UTAs are higher within Tehran City during the morning when
offices, schools, and commercial centers open and then during the afternoon RH
when offices, schools, and other governmental centers close and people are on
the transportation network to return home. The pattern may be because of the
intensity of trip production and its attractiveness for many different purposes,
especially work or study. In addition, on Thursday government offices close ear-
ly and employees usually work half a day or do not work at all, thus they have
more time to go home for lunch and make more urban trips in the same day.
Because the numbers driving at night are normally lower than in the daytime
most UTAs in Tehran occur in daytime during the day hours. The hourly varia-
tion of Tehran’s UTAs is shown in Figure 4. The table shows the coincidence of
higher UTAs during the RH at morning, noon, afternoon, and evening.

To investigate a meaningful relation between numbers of UTAs in RH, the ra-
tio of accidents is calculated hour by hour. When the transportation networks
are more crowded during the RH, the rate of accidents is affected by lower speed
and more accidents but they are less severe. The driving speed is the key factor
which is dependent on traffic volume, road type and driver’s attitude which ex-
presses that relationship between UTA. Road type variations clearly show that in
contrast to many cities in the world, Tehran’s highways and expressways are not
the most dependable for driving.

The urban traffic accident rate is higher during the morning when offices,
schools, and commercial centers open and then during the afternoon peak hours
when offices, schools, and other governmental centers close. This is because of
the intensity of trip production for many different purposes, especially work and
study. The figure demonstrates the coincidence of higher accidents during the

RH in the morning, afternoon, and evening.
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Table 2. Daily distribution of Tehran’s UTAs (2011).

Day
Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday

Total

Accident Percentage
9341 14.5%
8439 13.1%
9469 14.7%

10,436 16.2%
11,660 18.1%
7797 12.1%
7279 11.3%
64,421 100%

Source. The Police Department of the I.R.I, Tehran.
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Figure 4. Hourly variation in UTAs type (2011). Source: The Police Department of the I R.I, Tehran.

3.2. Hourly Variation in UTA Types

Comparing the relationship between different hours of the day and the UTA in
Tehran, the incidence and intensity of UTAs correlate positively with peak
hours. The UTA rate is higher during the morning when offices, schools, and
commercial centers open and then during the peak hour in the afternoon when
offices, schools, and other government centers close. This is because of the in-
tensity of trip production for many different purposes, especially work and
study.

There are two RHs in the morning hours between 7:00 and 8:00 and 8:00 to
9:00 and one RH from noon to afternoon at 14:00 to 16:00; finally, there is one
RH in the evening between 16:00 and 19:00. During the RH, the traffic is high as
a result of urban trips and human movement. Public employees, governmental
offices employer, some industrial workers and many students leave their home
at the same time. The late afternoon RH and UTAs congestion is again caused by
the return trips of the same persons. In addition, most shopping and entertain-
ment trips occur in the afternoon and in the evening. However, the RH for FAs
is different from the losses and injury caused by the kinds of UTAs. During this
study period, 819 people lost their lives because of UTAs in Tehran City. Of
these, 491 were killed in the evening hours and early morning from 22:00 to

6:00. In addition, the largest number of mortalities was among car passengers.
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3.3. Black Spots over Time

UTA black spots are usually defined as specific locations in a transportation
network with a (relatively) high UTA rate. In order to distinguish these hazard-
ous locations, first, one needs to know where these locations are and then de-
termine the probability of a UTA according to environmental characteristics
(e.g., the dominant road type, land use category, etc.). One of the most impor-
tant purposes of UTA black spots analysis in this study is to discover and gener-
ate the information and reasons for these hazardous locations. The information
created can be a key to identifying black spot areas and making decisions using
empirical scientific and scientific measures to reduce UTA occurrences. Gener-
ally, in this study UTA statistics from the Tehran Police are considered as as-
sessment indicators that predict future UTAs and increase safety. By analyzing
actual reliable GIS dataset, future patterns of UTAs become more reliable and
predictable. In this study UTA hotspots were calculated and analyzed by the
KDE in UTA data along Tehran’s entire transportation network. Figure 5 shows
the results of kernel density application in the study area.

According to the findings, UTAs and hotspots/black spots are dynamic phe-
nomena which are dependent of urban dynamics, urban structure, and time as a
crucial factor. Hotspot locations change over time. As Figure 5 shows, high-risk
areas in the morning are located in the suburban areas as many highways are lo-
cated there, and suburban highways are used for connecting suburban to urban
zones. As people use suburban highways in the early morning and late at night
for starting daily activities and the afternoon for finishing work and returning
home, hotspots in the morning period of 0:00-6:00, and the night period of
18:00-0:00, are located in the suburban areas. However, when considering the

daily activity of the city, the number and location of hotspots changes.

3.4. High-Risk Areas

UTAs occurring close together spatially may be the products of locations with
higher levels of conflicting volume, such as commercial land use or some specific
road type, such as highways. Identifying high probability UTA areas is an im-
portant issue for traffic safety programs. Despite a stricter “black spot” definition
in highway safety, UTA-prone locations are regarded as “hotspots,” which can
be defined differently according to the focus of the analysis.

A considerable number of studies are available on the detection of UTA hots-
pots, which have been widely discussed in the literature. There are many UTA
hotspot analysis techniques used such as KDE, Network KDE, NNH Clustering
Algorithm, Black Spot Analysis, etc. There are distinctions made between these
methods; one method uses the actual location of a UTA (point in GIS) and one
uses the number or density of UTAs for a small geographical area, such as zone
or grid cell. KDEs all use zone data while on the other hand, NNH and Black
Spot methods use point data. The methodology of spatial analysis can change ac-

cording to the aim of the research and expected results. For this study, clustering
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Figure 5. Hot spots of accidents in Tehran city (a) 07:00-09:00; (b) 12:00-14:00; (c) 14:00-16:00 (d) 18:00-20:00.

is used; however, one of the most widely used methods in traffic safety, the KDE

method is also performed.

3.5. Accidents by Land Use

Land use category and distribution of activities are two main factors that are in-

fluencing UTA patterns. Demand for travel is derived from the distribution of

work facilities, schools and universities, entertainment and shopping centers,

etc. Land use category is a principal factor for urban daily trip contributing and

main influencing factors for environments in the transportation network [10].

Ben-Akiva and Bowman [11] stated that land use is one of the major factors in

the generation of traffic and UTAs as well. They also indicated that land use is

the main influencing on safety and traffic congestion and volume. Today, Te-

hran residents travel between different districts for different purposes including

work, study, shopping, etc. This urban movement and its dynamics cause inte-
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raction between land use systems and transportation networks in different ways.
In general, different environments with different geographical features and land
use patterns generate different number of urban daily trips. As the number of
urban daily trips increase the probability of UTA occurrences with lower severity
also increases. The dynamics of the city and accessibility within the city affected
by US and land use patterns. In Tehran City, approximately 20,000 - 30,000 cars
enter Tehran from suburban cities and, in total, more than 18,000,000 urban
trips are made in a day [12]. Number of hot spot by land use category shows in
Table 3.

Table 3. Number of hot spot by land use category.

Total number Area of
Land use Suburban Hot
of CBD  Urban zone Rank hot
Category . zone cluster
accident clusters
Administration 3285 (5.1%) 1.8% 3.3% 0% 4 120 29.8
Agriculture 128 (0.2%) 0% 0% 0.2% 10 2 4.2
Commercial 4702 (7.3%) 2.1% 4.2% 0.9% 3 121 314
Education 1030 (1.6%) 0.4% 1.1% 0.1% 8 11 18.5
Health 579 (0.9%) 0.2% 0.65% 0.05% 9 9 11.2
Industry 5669 (8.8%) 0.04% 2.6% 6.16% 2 147 14.8
Transportation 1159 (1.8%)  0.4% 0.9% 0.5% 6 114 10.6
Park 1481 (2.3%) 0.9% 1.1% 0.3% 7 51 16.4
Residence 43,613 (67.7%) 2.6% 44.63% 20.47% 1 354 34.2
Non-Built up 2770 (4.3%) 0% 0.2% 4.1% 5 115 17.1
Total 64,421 (100%) 8.43% 58.68% 32.88% - 996 188.2

Tehran City is face to special pattern of urban dynamics with around 18
million urban trips in a day [12]. These trips consist of traveling for work,
education, shopping, and recreation, and are categorized according to trip
purpose.

Understanding the relation between accident hotspots and urban structure or
built-up environments can be studied on two dimensions. First, it is necessary
to identify the distribution and pattern of hotspots across urban structures to
determine priority areas where precautions initially take place. As different urban
land use creates different population density, speed profile, traffic volume, and
pedestrian activity, it is important to divide urban regions into different zones.

In the second dimension, UTA hotspots in Tehran should be analyzed and
studied over time to take into consideration the urban network components. As
time is the crucial factor in urban dynamics in terms of UTA occurrence, the
patterns of hotspots over time are significant. Hotspot analysis is crucial to de-
fine where more UTAs take place in order to warn drivers and pedestrians. Dif-
ferent land use areas, such as the CBD, create a non-uniform geographic distri-

bution of UTA locations (and hotspots) over the space. A simple way to asso-
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ciate UTA hotspots (also called “clusters”) with urban land use is to divide the
urban region into zones with different transportation and land use patterns
(Table 4). Traditionally, mature urban regions include, but are not limited to
zones classified as CBD, urban zones (or inner city), and suburban zones (or
outside zone).

Studying the hotspots or risky areas for traffic safety in Tehran is important to
identifying the type of land use in urban areas (Figure 6). As the CBD is an at-
traction center in the city in terms of business activities, it is important to define
it. In addition to the CBD, it is important to define the inner city or urban zone,
which can be considered the area highly populated by settlements and urban fa-
cilities. By and large, the main entrance corridors are not located in the inner
city. For this reason, suburban zone areas should be separated from other zones
as the entrances to the central city are located there. Furthermore, the urban
transition zones where the high-speed corridors are located should be identified.
The location of facilities and their dependence on land use is a reflection of so-
cio-economic and ecological forces. In Tehran City, the growth of urban com-
munities is facilitated by the increase in population and accompanied by the
growth of different land uses. These have led to the arrangement of people’s ac-
tivities, buildings, and commercial points in different locations along the trans-
portation network, which in turn generates different trips on a daily basis. The
conflict between the potential for population increase and growth of land use
results in an increase of daily urban trips that produce UTAs in the urban area.
The relationship between land use and UTAs in Tehran is further complicated
by increase in mixed land use, and the associated intensification and diversity of
lifestyle. The trips generated tend to be high in one place and moderate to low in
some places. Moreover, the continuous movement of people on two and four
wheels creates UT As. Figure 7 shows the spatial pattern of UTAs over time by
land use. In the morning period, from 0:00 to 06:00, most UTAs occurred in
suburban areas. This is because suburban residents use suburban roads for going

to the urban areas for daily activities.

Table 4. Ranking hot risky zones cluster by land use.

Hot
County Rank cluster
CBD 3 21
Urban zone 1 214
Suburban zone 2 132
Total - 367

Areaofhot  County Area of hot Hot cluster
Area . Pop .
clusters area % cluster dominantland ~ Zone pop o Black time
(km) (Km) 0 % use type ’
. 8:00-10:00
5.72 59.8 8.2 9.56 Commercial 2,408,211 19.4
14:00-16:00
o 7:00-9:00
58.31 391.2 53.6 14.90 Residential 5,983,288 48.2
16:00-18:00
. 6:00-8:00
35.96 278.8 38.2 12.89 Industrial 4,021,961 324
18:00-20:00
100 729.1 100 37.35 - 12,413,460 100 -
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Over time, UTA patterns also change across the city, from the suburban to the

urban zone as urban zones are administrative, educational, and commercial
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Table 5. UTAs by land use over time.

ports. As a result, UTAs concentrate in the urban zone in the morning period
between 06:00 and 12:00 and from the afternoon to evening or 12:00-18:00.
From 18:00 people tend to return home by using the highways and freeways in
suburban areas, and the UTA pattern moves from urban to suburban zones.

In this study, cluster analysis is used as one of the main methods not only as a
spatial analysis tool but also as a statistical method for classifying similar obser-
vations. I used this method in order to classify all UTAs in a polygon in to
groups as clustering analysis method is one of the most trusted technique for hot
spots identification.

The results shown in Figure 7 and clearly indicate that the number of UTAs
changes by land use categories over time (see Table 5). In the period of 0:00 to
6:00 and 18:00 to 24:00, UTAs are denser in industrial ie., suburban areas. The
classification is based on the number of UTAs, 0 - 5 UTAs classified as the safest
area and more than 25 classifies as the most dangerous. The analysis of UTAs by
cluster analysis and over time shows that pattern and number of UTAs change
over time by land use. From 6:00 onwards, UTAs move from suburban to urban
zones as the urban zones are centers of commercial, administrative, and educa-
tional land use and people use them to undertake daily activities. Many people
live in the suburban zone and work, study, etc. on CBD and urban zone, there
for they move from suburban zone to urban zone every day. As 8:00 is the start
of all public facilities and administration offices, people who love in the subur-
ban zone need longer time to reach to the urban zone by time, therefore it was
observed that suburban zone has high number of accidents in early morning and
late night. The CBDUTASs are shown to occur in the periods between 6:00 and
12:00 and 12:00 to 18:00 because of increasing population and traffic congestion
in these time periods. Table 5 shows the most dangerous land use category in
Tehran City by the number of UTAs over time. The CBD and inner zone are the
riskiest zones while the suburban zone has the highest risk in the period of 0:00
to 06:00 and 18:00 to 24:00.

Land use Total nflmber 0:00-6:00 6:00-12:00 12:00-18:00 18:00-24:00 7:00-9:00 14:00-16:00 17:00-19:00 Accident type
Category of accident Fatal Damaged Injured
Administration 2639 (4.1%) 131 1215 1179 402 714 1041 310 112 1974 607
Agriculture 137 (0.2%) 79 19 34 5 2 - - 2 64 13
Commercial 4069 (6.3%) 249 941 1956 923 860 1201 1425 98 3781 190
Education 418 (0.6%) 10 221 110 77 154 194 51 21 351 54
Health 971 (0.9%) 92 415 351 113 321 164 21 114 601 253
Industry 5054 (7.8%) 2104 1414 605 1021 1012 1242 941 131 4002 921
Transportation 2180 (1.8%) 951 314 101 814 320 216 510 32 1921 11
Park 2143 (3.3%) 314 641 619 569 322 219 1002 57 1751 227
Residence 44,796 (69.5%) 6051 12,145 13,472 13,101 3140 4151 4569 148 34,521 10127
Non-Builtup 2014 (3.3%) 818 215 412 569 816 945 347 54 1574 386
Total 64,421 (100%) 10,799 17,540 18,488 17,594 7661 9373 9179 819 50,813 12,789
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Variations in UTAs were examined for each hour in the 24 hours of the day,
for four different time periods and 4 rush hours extracted based on the UTAs
(07:00-09:00, 12:00-14:00, 14:00-16:00, 18:00-20:00). The results were different
and separate UTA distributions.

3.6. Accidents by Population Density

An essential indicator of socio-economic identification is population density. An
examination of the population density in Tehran City shows the obvious differ-
ences between the northern and southern districts of Tehran City.

Tehran population density has the special pattern as population density in-
creased in recent years and the price of land and housing completely different
within the districts. The southern districts land and housing are cheap, therefore
most of immigrants live there and these areas are the most populous while north
area has the lower density as these areas are the most the most expensive areas.
According to the census 2011 calculations, District 2 and District 5 with 434 and
402 people/ hectare, respectively, are the most populous districts in Tehran City
while district 22 has the lowest which has 1.3 people/hectare. Table 6 and Figure
8 show the result of accidents by population. Accidents by 1000 population re-
sult shown in Figure 8.

As mentioned in the literature review, there are many hotspot techniques that
can be used. In this study, the NNH clustering analysis method is used for de-
tecting hotspots as it is focused on the identification of groups of data that are
spatially close. This particular method’s qualification for use is the Euclidean
distance between every data point. If a threshold distance is selected, the point
pairs with smaller distances are clustered together. The NNH clustering algo-
rithm does not generate clusters from all observations in the study area. As it
depends on criteria with regard to distance, only points that satisfy the criteria
are clustered.

The simplest way of measuring drivers’ behavior, knowledge, and culture is to
ask them how they typically act, and thus use individuals as their own monitor-
ing devices. In this way, any behavior, thought, attitude, or experience can be
recorded for any time period. One of my considerations is identify the relation-
ship between personal characteristics of drivers (attitudes, behaviors, etc.) in-
volved in UTAs, therefore a questionnaire survey was conducted in Tehran City
in June 2016. 1500 questionnaires were distributed in the study area and 1135 of
them were returned. The questionnaire results revealed that drivers with less
education have the potential of accidents occurrence with perform risky driving,
and more educated drivers were least likely to be involved in UTAs. Based on
the questionnaire result, male have more dangerous behaviors and drive speedi-
er comparing women, not giving priority to others, and so on. Of respondents,
30% believed that Tehran UTAs were caused by habit or, on the other hand, by a
cultural problem. Moreover, they expressed the belief that penalties are the pri-

mary prevention factor in causing them to observe and follow traffic regulations.
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In addition, in Tehran City, the major contributing factors to accidents in the
majority of UTAs are drivers’ behaviors. Negligence is a main feature in UTAs in
Tehran. Refusing to give priority to pedestrians and other vehicles, lack of ade-
quate distance between vehicles, lack of attention to going forward, and high

speed are the most prominent problems.

Table 6. Ranking hot risky zones cluster by population.

A f hot Count A Hot clust P
County Rank  Hot cluster rea othio ounty rea OF IS Zone pop P Black time
clusters area % pop %
8:00-10:00
3 39 17.0 59.8 8.2 343,079 2,408,211 19.4
CBD 16:00-18:00
7:00-9:00
Urban zone 1 224 81.7 391.2 53.6 533,987 5,983,288 48.2
15:00-17:00
5:00-7:00
Suburban zone 2 105 50.4 278.8 38.2 50,500 4,021,961 324
17:00-19:00
Total 368 149.1 729.1 100 927,566 12,413,460 100
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Figure 8. Accidents by 1000 population (a) 07:00-09:00; (b) 12:00-14:00; (c) 14:00-16:00; (d) 18:00-20:00.
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One of the most significant cultural problems in Tehran’s UTAs is the move-
ment of pedestrians on roads, without any attention being paid to signage; this
also contributes to the incidence of UTAs, which are magnified at road cross-
ings. In Tehran, many UTAs occurred at roads with no space for pedestrians and
when traveling on both sides of the road without using the sidewalks. Some oth-
er significant cultural problems are: both drivers and pedestrians not paying
enough attention to signs, rule violation, a high sense of revenge, legal factors,
dealing with offenders, lack of comprehensive rule enforcement that deters of-

fenses, and lack of penalties’ inhibiting poor behavior.

4. Spatio-Temporal Analysis of Tehran UTAs

The main objective of this study was empirical study of UTAs in Tehran city by
urban structure, which is zones, temporally and spatially. For better under-
standing of spatial pattern of UTAs through the spatial structure of city, the
study area divided to 3 zones based on different factors which include but not
limited to: 1- Tehran land use 2- Tehran’s master plane 3- Tehran’s socio eco-
nomic activities pattern. The 3 zones comprised spatially and temporally for
better understanding the effect of urban structure on UTAs. Spatio temporal
analysis of Tehran’s UTAs shows significant differences through the US. UTAs
pattern vary by urban zone, temporally and spatially. Figure 9 shows the varia-
tion of UTAs by month; day and time in different zones and express different
zone have different patterns and numbers of UTAs. Comparing the UT As within
the zones showed that the intensity and incidence of UTAs are positively corre-
lated with the time and space. Something which accounts for these differences is
the US and urban dynamic.

UTAs pattern vary by month and day as well. For CBD zone, March and Sep-
tember, Sundays and Mondays are the black months and days. Comparatively,
March and September for urban zone, July and August for suburban zone are
the months with the highest number of UTAs in the city, Saturdays, Sunday and
Thursdays for urban zone, Thursdays and Fridays for suburban zone are the
black days. This could mainly due to the effect of time and culture in urban dy-
namic. The occurrence of UTAs can vary within the 24 hours of a day across
zones due to the urban dynamic. The number and severity of UTAs vary across
zone. 09:00 and 18:00 are the black hours for CBD zone while 07:00 and 16:00
for urban zone, 6:00 and 15:00 for suburban zone are the black hours. From a
spatial perspective, there are noticeable geographic variations in Tehran’s UTAs
by zone.

The distribution of UTAs in Tehran’s CBD clearly reveals that their nature
and origin are entirely different from other zone.CBD with the share of 54 km in
highway, 159 km in primary roads, 254 km in secondary road and 212 km ter-
tiary road with 4792 accidents, is the safest zone in Tehran city. As the CBD is an
employment center that attracts far more trips per square kilometer than any of

the other zones, the mobility of pedestrian activities is higher when compared to
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Figure 9. Accidents by (a) month, (b) day and (c) hour in Tehran’s zone.

the other zones, but traffic limitations, a contemporary subway system, and an
extensive penetration area make this zone safe. “Any movement in Tehran
should be planned based on traffic zones. There are two different types of traffic
zones in the city:

1) Restricted zones, based on cars’ registration number (for odd and even
days).

2) Central restricted zones, which is open for public cars (Buses, Taxis, Am-
bulance, etc.)” (Tehran City Hall).

The main reason of UTAs in CBD zone is penetration mistakes while the
main accident type is motorcycle to pedestrians, as this area has the large volume

of pedestrians and motorcycles in a day. In Tehran CBD, motorcycle is domi-
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nant vehicle as this area has traffic limitation boundary and cars cannot enter to
the zone without official permission but motorcycle can move easily and come
to the traffic limitation boundary even without permission. Also based on the
structure of this zone, motorcycle is easy to drive instead of cars. In this zone,
motorcycles work as a public transportation and many people used these trans-
portation type such as a taxi or bus. The black days of CBD zone are Sunday and
Monday, the reason is not completely clear but based on the activity’s culture
usually people postpone their leisure to CBD from Saturday (first day) to Sunday
and Monday as they think the first day is very busy. Also as Friday is weekend
holiday and people did some entertainment and leisure on this day, then they
prefer to stay at home a day after weekend.

Tehran’s urban zone or the inner side of the city faces a different pattern of
UTAs between the city (urban zone and CBD) and the suburban zone. Tehran’s
transportation network has a radial pattern of roads that radiate outwards.
Roads are classified on the basis of their location, importance (land use they
serve), width, and length, traffic volume, and loads transported [13]. The main
type of roads in Tehran’s transportation network is categorized as highways,
primary roads, secondary roads, and tertiary roads. These roads types have a di-
rect effect on traffic flow, congestion, and UTA pattern.

Many people live in Karaj city (one of the biggest country side city) and
other surrounding cities but work or study in Tehran City and thus take
roundtrips from Karaj to Tehran. This difference between place of residence
and daily life involving work and study creates a special pattern of urban dy-
namics, urban daily trips, and UTAs. These differences clearly show the effect of
socio-economic activities on the equality and quantity of UTAs, traffic volumes,
and traffic patterns. Moreover, Tehran’s religious activities as well as social ac-
tivities, and some sporting events take place in the biggest and most famous sta-
dium of Iran (Azadi Stadium), and some special events, such as Ramadan, reveal
distinct patterns of when and where UTAs occur within the city. Driving know-
ledge, culture, and behaviors such as work, school, and socializing affect UTAs
[14]. The social, economic, and cultural activities influence the spatial and tem-
poral arrangement of the UTAs in Tehran. Spatial analysis of UTAs by using
GIS, discovering where and when UTAs occur, might allow a greater under-
standing to be reached. Understanding the patterns and reasons for UTAs in-
fluences decisions concerning improved and safer roads. The results reveal that
more FAs occurred in less urbanized and populated areas, with more highways
and wide roads. My finding showed those FA hotspots in areas with low traffic
volumes and fewer built-up areas, more highway and freeway road types, con-
verging roads with less police control, and higher speed limitation areas; they are
also less urbanized and have lower concentrations of activities and thus low vo-
lumes of traffic. Spatial distribution of UTAs in Tehran city reveled that UTAs
are more highlighted from the West part of the city toward South which is from

Azadi Street to Kazaneh. This pattern caused by the location of two main and
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biggest passenger terminal which are located one in the west and the other in the
south and along the highway. These two facilities clearly states how US asso-
ciated with UTAs.

The findings revealed that the highway and freeway road type with high speed
levels have higher rates of FAs and accidents involving injuries, a blacker spot. In
Tehran city, main and most usable Highways located from East and southern
entrances of the city and continued within the city. More populous areas, such as
the urban zone or inner city, were consistently identified as hotspots for acci-
dents involving injuries, while the CBD, as the most populous and dynamic area,
was identified as the safest zone with the fewest hotspots. This pattern clearly
shows that more urbanized areas with a high density of buildings and popula-
tions have a significant traffic volume in comparison with the suburban zone,
therefore the severity of accidents is different. The number of hotspots and se-
verity of accidents increases as drivers’ speed increases. Results revealed that FA
hotspots contributed in highways and freeways where people drive faster; and do
match which come from their internal emotions and culture. The results re-
vealed that an area with higher population and employment density, and fewer
highways, freeways, and traffic limitation zones will be inclined to have fewer
FAs and, in contrast, more UTAs can be seen in areas with more highways and
freeways. Fewer UTAs in areas with fewer highways and freeways may be caused
by two main factors: the first is intense police control, and the second is more
careful driving at lower speeds plus police monitoring. The severity of accident
decreased according to traffic volume and city activities. More congested roads
are equal to more UTAs but less severity. Traffic volume has an effect on type
and severity of accidents as it has an effect on speed by reducing congestion. By
using temporal and spatial analysis, I found that in Tehran City, more UTAs
occurred on Saturday, Sunday, and Thursday based on the zones and geograph-
ical features of the environment. For suburban zone, Thursdays and Fridays are
the black days based on the number and kind of accidents. In the CBD, Sundays
and Mondays were recognized as hot or black days. In CBD, most of the time,
especially during the RH,

Regarding time of day, it was identified that UTAs occurred at different times
in different zones, as the zones’ times for urban daily trip generation are differ-
ent. Of all UTAs, most occurred between 8:00 and 20:00. The results of spati-
otemporal analysis of UTAs in Tehran City show hotspot patterns are changed
by time, space, and US. It was found that the incidence of UTAs was because of
different factors, the most important of which are time, US (zones), land use,
and population, which have interdependent relations with each other. The land
use characteristics determine the function of an area and population determines
the rate of activities in the area. The land use category has a direct impact on the
potential risk of UTAs. In Tehran City, land use category and urban activities,
which are typical of different zones, are significantly involved in the kind, type,
and rate of UTAs. The UTAs and land use interaction can happen between

zones or within a zone. There is a strong possibility and rate of UTAs in Te-
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hran’s urban zone because of mixed land use established within the zone. Te-
hran’s urban zone is a combination of residences, health and administration fa-
cilities, entertainment, and shopping centers. When land use is defined as having
a single purpose, such as industrial land use in a suburban zone, the interaction
of land use and transport tends to occur between or within zones.

Some land use categories have noticeably different effects on UTA severity at
different RH and non-RH periods. For example, in the CBD, commercial facili-
ties and the Grand Bazaar act as trip attraction within work time, while most
leisure facilities and residential land use activities attract people after working
hours. Therefore, different patterns are created in UTAs, according to RHs and
non-RHs in the land use categories.

For all fatal results, most of the hotspots are located in the local zone where
high-speed corridors and main arterials are mostly located. Land use category
and urban density were associated with an increased number of UTAs and se-
rious injuries.

Based on the methodology in this study, time is a crucial factor in UTAs,
which has a direct impact on the transportation network congestion level,
transportation mode, daily urban activity, daily urban trips, mobility which af-
fect the speed level. During the RH and when the transportation network is
congested, decreasing speed reduced the severity of UTAs, which indicated that
travel speed is a key factor that is affected by land use category, population,
drivers’ knowledge, and culture. Period variations clearly show that the black
period is changing by land use category and urban zones.

As expected, the distribution of UTAs over an urban region was not uniform.
Therefore, it is important to detect UTA-prone locations or hotspots. Even
though there is a well-defined “black spot” definition for UTAs, safety practices
are not that easy or straightforward to adopt in urban regions. Largely because of
the complex road network in urban areas, it is not easy to define a unit segment.
For this reason, there is no strict definition UTA hotspots. The definition of
hotspots in urban areas can also vary based on the scope of the study.

To address these complications in urban traffic safety analyses, it is important
to develop a methodological framework for studying hotspots in urban regions,
which is the primary focus of this study. The proposed methodology focused not
only on detection of UTA hotspots, but on assessment of their distribution with
regard to the built environment’s features. ArcGIS, which produces clusters,
provides for a hotspot detection process. The built environment relations are
analyzed at the level of urban zones and distance to land use. While all the cal-
culations are carried out in a GIS environment, the significance of the relations
is tested via statistical tools (Table 7).

The main objective of this analysis was to investigate the spatiotemporal
structure of UTAs. To achieve this, the temporal and spatial analyses were con-
ducted for different spatial zones (CBD, urban, and suburban); when these were
combined it was found that they were more likely to be distributed temporally.

CBDUTAs occurred more frequently in the morning peak. However, more
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Table 7. Statistics of hotspots.

UTAs were likely to occur during the afternoon period in urban zones and espe-
cially from 14:00 to 17:00. This is due to the high number of workers or shoppers
in the city, which causes more frequent pedestrian-vehicle UTAs while the black
time for suburban UTAs is after midnight. I also discovered that losses or dam-
age UTAs mostly occurred during the day, while fatal and injurious UTAs are
more likely to happen at night. To demonstrate the clustering of UTA frequency,
and thereby reveal spatial hotspot areas, KDE was applied. While analysis at a
larger spatial scale provides a general overview of the nature of UTAs, it does not
reveal underlying trends and patterns that might be beneficial to understanding
the characteristics of UTAs by land use and population. Urban zones can be di-
vided into sub-zones to understand the relation between UTA occurrence and
land use. Residential, commercial, educational, industrial, and non-urban areas
among others can be defined more precisely to understand the relationship be-
tween UTA hotspots and land use (Table 8). Furthermore, if available, land use
information should be utilized. Analyzing hotspots with land use information

may be more informative for traffic safety officials.

50 m 100 m 200 m

Minimum number
of UTA per hot spot, Average number of

Average trimmed Average trimmed Average trimmed

Average number of Average number of

i hot spot length hot spot length hot spot length
nmin UTA per hot spot UTA per hot spot UTA per hot spot
P P (in km) P P (in km) P P (in km)

1 4.717 0.010 5.821 0.250 6.141 0.441

2 5.655 0.021 6.741 0.325 7.152 0.511

3 5.812 0.025 6.842 0.384 7.251 0.523

4 6.021 0.041 7.231 0.410 7.651 0.558

5 7.125 0.061 8.214 0.510 8.001 0.601

6 7.845 0.074 8.412 0.521 8.021 0.615

Table 8. Number of hot spot by land use category.
Total number of
Land use Category acciient CBD Urban zone Suburban zone Rank Hot cluster  Area of hot clusters

Administration 3285 (5.1%) 1.8% 3.3% 0% 4 120 29.8
Agriculture 128 (0.2%) 0% 0% 0.2% 10 2 4.2
Commercial 4702 (7.3%) 2.1% 4.2% 0.9% 3 121 314
Education 1030 (1.6%) 0.4% 1.1% 0.1% 8 11 18.5
Health 579 (0.9%) 0.2% 0.65% 0.05% 9 9 11.2
Industry 5669 (8.8%) 0.04% 2.6% 6.16% 2 147 14.8
Transportation 1159 (1.8%) 0.4% 0.9% 0.5% 6 114 10.6
Park 1481 (2.3%) 0.9% 1.1% 0.3% 7 51 16.4
Residence 43,613 (67.7%) 2.6% 44.63% 20.47% 1 354 34.2
Non-Built up 2770 (4.3%) 0% 0.2% 4.1% 5 115 17.1

Total 64,421 (100%) 8.43% 58.68% 32.88% - 996 188.2
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As expected, the number of hotspots obtained from all UTAs shows differ-
ences regarding different time and zones. For all results, it can be said that most
of the hotspots are located in the third zone where high-speed corridors, primary
industries, and factories are mostly located. More than half of the total number
of calculated hotspots is seen in the third zone where high-speed corridors and
main arterials are located. Traffic safety officials should be aware of this situation
as nearly half of the total hotspots calculated are seen in this zone.

Injury hotspots are also calculated by different time and zones. The most
striking result to emerge from hotspot analysis of pedestrian UTAs is that most
of the hotspots are located in the second zone where settlement areas are mostly
seen. As expected, more than half of the total number of hotspots is concen-
trated in the second zone. This situation may be attributable to the low mobility
of pedestrian activities compared to other zones. Fewer UTA hotspots are seen
in the CBD. This may be because of strict traffic limitation boundaries in the
CBD that only allow some cars to enter this area.

Time-based hotspot locations are also dispersed over the study area. In all pe-
riods, the observed hotspots in the CBD are minimal, with the urban zone and
suburban zone having higher than expected values taking into consideration that
the uniform distribution of the number of hotspots over the four time periods
shows differences. According to this, the observed number of hotspots for
morning and night-time periods is lower than expected. In contrast, the found
rate is higher than the expected number of hotspots when afternoon off and
night-time periods are taken into consideration. The temporal distribution of
hotspots shows differences. Accordingly, fewer hotspots are observed when
compared to the expected values for peak morning and night-time UTAs. On
the other hand, there are more hotspots calculated than expected for afternoon
and evening peaks.

In this study, I also tried to examine and explain the relationships between
various land use of US and UTA in Tehran city. The results showed that differ-
ent land uses generate different kinds of urban and human movement, which are
undertaken using various modes of transport to reach different activity centers.
The connection between traffic flow and land use produce road UTAs in the ur-
ban area, which occurs when the interaction between cars, transportation net-
work users, and the roads become defective. Findings showed that land use is
not the only determinant of road UTA; others such as increased traffic flow,
dangerous driving, lack of concentration, refusal to obey traffic rules, and me-
chanical faults are also major causes of road UTAs in Tehran City. Evaluation of
the results shows that urban zones with commercial and administrative land use,
and suburban zone with industrial land use are very dangerous with respect to
both fatal and injurious UTAs. This situation may occur because of poor geo-
metric design or inadequate regulations. To provide traffic safety, more effort
could be made to develop and manage the zones’ structure. When creating or

improving the geometry of roads, traffic safety issues should be taken into con-
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sideration. Rather than giving the automobile priority, pedestrian priorities
should be considered. On the other hand, especially in Tehran, the speed profile
is higher than the intended speeds. This situation is true for all zones in the
study area. In the CBD and residential areas, the average speed should be 30
km/h; however, speed profile is mostly seen at 50 km/h and more. This problem
arises from the incorrect design of roads. In Tehran, transportation is planned to
take into consideration the vehicle’s priorities. This can be seen clearly from the
nonstop design of the arterial roads. Even in the urban zone, where residential
areas are mostly seen, speeds are seen of over 50 km/h. In the off-peak hours,
speeds can reach 70 - 90 km/h. High speeds on the arterials roads, especially in
the residential areas, results in a great number of UTAs occurring. In summary,
it is evident that to provide traffic safety in Tehran, traffic speed and traffic vo-
lume should be brought under control by traffic safety officials.

Distribution of UTA hotspots shows that, in the CBD, the number of observed
hotspots is less than expected when the total urbanized area in the zone is taken
into consideration. As the CBD is an employment center and attracts far more
trips per square kilometer than any of the other zones, the mobility of pedestrian
activities and traffic volume are higher than other zones, but strict traffic limita-
tion boundaries also make this zone safer. To provide safety, regulations could
be implemented in other zones too.

About the analysis of demographic factors based on the Tehran census data
and questionnaire results, the age group at highest risk has been extracted. Most
drivers who contributed to the fatal and injured categories of accidents range
from 19 to 39 years. They also believe that traffic regulation rules cannot prevent
them from breaking the rules. Based on the interpreted data, people perceive
that current penalties are not strong enough: any one can easily break the rules
and pay the penalty, current penalties are inhibitor enough and anybody can
easily break the rule and buy it by money. Of course, the penalties do not work
at all when they are too inexpensive. In summary it was found that summer sees
the highest rate of UTAs but there were not extremely big differences between
summer and other seasons.

In the period studied, Ramadan was in August. Changes in sleeping patterns,
meals together, fasting during the daytime, and the high rate of urban dynamics
in more than one area of life, included sleepiness, increased irritability, a de-
crease in concentration, and reduction in physical performance. In conclusion, it
was found that during Ramadan, changes in meals and rest behavior affected
urban dynamics, human movement patterns, and the UTA pattern. Reducing
working hours in Tehran as well as in other cities in Iran, and changing work
hours have a direct effect on the patterns and number of UTAs in Tehran City.
Thus, the rate of road UTAs was lower during the month of Ramadan than in
other months.

The minimum rate of UTAs was related to Friday as Friday is the weekend in
Iran’s calendar. The UTAs occurred mostly between 14:00 and 16:00 in Tehran
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City as most schools, universities, and even administrative offices finish at this
time. The study found that land use categories, the physical characteristics of the
environment, and urban structure all have an effect on drivers and human beha-
vior. Thursdays’ UTA rates are high in Tehran City as they are the last day of the
week; 18:00 to 21:00 is the last period of work on the last working day of the
week, and after 21:00 businesses and department stores close.

UTAs are complex events and many different factors have an effect. In this
study, it was found that UTA occurrence times and patterns change by urban
dynamic, traffic volume, and urban mobility. I have examined 64,421 UTAs that
occurred in Tehran in 2011; these UTAs in Tehran City might occur on any day
at any time and incur many negative side effects. It was found that the incidence
of UTAs over time and over the US, including zones, population, land use, and
road types were closely associated with the underlying land use category and
geographical characteristics of the area. This study did a spatiotemporal analysis
of UTAs in Tehran City and investigated the relationship between UTAs and the
US including land use and population in Tehran City. This research also sought
to develop a GIS-based approach to performing an area-wide link-based relative
accidents risk analysis. The method was used to capture the spatial and temporal
patterns of risk factors for UTA and to identify the actual high-risk segments of
the traffic network. Cluster analysis and KDE are sufficient to spatially estimate
the observed risks with significant variance and high uncertainty, and to inves-
tigate the real safety tendencies underlying the UTA data. The KDE method and
cluster analysis method were applied in this study as a means of generating rela-
tive risk maps and investigating the real areas with high rates of UTAs. Distribu-
tion of UTA hotspots shows that, in the CBD, the number of observed hotspots
is small. As the CBD is an employment center and attracts far more trips per
square kilometer than any of the other zones, the mobility of pedestrian activi-
ties is higher when compared to the other zones; however, traffic limitations, an
attractive subway system, and an area of extensive penetration make this zone
safe. Regarding the fatal results, most hotspots are located in the suburban zone
where most high-speed corridors and main arterial roads are located. The land
use category and urban density were associated with an increased number of
UTAs and serious injuries.

Time variations clearly show that the black period is changing according to
land use category and urban zone. The results of both spatial and temporal anal-
ysis show that suburban zones with industrial land use are the main land use
type associated with dangerous or fatal UTAs. Moreover, the CBD, with a high
rate of urban mobility but a low density of residential areas, is the most dynamic
zone and is associated with fewer accidents in number and severity. Temporal
results show the variation, patterns, and occurrence of UTAs in Tehran City by
season, month, day, and hour. For all of the UTAs per season and per week,
summer is the black season based on increasing urban mobility, and fatal UTAs.

The latter occur more frequently, and Thursday and Monday are the least safe
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days; these are followed by the weekend (Friday), which is relatively more harm-
less. This daily pattern clearly shows the effects of urban mobility and urban
daily trips on the UTA rate.

Within a 24-hour period, the daytime is less safe than night-time, especially in
the afternoon (15:00 to 16:00), which is the least safe time in all days. During
weekdays and Fridays, there are two flat risk peaks in the daytime: the morning
peak (7:00 to 9:00) and the afternoon peak (14:00 to 16:00). In the UTAs ex-
amined in Tehran, the detected hotspots were found to be significant. Regarding
traffic safety, the following conclusions were derived from the findings.

It was seen that the UTA density pattern has changed dramatically in various
zones and time periods. Hence, any change in the vicinity of road sections
should be evaluated in space and time with regard to safety. Shopping malls in-
crease the number of UTAs significantly and therefore increase the UTA risk
around them if the surrounding environment is not adapted accordingly. The
suburban zone with industrial land use is related to the number of UTAs caused
by high speed on the highways.

It was observed that the UTA density pattern changes dramatically in various
zones on an hour by hour basis and according to the RHs. More UTAs but with
less severity occurred in daytime in Tehran when traffic is congested in the city
and crowding exists on the public transportation network. Usually, this is com-
mon at two times of the day, first in the morning RH and then in the afternoon
and evening RH, the times when most people commute and the city is particu-
larly dynamic. This condition is very broad and often refers specifically to an
urban dynamic when there is a large volume of cars, people are on the road, and
there is some disruption to speed.

Different zones have different RHs; this causes the CBD, urban, and suburban
zones to have a different congestion pattern and causes UTAs as well. These are
due to a large number of people engaging in activities that involve using their
cars or public transportation. These motorists are often going to restaurants,
administrative, and commercial land use locations in the urban zone, and indus-
trial and cemetery sites in the suburban zone where vehicles are crowded and the
area is more dynamic because of its population. The academic areas, which refer
to areas with more schools, institutes, universities, and education facilities may
have extra volumes of traffic and congestion levels. Thus, the different land use
categories and different functions of areas with different RHs in zones contri-
butes to the different spatial pattern of UTAs within the city. On Thursdays, the
schools and administrative offices are on a half-day schedule, and many people
work only half-time. This leaves more time for amusement, shopping, and any
other activities. This causes a different RH on Thursdays as the day just prior to
the weekend. It takes some traffic load from the evening RH, and thus makes the
morning RH the most intense time of the day. Moreover, the spatial analysis and
spatiotemporal analysis of relative UTA risks point to the risky segments of the

transportation network for different zones of the city and different land uses, as
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well as seasons, months, days, and times.

This study examined how land use generates crisis-crossing trips using vari-
ous modes of transport to convey people; it provides an explanation of how the
relationship with land traffic flows creates road UTAs in Tehran. It was dis-
covered that the locational pattern of the various land uses in the urban area is
a reflection of socio-economic and ecological factors. It was also found that the
residential areas are trip or traffic-generating areas, while attraction areas are
the activity itself for workplaces. The movement of vehicles carrying people
and goods between these regions results in the crisis-crossing of traffic flows,
which inadvertently generate road UTAs, along with the other identified
UTAs. This study revealed that the rate of the rate of UTAs occurring because
of road traffic varies on the designated roads, but is moderate in the urban
zone.

The findings of this study can be a useful key to better decisions-making re-
garding traffic safety and policies to reduce the rate and number of UTAs. The
results of this study can be used by the police or other departments that are in-
volved in traffic safety and transportation.

The negligence of drivers is the main feature of the UTAs in Tehran. Refusing
priority to pedestrians and other vehicles, lack of sufficient distance or driving
too close, lack of attention to prospective dangers and high speed are the predo-
minant problems. One of the most significant cultural problems in Tehran City
UTAs is the movement of pedestrians on the roads; by not paying any attention
to signage, pedestrians also contribute to the incidence of UTAs, and this is
magnified at road crossings. In Tehran, many UTAs occur on roads with no
walkways for pedestrians, and when traveling on both sides of the road without
using the sidewalks. Some other significant cultural problems are: insufficient
attention paid to signage (both drivers and pedestrian), breaking the rules easily,
having a high sense of revenge, legal factors, dealing with offenders, rule viola-
tion, lack of complete and deterrent rules enforcement, a lack of penalties that
inhibit poor practices. Human factors such as the driver’s panache, pride, inter-
nal stimuli like anger, stress, and excitement, and uninformed drivers can also
play a role. Adequate maintenance of cars and vehicles during their working life
is another important factor in safe driving. UTAs are frequently caused by old
vehicles with mechanical defects as well as new cars with poor maintenance. Yet
in Tehran, the majority of cars are new cars; old cars account for the lowest
number of vehicles but the quality of new vehicles is a critical factor for which
the car production companies are responsible. Unfortunately, neither the gov-
ernment nor the author could obtain any reply from them. The variation of
UTAs by season, month and day by zone and the pattern of population move-
ments by accident severity, time of the day and location during the day shown in
Figure 10 and Figure 11.

5. Conclusions

The main aim of this study was an empirical study to analyze UTAs in Tehran
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City spatially and temporally in order to reveal patterns and significant asso-
ciated factors of UTAs in the study area and to compare city zones through the
US to identify the relationship between the US and UTAs over time. As varia-
tion in the distribution of UTAs occurs within a 24-hour period through the
US, there is a disparity in UTA frequencies among the different factors, of
which land use, population, road types and time were the most associated fac-
tors in this study. There is a significant variation in the occurrence of UTAs
through the US which is 3 zones (CBD, urban zone and suburban zone), as
well as time.

This study has demonstrated the capability of GIS in identifying UTA loca-
tions in Tehran City; it was carried out to describe the characteristics of UTAs,
their location, their leading causes, their socio-economic impacts in terms of
time and space, and to propose appropriate interventions that could help to re-
duce UTAs. This study can be used to compare different types of UTAs in rela-

tion to different times, different urban zones, road variations, land uses, and
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Figure 10. Variation of UTAs by season, month and day by zone.
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population. Specifically, the work presented the probability of a UTA at different
locations in the US. The analysis found that suburban zones and the urban zones
with more highways have the highest possibility of fatal and injurious accidents
while CBD recognized as the safest zone based on the number and severity of
UTAs.

My findings show that UT As causes are different in different zones; the cause of
UTAs can usually be traced to a combination of circumstances in a chain of
events that are best described by interpreting the relationships among 1) urban
dynamics 2) the transportation network user, 3) the road type, 4) the road en-
vironment, and 5) culture. Through the city, based on the US, several areas are
considered high-risk areas but CBD is excluded. The majority of fatal and in-

jured UTAs have occurred on highways which are located at the suburban
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zone and main entrance which means the areas in south, east and northwest of
Tehran. Hence, highways are the most dangerous road type and suburban zone
is the most dangerous zone in Tehran city. The results also show that areas
with more highways and freeways that are less urbanized and have a lower
population density will tend to have more dangerous UTAs and FAs; in con-
trast, more urbanized and built-up areas have more UTAs but ones with less
severity. This situation is caused by a key factor, namely, speed. In more urba-
nized areas with greater density of population and buildings, higher traffic vo-
lumes and greater police control, such as the CBD, drivers have to reduce
speed and drive more carefully regardless of land use category, sometimes, the
traffic volume is intense and accidents increase accordingly, but their severity
is low. The results indicate that the rate of accidents increased as congestion
decreased and speed increased. Safer interaction between US and UTAs is en-
couraged by lower speed. Based on the methodology of this study, time or
hour of day is the most dependent on UTAs type, rate and severity. Types of
road variations in different zones clearly show that in contrast to many cities
in the world, Tehran’s highways and expressways are not the safest for driving.
This study found that areas with more urban mobility and population densi-
ty—the CBD and urban zone—have relatively higher but less severe UTA rates
[15].

Various variables like month, day type, time, space, and the structure of the
surrounding such as weather and brightness conditions have various impacts on
UTA rates and severity; that is why the frequency and occurrence of UTA in
Tehran City exhibit different patterns. UT As are randomly distributed in the city
in terms of time and space. The various reasons causing numerous UTAs are
lack of priorities among drivers, lack of attention to the prospective danger, high
speeds, and pedestrian mistakes.

UTA points with valuable attribute features can act as analytical tools. Using
GIS with these data can prove a particular spatial pattern and can also show how
the spatial patterns of UTAs may have a spatial dimension (Ze., a relationship
between time and the reasons for the UTA results in terms of fatalities, injuries,
and losses). This study can be used to compare different types of UTAs accord-
ing to different time and road variations. More specifically, this work presented
the probability of a UTA at various locations in the road network. From the
analysis, it was found that highway and freeway, residential, and secondary road
types are those with the highest possibility of a UTA. The primary causes and
contributing factors of UTAs in Tehran have been treated by using the UTAs
data from the Tehran Police and the original data obtained from questionnaires
and field work. Tehran, as the capital of Iran and one of the most important ci-
ties not only in Iran but also in the Middle East, and the center of many national
and international organizations, has experienced a rapid growth in its urban
population.

The increase in the expansion of the city boundaries, and the limitations and
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lack of sufficient public transport (even though there is a high incidence of ur-
ban transportation and high use of cars for daily urban trips), inadequate side-
walks, and problematic driving culture, plus a large number of UTAs, makes the
Tehran UTA problem severe. There is a high concentration of government ad-
ministrative facilities and institutions, commercial, educational, and business ac-
tivities mixed with residential areas and residential land use in Tehran, espe-
cially in the center. Tehran City is also characterized by the most advanced
traffic control systems and regulation in Iran, but the lack of penalties to re-
duce the high rates of violation and the absence of a sufficient driving culture
as well as the lack of current road transport regulation has resulted in a signif-
icant number of UTAs. This study considered the primary causes and contri-
buting factors in Tehran UTAs. In this study, road types and some facilities are
treated separately. Time is also considered as a crucial factor and this study
contributes to a detailed understanding of the spatial and temporal characte-
ristics of UT'As in Tehran City. The land use category was found to have an im-
pact on socio-economic patterns and thus the type and severity of UTAs. The
results showed that all Tehran zones have a trip or traffic-generating role, but
this role change over time. Every zone and special land use category has an ur-
ban trip production role but this role changes across zone according to time. My
findings suggest that more urbanized area with higher population density with
fewer numbers of highways, freeways, and traffic limitation zones will tend to
have fewer dangerous accidents Ze., FAs, particularly less urbanized area with
more highways and freeways have more UTAs. It caused by first lower speed
which cause by congestion and high traffic volume. The next issue caused by
more urban and socio-economic activities. Considering the accident data in
this study, travel time may be more dependent on congestion, road qualities,
and geometric elements than posting speed limits on signs. Road type varia-
tions clearly show that in contrast to many cities in the world, Tehran’s high-
ways and expressways are not the safest for driving. Area with high so-
cio-economic and urban activities are tend to have more UTAs rate but with
lower severity [15] road length also have effect on UTAs rate and severity.
UTAs in wider roads have more serious injuries, especially for highways. Time
series data would also allow further analysis of changes over time and can
avoided the problems.

In addition, according to the number of accidents in Tehran and percentages
of driving violations, it is really important to make more preventive laws and
rules. It seems that current laws are not effective enough. To ensure more effec-
tive control, the police should contribute to providing new laws and regula-
tions. In addition, the penalties are not sufficiently high and most people can
pay fines easily. This means that offenders can easily “buy” a violation of the
law. On the other hand, the existing traffic regulations for controlling and pu-
nishing offenders are weak and should be revised as soon as possible. Drivers’

mistakes are not always the reason for accidents. In many cases, pedestrian
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create impossible circumstances. Many pedestrian lose their lives because of lack

of sidewalks or crossing the road where there are no signs. Pedestrians’ educa-

tion and awareness should be improved as soon as possible. Knowledge and

awareness can save pedestrian lives and car losses effectively. This education

should be provided and encouraged through the television, newspapers, radio,

and posters.
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