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Abstract- Every year, hundreds of thousands of people die in traffic accidents and millions are injured worldwide. In Turkey, 
more than 5 thousand people die in traffic accidents and 200 thousandpeople get serious injured every year. When indirect 
losses in the society (disabilities occurring as a result of accidents, social and psychological pain caused by deaths or injuries) 
are also added to the great economic losses, which are caused by these accidents, it is obvious that no countries can be 
indifferent to traffic accidents.Traditionally, the numbers of casualties and accidents are explained with the proportional 
terms such as the number of casualties per kilometer traveled, per the number of registered vehicles or per population. 
However, these proportions cannot help us so much to examine the degree or level of the road traffic safety. Especially over 
the recent years, several indicators have started to be determined for examining the factors that influence the accidents and 
making comparison easily. Indicators, which provide a more detailed view, may carry the advantage of determining the 
problem before the results of the accidents.Together with this study, the factors which influence the transportation safety of 
81 cities in Turkey were firstly analyzed for 2010 through the Data Envelopment Analysis (DEA). After the determination of 
the efficiency of the cities with this analysis, they were put in order with the Super-efficiency (Andersen and Petersen-AP) 
method. Secondly, variables were analyzed with the Analytical Hierarchical Process (AHP) and cities were put in order. 
Then, the city orders were compared to the orders defined by the traditional method. An attempt was made to reveal the 
similarities and differences of the cities according to the analysis methods. 
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I. INTRODUCTION 
 
It is predicted that 500 thousand people die and 15 
million people get injured in traffic accidents 
worldwide every year [1]-[2]. It is known that annual 
cost of the traffic accidents exceeds 130 billion in the 
European Union and this amount is more than 1% of 
the Union’s Gross Incomes[3]. In Turkey, more than 
5 thousand people die and 200thousandpeople get 
injured in traffic accident every year. In other words, 
approximately 10 people die and more than 500 
people are injured on the road everyday [4].When 
indirect losses in the society (disabilities occurring as 
a result of accidents, social and psychological pain 
caused by deaths or injuries) are also added to the 
great economic losses, which are caused by these 
accidents, it is obvious that no countries can be 
indifferent to traffic accidents.Traffic safety can be 
described as a dimension of the numbers of casualties 
and accidents generally caused by the accidents that 
occur within a certain time frame, mostly at times like 
weekend or holidays, when the traffic peaks, or a 
time frame such as a month/year. Traditionally, the 
numbers of casualties and accidents are explained 
with the proportional terms such as the number of 
casualties per kilometer traveled, per the number of 
registered vehicles or per population. These 
proportions are used to observe the trend within time. 
An increase in this trend generally points at a 
decrease in the safety, otherwise, at a development in 
the safety. However, these proportions cannot help us 
so much to examine the degree or level of the road 

traffic safety [5].Moreover, accident statistics, which 
are frequently applied, have some disadvantages such 
as random fluctuation, reliable recording and 
uniformity restriction in definitions. In addition to 
injury or accident data, many indicators were defined 
to compare the safety level and to measure the 
causality related to injuries or accidents or understand 
the processes causing accidents. Indicators that 
provide a more detailed view may carry the 
advantage of determining the problem before the 
results of the accidents [6]. Attempts were made to 
determine various road safety indicators and road 
safety levels with different analyses, which are 
applied to these indicators, in order to examine the 
degree or level of the road traffic safety over time. 
Not only the number of accidents was adhered to 
thanks to these studies, but also an alternative 
measuring and recommendation field was developed 
for safety [5].According to the recent studies and 
assessments, accidents don’t have only one cause and 
it is quite difficult to select a cause factor which is 
more important than the others. But many studies and 
theories presented that a combination of 5 main 
dimensions (human, vehicle, environment, road, 
system) led to accidents. These dimensions are not 
completely independent from each other and there are 
many factors that influence each dimension 
[7].Therefore, road safety is a complicated matter 
affected by countless risk factors. The best way of 
understanding what causes an accident is the 
examination of the factors that lead to it [7]-[8]-[9]-
[10].The factors that show influence as per the risk 
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areas of the cities were analyzed with this study using 
‘Data Envelopment Analysis (DEA)’ and ‘Analytical 
Hierarchical Process (AHP)’. 81 cities of Turkey 
obtained scores according to their risk values and put 
in order in respect of these scores. Then, city orders 
were compared to their risk orders with the traditional 
method and an attempt was made to put forth the 
similarities and differences. 
 
This study may pioneer the development of more 
efficient and sustainable policy and infrastructure 
projects for local and national politicians. In line with 
this goal and grounding on the selected variables, our 
primary objective is to determine the safety levels of 
the cities with two analyses (DEA and AHP) that are 
alternative to traditional methods and present the 
similarities and differences of the cities as per each 
method by putting the cities in order accordingly. 
 
II. DATA ENVELOPMENT ANALYSIS (DEA) 
 
Data envelopment analysis, which was developed by 
A.Charnes, W.W.Cooper and E. Rhodes, was used in 
many cases from the efficiency measurement of the 
police department in England to that of the banks in 
Cyprus and Canada and universities in America, 
England and France [11]. 
DEA is an efficiency measurement technique without 
parameters developed for measuring the relative 
efficiency of the economic decision units which 
resemble each other in terms of the products or 
services they produce [12]. 
 
Weights are internally obtained from the dataset to 
get the best possible score for a country/region/city in 
the DEA. Meaning of these weights explains what 
factors the performance of a country/region/city 
relatively depends on. This method results in weights 
as to the most appropriate country/region/city [13]. 
The possible score is determined for that 
country/region/city with a range of the weights 
obtained. Hermans et al.[14] 
 
specified their study purpose as the determination of a 
direction for people making policy about the actions 
needed for road safety level on the basis of the DEA. 
Good and bad aspects of road safety were defined for 
every country in the model based on outputs. 
They constructed a model with the DEA including 
road safety scores for every country taking the related 
road safety information for many countries into 
account. Shen et al.[15] 
analyzed a dataset that consisted of 21 indicators for 
26 European countries. They compared these 21 
indicators and country performances with the DEA, 
which is a performance measurement technique. They 
presented a certain country’s comparison of its 
relative performance with all the other countries on 
the basis of its self-appreciation as one of the most 
desirable aspects of the DEA.  

III. ANALYTICAL HIERARCHICAL PROCESS 
(AHP) 
 
Analytical hierarchical operation or process (AHP 
theory) is a method developed by Saaty in his field at 
the beginning of 1970s. Then, as understood, his 
whole objective was to convert the extensive, selected 
best number of alternatives into a hierarchy that was 
comprised of various criteria contributing to the goal. 
Both quantitative and qualitative criteria can be 
considered [16]. Decision problems are handled 
within a hierarchical structure and based on the logic 
of paired comparison. AHP finds the weights of all 
the criteria defined, options are evaluated again 
through paired comparison in terms of these criteria 
and then gain a weight. Paired comparison is the 
evaluation of which characteristic out of two is more 
important, how important it is, which one is preferred 
or dominant [17]. AHP is a comprehensible and 
popular technique that can be used for very 
complicated decisions including many levels of the 
criteria and subcriteria. It was used and stated as a 
useful means by the researchers for the assessment of 
indicator weights in internal environment index 
[18]and Index of Environmental Friendliness [19]. 
 
IV. MATERIAL AND METHOD 
 
The topic of road safety is a very complicated field 
containing a high number of accident factors, humans, 
vehicles, environments, roads and regulations. It is a 
complicated topic dependent on the selection of a 
specific indicator (variable) group in the risk 
performance areas, its type, its accessibility and 
quality that determine the importance of each variable. 
Type and number of the variables depend on the 
countries’ development level, motorization level 
(vehicle rate per population) and data accessibility 
[7].Accordingly, many variables were defined in a 
region/country or city representing the factors that 
influence the accidents. In this study, the data 
regarding the employment rate (%), transportation 
within consumption expenditures (%), alcohol within 
consumption expenditures (%), urbanization rate of 
the cities, highway networks percentage (city and 
state road, highway), vehicle components, population 
in respect of their education levels and healthy 
personnel (number of specialist physicians, doctors, 
dentists and hospital beds etc.), which belonged to 
2010 and were used for 81 cities, were obtained from 
the Turkish Statistical Institute. Again in the study, 
the data about the number of accidents, red light 
violation, exceeding the speed limit from 10% up to 
30% (512A), exceeding the speed limit by more than 
30% (512B) were taken from the General Directorate 
Of Security (GDO) for 81 cities and the same year.81 
cities of Turkey were selected for 2010 as DMU with 
the Data Envelopment Analysis. Economic,socio-
demographic, transportation, health and education 
indicators of the DMUs, which were thought to 
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represent the best regarding the main components 
named as road safety risk areas, were selected for 
each DMU (city) and activity scores were found with 
18 inputs and 5 outputs, which were thought to 
represent these risk areas in the best way. Information 
about the input and output variables used in the study 
are presented in Table 1. Fixed-yield model (CRS) 
 

 
Table1.Input-Output Variables and Abbreviation Codes Used 

in the Analysis 

was used in the study in respect of the input-oriented 
scale [20].Again, 81 cities of Turkey were selected 
for the AHP and 44 factors were weighed according 
to their risk areas. Information about the 
variables/indicators that belong to the data set used in 
the study is presented in Table 2. 
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Table  2.Variables and Abbreviation Codes Used in the AHP 

Analysis 
 

The analysis was conducted for 2010. First of all, the 
problem (goal) was determined in the program. It was 
named as road safety problem. Then, the hierarchical 
structure was formed. Cities were put in order from 
the city with the highest risk to the one with the 
lowest risk through the AHP, which helps us with 
putting them in order [20].Monitoring the number of 
accidents and/or casualties is generally the first 
preferred way to realize the traffic or safety level in a 
country/region or city. Traditionally, traffic or safety 
analyses are conducted according to the casualties 
order per population or vehicle-km. In this study, 
casualties rate per vehicle km was selected as the 
traditional method and it was determined for each city 
and an arrangement was made from the city with the 
highest risk towards the city with the least risk; the 
city orders found with the AHP and DEA were 
compared. 
 
V. RESULTS AND DISCUSSION 
 
It was preferred to use input-focused CCR model, 
because supervision over inputs may come into 
question together with the development of measures 
and interventions for the represented risk areas in this 
study. DEA determines the efficient units. However, 
Andersen-Petersen (AP) method was implemented 
for finding and putting the units, in other words, 
efficiency degrees in order. In Table 3, super-
efficiency values of the cities are given for 2010. Six 
matrixes were constituted from 44 variable sets 

during the Analytical Hierarchical Process (AHP) 
(with nine rows and nine columns) and weights were 
given to the highest population (0.346), transportation 
infrastructure (0.204), and transportation (0.187), 
economic indicators (0.012), health (0.079) and lastly 
education (0.060) as a result of the AHP. City orders 
were set through the calculation of these weights and 
standardized values of each variable from 2010.  In 
Table 3, city orders are given as per the AHP for 
2010. 
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Table  3.City Orders In Reference to the DEA, AHP and 

Traditional Method 
 

Instead of the traditionally-used indicators too less 
related to traffic safety or only such as the accident 
rates, city scores were formed explaining the main 
parameters of the road safety with variables in 

relation to people, vehicles and roads countrywide 
and covering the whole country by existing for 81 
cities. Results are given in Table 3together with the 
orders traditionally formed with the number of losses 
per vehicle km. When the order results were checked, 
Istanbul, Ankara, Izmir, Bursa, Kocaeli, Antalya, 
Adana, Mersin, Konya and Gaziantep were found in 
the more risky city group as a result of the AHP 
analysis. The common point of these cities is the fact 
that the cities including the capital cities of Turkey - 
Ankara - which are economic leaders of the country 
were found much more risky than the eastern and 
southeastern cities that are way much lower than 
them in terms of economy, population, education and 
infrastructure. Problems draw attention in Hakkâri, 
Ardahan and Tunceli as a result of the DEA analysis. 
It wasn’t surprising for the cities like Istanbul, 
Ankara and Kocaeli, which were again at the top, to 
appear at the top due to their dense population, 
mobility and motorization. Wegman et.al.[21]stated 
that the order obtained from different analyses 
wouldn’t be the same on account of various reasons 
(for example, data quality, analysis method, random 
variation in the data etc.). Gitelman et al.[22] asserted 
that it wasn’t an obligation for the analysis results 
they developed to be similar to the traditional order 
based only on death, besides, different order results 
would be obtained from different analyses. Hermans 
et al. [23] stated that the order might be influenced 
through the selected analysis method. 
 
CONCLUSIONS and SUGGESTIONS 
 
Attempts were made with this study to determine 
which factor of the considered city has a problem and 
to put the cities in order according to their risk areas 
without staying dependent only on the number of 
accidents, but also taking the other influential factors 
into account. For instance, the place ofIstanbul was 
determined as 78 in the traditional method (number of 
casualties/vehicle-km). How correct it is to say 
considering this result that Istanbul is an extremely 
reliable city of Turkey in terms of traffic safety or it 
has solved the traffic problem. However, numbers 
reflect a more realistic traffic problem when the other 
analyses are checked. 
Usage of the indicator term has been increasing in 
recent years. Using this term is quite an important 
advantage to create awareness in policymakers and 
communication means. Propensities can be defined, 
problems can be predicted, policy objectives and 
priorities can be determined and the effect of the 
evaluated precautions can easily be measured 
together with this advantage brought by the 
expression convenience. 
The studies show that an increase occurs in the 
number of accidents in parallel to the increase in the 
employment rate, urbanization and city and state 
roads. This situation resembles the developing 
countries where the national income per capita 
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increases and rapid urbanization and vehicle 
ownership are in tendency to increase. The number of 
accidents decreases as the number of educated people 
increases. In this case, the first urgent thing to do is to 
make an efficient transportation plan considering the 
geographical and demographic characteristics of each 
region together with the interregional principle of 
equality in Turkey. It is of vital importance for every 
individual to try to prevent such a danger beforehand 
when it is supposed that everybody in Turkey and 
around the world has a high chance of having an 
accident right now. 
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