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ABSTRACT Objective: One of the leading social problems all over the world
is deaths and injuries caused by traffic accidents. Identification of accident hots-
pots and sources by Geographical Information System has been popular tool to
provide road/travel safety. In this study, it was aimed to analyze the trends and
characteristics of traffic accidents by presenting a system with geographically re-
ferenced data on a district basis, taking into account various variables such as ac-
cident type, accident result, time period (day/night) and intervals of the accident,
and in which days or months the accident occurred. Material and Methods: All
the statistical results of accidents were obtained by expert reports issued in 2017
by Istanbul Council of Forensic Medicine, Traffic Specialization Department.
Although the accidents, that are the subject of this study, occurred between 2005
and 2017, they were sent to the Forensic Medicine Council and reported in 2017
due to the length of legal processes and the inconsistency of forensic expert re-
ports. Results: In this way, 1,568 accidents occurred in Istanbul, which were sub-
mitted to the judicial authorities as a result of the disputes arising after a traffic
accident, were determined and examined. Since accident reports are prepared in
textual format, this situation makes difficult to analyze data. This study includes
data on traffic accidents within the provincial borders of Istanbul to investigate
trends and characteristics. According to the obtained data, it was possible to de-
termine the accidents which have occurred on the European Side were doubled the
ones on the Anatolia Side. Kiigiikgekmece district was the highest number of ac-
cident in both fatal and injured. June (148 accidents-9.4%) and September (144-
9.1%) were the months with the highest number of accidents occurred on a
monthly basis. The majority of traffic accidents have occurred at the 16.00-19.59
interval hours. Conclusion: The identification of potential accident hotspots is ef-
fective and practical for management decision-making, reducing traffic accidents
and improving safety operation management.
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OZET Amag: Trafik kazalarindan kaynaklanan 6liim ve yaralanmalar, tiim
diinyada 6nde gelen sosyal sorunlardan biridir. Cografik Bilgi Sistemi ile kara
yolunda kaza noktalarinin ve kaynaklarmin belirlenmesi, yol/seyahat giivenligini
saglamak igin popiiler bir ara¢ olmustur. Bu calismada, ilge bazinda cografi
referansli veriler igeren bir sistem sunarak kaza tipi, kaza sonucu, kazanin
gerceklestigi zaman dilimi (giindiiz/gece) ve saat araliklari, kazanin hangi giin
veya aylarda meydana geldigi gibi ¢esitli degigkenler dikkate alarak trafik
kazalarinin egilimlerinin ve 6zelliklerinin analiz edilmesi amaglanmustir. Gereg
ve Yontemler: Kazalarin tiim istatistiksel sonuglari, istanbul Adli Tip Kurumu
Trafik Ihtisas Daire Bagkanligi tarafindan 2017 yilinda diizenlenen bilirkisi
raporlart ile elde edilmistir. Bu ¢alismaya konu olan kazalar, 2005-2017 yillart
arasinda meydana gelmesine ragmen yasal siireglerin uzunlugu, adli bilirkisi
raporlarinin uyusmazIligi nedeniyle adli tip kurumuna gonderilip 2017 yilinda
raporlanmigtir. Bulgular: Kara yolunda ¢ikan anlasmazliklar sonucu mahkem-
eye intikal eden raporlar arasinda istanbul ili sinirlart iginde 1.568 kaza meydana
geldigi belirlenmistir. Kaza raporlarinin metin formatinda hazirlanmast, verilerin
analizini zorlastirmaktadir. Bu ¢alisma egilimleri ve 6zellikleri aragtirmak igin
Istanbul il simirlar1 igindeki trafik kazalarina iliskin verileri igermektedir. Elde
edilen verilere gore, Avrupa Yakasinda meydana gelen kazalarin Anadolu
Yakasindakileri 2’ye katladigi, Kiigiikgekmece ilgesinin hem oliimlii hem de
yaralamali kazalarin en fazla goriildiigii ilge oldugu, Haziran (148 kaza-%9,4) ve
Eyliil (144-%9,1) aylarinda en fazla kazanin meydana geldigi ve kazalariin
16.00-19.59 arasinda meydana geldigi
belirlenmistir. Sonug¢: Olasi kaza noktalarinin belirlenmesi, sehir yonetiminin

biiyiik  ¢ogunlugunun saatleri

karar almasinda, trafik kazalarinin azaltilmasinda ve giivenlik y6netiminin
iyilestirilmesinde etkili ve pratik bir yontemdir.

Anahtar Kelimeler: Trafik kazas1; istanbul; kaza trendleri; trafik modeli

Thousands of people die or injured in traffic ac-
cidents every day around the world. On the other
hand, millions of survivors go through the hospital

processes that require heavy treatments, such as
organ loss or failure, or have to take under care for
many years.' The increase in national income makes

Correspondence: Zeynep TURKMEN
Department of Science, istanbul University-Cerrahpasa Institute of Forensic Sciences and Legal Medicine, istanbul, Tiirkiye
E-mail: zeynep.turkmen@iuc.edu.tr

Peer review under responsibility of Turkiye Klinikleri Journal of Forensic Medicine and Forensic Sciences.

Received: 07 Apr 2022

Accepted: 13 Sep 2022

Available online: 16 Sep 2022

2619-9459 / Copyright © 2022 by Tiirkiye Klinikleri. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

173


https://orcid.org/0000-0002-8250-7520
https://orcid.org/0000-0002-2691-1908
https://orcid.org/0000-0001-7415-1862
https://orcid.org/0000-0003-1691-6171
https://orcid.org/0000-0001-6845-3717
https://creativecommons.org/licenses/by-nc-nd/4.0/

Zeynep TURKMEN et al.

Turkiye Klinikleri J Foren Sci Leg Med. 2022;19(3):173-84

people and goods to move more in both developed
and developing countries, thus it leads to investing
more in both vehicles and transport infrastructure.

Traffic congestion occurs as a result of existing
vehicles and pedestrians where the demand for space
on the road is higher than the current capacity of the
road. The narrowing of the road at a certain point or
distance, the increase in the number of vehicles,
weather conditions, and traffic accidents can be given
as examples that cause an increase in traffic density.>

It is reported that the increase in the tendency to
use private vehicles in urban transportation is the
most important cause of traffic congestion. There are
many reasons for the increase in this tendency, such
as pandemic, the inadequacies in the public trans-
portation system, the comfort and convenience pro-
vided by the private vehicle.® As of 2015, the city of
Istanbul ranked first in the world with a traffic density
of 58%, especially due to inadequate transportation
infrastructure.* In terms of population, the city ranks
first in Europe and fifth in the world, according to the
ranking made by considering municipal boundaries.
Due to its economic and socio-cultural importance,
this city constantly receives immigrant and its popu-
lation also increases day-to-day.’

As of the end of July 2021 in Tiirkiye, the num-
ber of registered vehicles was on average 25 millions
and it has reached on average 5 million in Istanbul.
This number corresponds to the total population of
22 under populated provinces on Tiirkiye and also
represents one-fifth of all motor vehicles in
Tiirkiye.%’

There are the 2 main indicators used to compare
level of traffic safety of the countries: traffic deaths
per person and per vehicle. Since the number of ve-
hicles is in related to both levels of development and
frequency of exposure to traffic, the traffic deaths per
vehicle of countries are considered as an important
indicator that reflects the real risk of accident and
death. Accordingly, there were 58 traffic deaths per
100,000 vehicles in Tiirkiye in 2010, and an average
of 11 traffic deaths among 28 European Union mem-
ber states. In this sense, Tiirkiye ranks 69 in 175
World Health Organization countries. In addition,
when it is compared with 28 European Union mem-
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ber countries, it is seen that Tiirkiye has the highest
number of traffic deaths per vehicle.®

Road traffic and driving safety aims to reduce
all kinds of damage (death, injury and property dam-
age) caused by the interaction of road vehicles trav-
eling on public roads. Although there are many
factors that affect driving safety, the most important
ones are environmental conditions, road geometry
and infrastructure, vehicle, and people.’

Since accident reports are prepared in textual
format, this situation makes it difficult to analyze ac-
cident results.!® Geographical Information System
(GIS) technology has been a popular tool to create,
manage, and analyze the hotspots of the accidents in
highways through patterns, relationships, and geo-
graphic context.!" Accident analyses provide infor-
mation about the reasons of the accidents and suggest
corrective measures at potential locations. At this
point, traffic officials are needed for implementing
precautionary measures and provisions for traffic
safety.

From this point of view, in this study, it was
aimed to obtain a GIS-supported evaluation of the
statistical data of fatal and injured traffic accidents
which occurred in Istanbul province in 2017 and were
issued by the report of Istanbul Traffic Specialization
Department of the Council of Forensic Medicine.

I MATERIAL AND METHODS

STUDY FIELD

According to the 2017 data of the Turkish Statistical
Institute, the population of Istanbul was approxi-
mately 15 million people.'> Moreover, Istanbul
province has an area of approximately 5,461 square
kilometers, bounded by the coordinates 41.09 norths
and 29.42 easts. It is the most populated city in
Tiirkiye with a total of 39 districts, which are four-
teen on the Anatolian Side and 25 on the European
Side.

DATA COLLECTION

In this study, the data were examined and reviewed
based on the issued reports about the traffic accidents
that occurred within the provincial borders of Istan-
bul in 2017 with the approval of the Forensic
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Medicine Council dated March 5, 2019 and num-
bered 21589509/2019/119. Although the accidents
that are the subject of this study occurred between
2005 and 2017, they were sent to the Forensic
Medicine Council and reported in 2017 due to the
length of legal processes and the inconsistency of
forensic expert reports. The study was performed in
accordance with the principles stated in the Declara-
tion of Helsinki.

GIS ANALYSIS

Data sets were created by using Microsoft Office
Excel program, taking into account particularly the
spatial data, daylight conditions, time intervals, acci-
dent type and the characteristics of the accidents that
issued in the reports. Thus, the created data sets were
saved in Excel as a separate file with different varia-
tions depending on the criteria, and these criteria were
stored to be evaluated as GIS supported.

Arc View GIS Version 10.6.1 program (Esri;
Redlands, California) was used to evaluate the GIS
data. The distribution of the accident cases were ob-
tained on the Istanbul province map, whose report
was issued by the relevant specialization office in Is-
tanbul in 2017.

The evaluation of accident cases distributions
was conducted according to day time intervals by di-
viding the day into 6 hour intervals (04.00-07.59;
08.00-11.59; 12.00-15.59, 16.00-19.59; 20.00-23.59,
and 00.00-03.59). The situations such as starting time
of working/school; rush hours; entertainment hours
were taken into account. If there is no correlation be-
tween the 2 variables, aforementioned data set in the
excel column is excluded.

I RESULTS AND DISCUSSION

Based on the available data, traffic accidents were an-
alyzed considering several variables including acci-
dent type, accident results, and time intervals
(day/nighttime, time periods, day or month of the ac-
cident) on a district basis.

Traffic accident reports were issued with 11,162
files that were submitted to the court as a result of
disagreement among the Tiirkiye in 2017, by the
Council of Forensic Medicine, Traffic Specialization
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Department, and it was found that 1,568 accidents oc-
curred within the provincial borders of Istanbul from
these reports.

It is seen that 494 (32.39%) of the accidents
occurred on the Anatolian Side and 1,031 (67.61%)
occurred on the European Side. The accidents
which have occurred on the European Side were
found 2 times higher than in Anatolia Side as de-
picted Figure 1.

When the population of both sides has evaluated
from Turkish Statistical Institute (TUIK) data in
2017, it was obviously seen that the population in Eu-
ropean Side has doubled than in Anatolian Side.!? It
can be considered that this situation is influenced by
the fact that the administrative buildings of official
institutions are located more often on the European
Side, and the residential area is more common be-
sides population rates.’

According to the obtained data, it was possible
to determine districts of 1,324 accident cases. The
hotspots of accidents in 1,251 districts have demon-
strated on Istanbul map (Figure 2). The districts with
the highest number of accidents were found as
Kii¢iikgekmece with 89 accidents, Kadikoy and Es-
enyurt with 58 accidents. Kiiciikcekmece district
seems to have doubled its closest followers. Catalca
and Sile districts were found as the fewest number of
accidents.”®

The number of accidents in Kiiglikgekmece was
determined as 6.72% compared to the overall Istan-
bul. It is shown that the population ratio of this dis-
trict was 5.12% in TUIK 2017, so it was the second
district with the highest population.'> D-100 State
Highway and the E-80 Highway passes from the south
and north of Kiigiikcekmece district respectively and
could contribute to the increase of accidents.

The traffic load to be created by large housing pro-
jects, shopping malls and hospitals concentrated around
these roads cause traffic density because the traffic load
was not taken into account while they built.?

On the other hand, it is known that the popula-
tion increase in parallel with the developing welfare
level increases the demand for housing. It is not sur-
prising that dense housing brings along the trans-
portation problem. Although public transportation
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= Number of accidents

FIGURE 1: Display of accident numbers on the chart and map according to the region where the accident occurred

oS¥ELE82888

.|,|.|.|,|.I.|.|<I.|I|.|_.v|||I|.|_._|,I.||.I.|,I,I.|.|.I...|,|_|I.I
R

“Number of accidents

FIGURE 2: Graphic and map view of accident numbers by district.
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projects such as metro, tram or metrobus partially
solve the traffic problem, they cannot be effective in
solving the problem completely.

It was determined that the highest number of ac-
cidents occurred in June (148 accidents-9.4%) and
September (144 accidents-9.1%), the least number of
accidents occurred in January (110 accidents-7.0%)
and February (107 accidents-6.8%) according to
monthly distribution of all cases.

This situation represents the beginning and end
of summer, and for many people, it can be consid-
ered as a rush to go on a vacation and come back. It
is also thought that the coinciding of Ramadan Feast
and Eid al-Adha with these months in 2017 could
also played a role. There was no difference between
the days, either on weekdays or weekends according
to the distribution of the accident day.

There are 2 distinguish studies related to day of
the accidents. The first one, in Jordan, shows the ma-
jority of traffic accidents have occurred on thursdays,
followed by sundays which represent the last and first
working days respectively in Jordan. Another study
in USA where most of fatal accidents occur in satur-
days followed by fridays which represents the end of
the week in US were many outdoor activates took
place at these days."

As a result of the hour intervals evaluation, it
was found that the highest number of accidents oc-
curred in the time zone of 16.00-19.59 with 415 ac-
cidents, and the least accident occurred in the time
zone of 04.00-07.59 with 103 accidents. The distri-
bution of the obtained statistical information by dis-
tricts in terms of hour intervals is also shown in
Figure 3 with a map."
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FIGURE 3: The view of the accident numbers on the graphic map according to the time zones in which the accident occurred.
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It can be considered that the 16.00-19.59 hour
interval covers the rush hours, whereas the 12.00-
15.59 hour interval demonstrates intense transporta-
tion activities.

The related articles indicate that the largest num-
bers of traffic accidents have occurred during the time
period 12.00-14.59 followed by the time period
15.00-17.59. This may be referred to the working end
hours for schools and most of the public and private
agencies. This is also compatible with data from other
countries like USA where most of the fatal accidents
occurred during the time period from 04.00 to 08.00
PM (end of the work day).!*-1

Regarding the day and night differences, it was
determined that 962 accidents (61.70%) occurred
during the day, 547 (35.08%) at night, and 50
(3.21%) accidents occurred during sunset or sunrise,
which is defined as twilight (Figure 4).

It has concluded that crash risk is higher for
nighttime compared with others by related arti-
cles.!®!7 Especially time of day has also appeared to
be associated with crash severity, as drivers are more
likely to sustain a fatal injury due to nighttime crashes
compared to daytime crashes, particularly among the
younger age groups.'®!”

According to the accident type, 672 (42.85%)
cases were found as vehicle-vehicle accidents which
were occurred in the form of collisions of two or
more vehicles. The number of vehicle-pedestrian ac-
cidents occurring in the form of a vehicle hitting
pedestrian(s) is 763 (48.66%) cases, and the number
of vehicle-vehicle-pedestrian accidents occurring ve-
hicles colliding with one or more pedestrians is 48
(3.06%) (Figure 5).

In addition, 27 (1.72%) cases have been deter-
mined as vehicle-passenger accidents that occur in
the form of a passenger falling inside or outside the
vehicle during driving.

It was found that the number of single vehicle
accidents occurring in the form of hitting an object,
going off the road, or overturning was 58 (3.70%). It
has been observed that the location information
(hotspot) of 317 accident cases were not suitable for
detecting on the map.

Another study from USA has taken into account
5 situations such as side impact collisions, crashing
during merging, rear-end accidents, head-on crashes,
multi-vehicle collisions for types of road accidents.?
It was concluded that type of side-impact collision
called T-bone crash were common. In this type, one
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FIGURE 4: The view of the accident numbers on the chart and map according to daylight factor.
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FIGURE 5: Graphical and map view of accident numbers by accident type.

vehicle perpendicularly impacts the side of another
vehicle. These collisions are generally caused by
drivers attempting to merge, because they fail to
check their blind spots as they are changing lanes.

The rear-end collisions are the most frequent
type of collision that occurs on U.S. roads, making
up %29 of all accidents. These crashes often occur
because one car follows another too closely, known
as tailgating.”!

Single vehicle crashes; these types of crashes in-
clude running off the road, slipping on ice and spin-
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ning out of control, hitting stationary objects, and
many other situations.

Besides, low speed impact crashes may not be
the worst, but they can still do damage. These fender-
benders, bumps, parking lot collisions, and other
crashes under the speed of 10 miles per hour can
often happen in parking lots and residential areas,
risking pedestrian lives.”

According to evaluation of the accident results,
it was determined that 438 of the (30.43%) cases
were fatal, 923 of them were injuries (64.15%) and
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FIGURE 6: Graphical and map view of accident numbers according to accident results.

5.42% of them were death and injury occurred to-
gether (Figure 6).

In the evaluation of fatal accidents distribution
by districts, Kiiclikcekmece ranks first with 21 acci-
dents, followed by Kadikdy with 20 accidents, Es-
enyurt, Avcilar and Atasehir districts with 14
accidents, respectively, and Catalca and in Sile dis-
trict with 3 accidents have the least number of acci-
dents cases (Figure 7).

It is seen that Kii¢iikcekmece ranks first with 58
injured accidents in the determined locations, fol-
lowed by Esenyurt with 3 accidents, Kadikdy and
Avcilar with 35 accidents. The least injuries occurred
in Catalca and Sile with 3 accidents each, followed
by Silivri with 4 accidents and Cekmekoy with 5 ac-
cidents (Figure 8).
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There are similar studies in this field with GIS in
our country. In a recent and very similar study, 3,105
fatal or injured traffic accidents between 2010-2017
in Sariyer district of Istanbul, Tiirkiye’s largest city in
terms of population, were discussed.”

Another study, which was conducted the most
intense tourism city, Antalya, data on traffic acci-
dents that resulted in death and injury in the city
center between 2009 and 2010 were examined and
analysis data were processed using World View
satellite image and ArcGIS10 software (Esri; Red-
lands, California). According to these data, hotspots
were detected at 41 junction points in 2009 and 57
in 2010.%

In another study, it is concluded that a signifi-
cant number of hotspots were determined mostly at



Zeynep TURKMEN et al. Turkiye Klinikleri J Foren Sci Leg Med. 2022;19(3):173-84
25
20
15
il | L]
s
sl TR AT R AT
JEL I FI R T FE A I TRO R4
g fpageaTgeggce gg ¥ 33787 33 £3¢
3 3 : $ £
e =

@ Number of accidents

FIGURE 7: Graphic and map view of the distribution of fatal accidents by districts.

the intersection or 100 m away from the intersec-
tions in the settlement of Ankara (in the urban
area), and these areas were marked risky for pedes-
trians.?

In a similar study, Afyon province, which is at a
cross roads of both Antalya and Izmir ports and has
a critical temperature drop in winter, was analyzed
by GIS. It has been found that fatal accidents occur
frequently in the summer months data recovering a
10-year period between 1996 and 2006.'°

According to the accident statistics covering the
years 2008-2017, organized by the General Direc-
torate of Highways together with TUIK and General
Directorate of Security, it is seen that there has been
a 25% increase in the total number of accidents
within 10 years, while the number of fatal and injury
accidents has increased by 75%.%
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Finally, although the data obtained in this study
are limited due to the fact that the accidents spread
over a wide period of time are based on their reports
produced in 2017; the results are considered to be sig-
nificant because it is a provincial-wide study con-
ducted in a city like Istanbul, which is very crowded
and has a high accident rate. Considering the limita-
tions of the study, some solutions were proposed ac-
cording to the results obtained by evaluating the hot
spots and changing factors in order to reduce the
number of traffic accidents in Istanbul. It is antici-
pated that this preliminary study will lead to many
other studies in this field of legal medicine and traf-
fic safety.

I CONCLUSION

Based on the investigated traffic accidents data over
one-year period of Istanbul, which is the most popu-
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lated city in Europe, the following conclusions can
be drawn:

1. It has been observed that traffic accidents on
the European Side are twice as high as on the Anato-
lian Side.

2. Kiigiikgekmece district was the highest num-
ber of accident in both fatal and injured.

3. The majority of traffic accidents have oc-
curred at the 16.00-19.59 interval hours, which is
compatible with other international studies.

4. The negative effects of religious holidays,
which last long, on traffic were once again revealed
in this study.

5. As a result of the data analyzes on a monthly
basis, it has been concluded that traffic controls
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should be increased for the beginning and end of
summer season (June and September) in the city.

6. The majority of traffic accidents have oc-
curred in daylight, so this data is not compatible with
other related studies which were concluded that crash
risk is higher for nighttime.

7. It has been concluded that Kadikoy district,
since especially the Moda region has grid road type
(t-bone strike), has the second highest number of fatal
accidents in traffic accidents.

8. Kiigiikgekmece and Esenyurt districts, which
adjacent to both sides of the lake, were ranks on the
top with injured accident cases. It is concluded that
this situation is related with demand for space on the
road is higher than the current capacity.
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9. While approving new mass housing projects,
it should be taken into account that the traffic prob-
lem in the region will increase in case of private ve-
hicle use.

Further research on this topic is necessary to
have a strong conclusion of the above findings. This
study results have to be updated by recent traffic ac-
cidents data, so more accurate accidents prediction
models may be well developed. This study is a pilot
study for the adoption of more effective strategies,
policies and measures to improve general traffic
safety within the framework of forensic sciences, and
also provides a different research infrastructure in
which the capability of the GIS tool can be evaluated.
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