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Abstract- Traffic accident prediction models are commonly used for traffic safety studies. Because of their successful 
performances, heuristics algorithms have recently been used in traffic studies. In this study, for the city of Ankara, two 
analytical models to predict the number of accidents, fatalities and injuries were developed by employing Differential 
Evaluation (DE) Algorithm. In the development of the models, the forms of Smeed and Andreassen accident prediction 
models which are widely used in the literature were utilized.  The number of vehicles (N), fatalities (D), injuries (I), 
accidents (C) and population (P) were taken as the model parameters. 16 years of data taken randomly from 21 years 
historical data were used to develop the analytical models, and the rest of them a-five year data were employed for testing 
the developed models. The performances of the developed models were statistically evaluated in terms of error criterias 
which are root mean square errors (RMSE) and mean absolute errors (MAE). Two scenarios was considered to investigate 
the performances of the developed models for the future estimates, In the first scenario, the average number of vehicles per 
capita is assumed to reach 0.40 in 2023 and in the second scenario, this ratio is supposed to reach 0.60. According to the 
results obtained from the scenarios, some suggestions were presented for traffic safety applications. 
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I. INTRODUCTION 
 
According to the World Health Organization, 
annually, approximately 1.3 million people lose their 
lives in traffic accidents worldwide and also people, 
between 20 and 50 million, are injured due to these 
accidents. Unless the necessary precautions are taken, 
it is estimated that fatalities induced from injuries due 
to traffic accidents will rank the fifth in the causes of 
death in the World and 2.4 million people will die [1]. 
When it is looked at countries around the World, it 
appears that deaths and injuries depending on traffic 
accidents in countries having low and middle income 
level are higher than countries having high income 
level. Although there are many causes of this, the 
main reasons are lack of road safety strategies with 
the road standards in response to the rapid increase in 
the number of vehicles and errors in the 
transportation planning. Fatalities and injuries that 
occur because of traffic accidents in our country, 
unfortunately, are a serious problem. According to 
the statistics of traffic accidents in 2014 obtained 
from Turkey Statistical Institute, approximately 1.2 
million traffic accidents occurred in our country. Both 
more than 3.500 people lost their lives and more than 
28.500 people were injured in these accidents [2]. 
There is no doubt that the mistakes made in the past 
for transportation planning and mainly road 
transportation system are effective in the high number 
of traffic accidents. 
As Plans and policies related to road safety 
determine, the accident prediction models are 
commonly used nowadays. Therefore, there are many 
accident prediction models developed by using 
different methods in the literature. One of the well-

known models is Smeed accident model and it was 
turned out by using the number of deaths, the number 
of vehicles and the population data belonging to 20 
countries in 1938. Thus, it was examined the 
relationship between these variables and the model 
given in Eq. 1 was developed [3].   
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Smeed and Jeffcoate had been tested the applicability 
of the model for several years and stated that the 
model predictions were close to the actual values [4-
5].  However, Andreassen expressed that the 
implementation of Smeed’s model would not be 
possible for all countries because of the fact that 
Smeed’s model was developed using only a single 
year data instead of a time series data and the model 
coefficient and exponent should be different for each 
country [6]. Therefore, depending on the number of 
vehicles and population to estimate the number of 
fatalities proposed the following model forms. The 
exponent B1 and B2 were achieved for each different 
country, Germany, France, UK and USA and so on, 
as set forth by Equation 2. 

     21 )()( BPBNsabitD                                  (2)                                    
 Mekky investigated the effect of increase in the 
number of vehicles on the number of fatalities and 
stated that despite the increase in the number of 
vehicles in the country, the number of fatalities 
demonstrated a decrease when the level of 
development in the country was getting higher. [7]. 
Valli suggested accident prediction models for India 
and metropolises of India by benefiting from Smeed 
and Andreassen accident models in her study done in 
2005 and also predicted the number of accidents, 
injuries and fatalities for 2007 and 2010 by using 
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these tahminmodels [8]. Similarly, Smith [9], 
Akgüngör and Doğan [10, 11], Ponnaluri [12], 
proposed accident prediction models by using Smeed 
Model forms. Imran and Nasir [13] tried to predict 
traffic accidents in Pakistan by using a cubic model. 
Depending on the model results, they stressed that 
traffic accidents reached serious proportions in 
Pakistan.  
In this study, two accident prediction models were 
developed based on Smeed and Andreassen accident 
models. The number of injuries and fatalities were 
estimated by means of these developed models. The 
results of the models were compared to real data and 
the performances of the models were demonstrated. 
Forecasts of the developed accident models are 
evaluated under two different scenarios. 
 
II. DITAILS EXPERIMENTAL 
 
1.1. Differential Evolution Algorithm 
Since traffic accident prediction is a non-linear 
problem and input variables with data types vary, 
deterministic methods are hampered to demonstrate 
the desired performance in these kinds of problems. 
Researchers tried intuitive methods running 
according to population-based search to achieve 
better results in performance. One of influential and 
popular methods is Genetic Algorithm (GA). 
However, the genetic algorithm is insufficient to 
solve the problems having numerical parameters due 
to coding on its logic.  Storn and Price proposed 
Differential Evolution Algorithm (DEA) to eliminate 
insufficiency of genetic algorithm. This algorithm has 
an effective performance in the problems having 
continues data and it is efficient due to the structure 
that allows data to be encoded in real value [14]. The 
basic principle of DEA is quite similar to GA. Four 
basic operators runs in DEA. These are initial 
population, mutation, crossover and selection. The 
main difference between DEA and GA is in the 
mutation operator.  The mutation process based on 
the difference of randomly selected vectors in DEA 
improves the performance of algorithm and allows to 
be found the local minima by ignoring the initial 
parameter values. All operators in DEA are not 
applied to the whole population one by one as GA. 
DEA requires less control parameters and can be 
encoded with less lines. These advantages of 
algorithm make it more popular and preferred 
approach to solve the many kinds of problems.   

 
Fig. 1. Basic steps of DEA 

 Initial population: 
The number of input variables (D) in the initial 
population determine the population size and the 
number of chromosomes in the population must be 
more than 3 [15]. Initial population is obtained by 
random distribution between 0 and 1. Mathematical 
form of initial population is shown by eq.3. 
  	푋 ,

( ) = 	 푋 + 	 푟푎푛푑 (0,1)	. (푋 − 푋 )     (3)  
Mutation: 
Mutation operator uses the difference between 
members of population and requires three randomly 
selected chromosomes. Thus the mutant vector is 
obtained. Mathematical form of mutation is shown by 
eq.4. 
  X ′( ) = 	X( ) + F(X( ) − X( ))     i = 1…Np       (4)                                            
There are a lot of strategies in mutation and they are 
expressed in DGA/x/y/z form. Here, x refers to the 
vector employed to create mutant vectors, y is the 
number of difference vectors used in the mutation 
process and z is the crossover scheme utilized in the 
crossover operation. 
 Crossover: 
The aim of this process is crossover between the 
target vector and mutant vector. Therefore, trial 
vector is obtained. Mathematical form of crossover is 
shown by eq.5. 

X ′′( ) = 	
X ′( )	if	rand (	0,1) ≤ C 	or	j = 	 j
X( )																																					otherwise

 (5)                                                   

Crossover is executed according to selected 
probability distribution [16]. 
 Selection: 
The last step of DEA is to select the best population 
between target and trial vectors. Expression of this is 
shown by eq. 6. 
	X( ) =
X ′′( )	if			f X′′( ) ≤ f X( ) , i = 	1 … Np

X( )																																					otherwise
									(6)                                      

The values of control parameters. F, Cr and Np, 
should be selected in optimum ranges as Storn 
suggested. This is important in terms of performance 
[14].  
 
2.2. Traffic Accident Prediction Models for The 
City of Ankara 
In the development of traffic accident models for the 
city of Ankara. Smeed and Andreassen model forms 
were used. The advantage of finding the optimum 
solution of DEA were utilized to develop these 
models as well. The simplicity and effectiveness of 
the models are associated with the forms of models 
and used parameters. Although there are a lot of 
parameters as road geometry, driver, climate etc., 
which affect traffic accidents, using of each 
parameters in equations is generally not possible. In 
addition, it is a condition which contrasts with 
practicality. Approaches in the literature and data of 
Turkey Statistical Institute show that the number of 
accidents has a relationship with the number of 
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vehicles and the population. Therefore, the statistics 
of accidents and the population data between 1994 
and 2014 provided by Turkey Statistical Institute 
were utilized in the development of models [2]. 
The Smeed model given in Eq. 1 was come out as a 
result of regression analysis of the dependent and 
independent variables. This model is a simplified 
form as results of algebraic manipulation of Eq. 7.  
The basic form of the expressed Smeed Model by Eq. 
7;  
         logD = logC + B logN + B logP              (7)                                                      
Where; C,B1 and B2 are coefficients obtained by 
regression and D,N and P are the number of fatalities, 
the number of vehicles and population respectively. 
The development models are in Smeed and 
Andreassen forms and a different approach is used in 
Smeed form. Herein, the difference bases on the 
establishment of a proportional relationship between 
independent and dependent variables. Model of this 
approach is illustrated by Eq. 8. 
         D/N = 	w (N/P)                                       (8)                                                                                        
Where; D, N and P are the number of fatalities, the 
number of vehicles and population respectively, and 
w1 and w2 are the input coefficients. 
Another model is Andreassen form and an approach 
that there is an exponential relationship between 
accidents and independent variables which are the 
number of vehicles and the population. The model of 
this approach is given by Eq. 9.  
         D = 	e (N) (P)                                    (9)                                           
The coefficients of the models in these approaches 
are obtained by using differential evolution algorithm 
according to data of Turkey Statistical Institute. The 
mathematical expression of fatalities prediction 
model developed in accordance with Smeed form is 
illustrated by Eq. 10.  
      D/N = 	0.000003(N/P) ,                       (10)                                                                       
The accidents and injuries prediction models which 
are in same form are given by Eq. 11 and 12. 
    C/N = 	0.088163(N/P) ,                         (11)                                                                       

    I/N = 	0.004168(N/P) ,                        (12)                                                                      
The coefficients of the accidents, fatalities and 
injuries prediction models in Andreassen model form 
are found as stated by Eq. 13-15.  
   D = 	e , (N) , (P) ,                       (13)              
   C = 	e , (N) , (P) ,                          (14)                                                                 
   I = 	e , (N) , (P) ,                       (15)      
To ensure the accuracy of the study, data are 
separated into training and test data and this 
separation is executed according to 76% and 24%, 
respectively. Five data, randomly selected from 
different years, are determined as test data and the 
performances of models are evaluated separately for 
testing and training data in terms of error criterias 
which are mean square errors (MSE) and mean 
absolute errors (MAE). 
 
III. RESULTS AND DISSCUSION 
 
Observed and estimated values according to years are 
illustrated in Table 1. The comparison of results are 
executed with these values. When compared the 
prediction values of two models with observed 
values, it is seen that both estimated and observed 
values are close to each other. The percentage 
difference of models’ estimated and observed values 
are graphically presented in Fig.2. This graphic 
indicates that Andreassen model form has less 
percentage error than other form and it is more 
coherent with observed values. 
For the evaluation Smeed and Andreassen models’ 
performance, root mean square errors (RMSE) and 
mean absolute errors (MAE) for training and test 
values are tabulated in Table 2.  
As seen from the table, Andreassen model has the 
lowest RMSE and MAE values for both training and 
test in the prediction of accident, injury and fatalities. 
Therefore, Andreassen model is expected to produce 
better results.

 
Table 1: Smeed and Andreassen model estimates for the city of Ankara 

 
*The marked years show test data.   
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Fig.2. Percentage difference models’ estimates and observed 

values 
 

Table 2: Error comparisons of Smeed and Andreassen models 

 
 

3.1. Various Accident Scenarios for the City of 
Ankara 
An important benefit of the developed models is that 
they can be used to estimate accidents for the future.  
Thus, different scenarios for the future can be 
examined by using these models and negative 
situations that may occur in future can be 
predetermined. The present data shows that the 
number of vehicles per capita is 0.23 for the city of 

Ankara. When looked at many European countries, 
this ratio ranged from 0.4 to 0.6. When considered 
that Turkey is a developing country and increasing its 
prosperity, this rate is expected to rise to same level 
as European countries in Turkey and Ankara as well.  
While being prepared scenarios for future, two 
parameters are selected and projection data obtained 
from Turkey Statistical Institute [2] is used as one of 
them, which is population, another parameter is the 
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number of vehicles and the number of vehicles per 
capita is selected 0.4 and 0.6 in scenarios because of 
the fact that the number of vehicles per capita in 
Turkey is to approach the level of countries in 
Europe. Thus, according to different distributions of 
the number of vehicles, two scenarios are created and 
it is predicted that the number of vehicles per capita is 
to attain to 0.4 in 2023 for Scenario I and 0.6 for 
Scenario II.  According to the created scenarios, the 
population and the number of vehicles for future are 
shown in Table 3.  
 

Table 3: Population and vehicle number estimates 

 
 

The results of prediction of accidents, fatalities and 
injuries for the future are calculated by using Smeed 
and Andreassen models. These results are illustrated 
in Table 4-6. When examined the statistics of 
fatalities belonging the previous years, it is seen that 
there is a decrease in the number of fatalities. There is 
a reverse relationship between the number of vehicles 
and fatalities. The results of prediction for future 
show same decreasing trend. Thus, it is realized that 
increment of standards in vehicles is a parameter that 
leads to decrease in the number of fatalities.  The 
Increase in the number of vehicles and population 
affects the numbers of accidents and injuries. There is 
a linear relationship between them and it is 
understood from Table 5 and 6.  

 
Table 4: The death estimates for various scenarios 

 

Table 5: The injury estimates for various scenarios 

 
 

Table 6: The accident estimates for various scenarios 

 
 

Although Smeed model predicts less the number of 
fatalities than Andreassen model, it is thought that 
results of Andreassen model is more reliable. Because 
Andreassen model has a less error rate than Smeed 
model and prediction values of Andreassen model is 
closer to observed values. 
 
CONCLUSIONS 
 
In this study, the prediction models of accident, 
injuries and fatalities for the city of Ankara are 
developed by using differential evolution algorithm 
according to Smeed and Andreassen model forms. 
While being developed models, the population and 
the number of accidents, fatalities, and injuries 
obtained from Turkey Statistical Institute [2] are 
used. These data includes the years between 1994 and 
2014. The predictions values of Smeed and 
Andreassen models which are developed for the city 
of Ankara are compared to observed values for 
training and test data. The comparisons of the 
developed models are statistically evaluated in terms 
of error criterias which are root mean square errors 
(RMSE) and mean absolute errors (MAE). According 
to statistically evaluations, it is seen that Andreassen 
model is more successful than Smeed model. Two 
different scenarios are created to predict the number 
of accident, injuries and fatalities for future and these 
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scenarios are employed in developed models. These 
scenarios includes two parameters which are the 
number of vehicles and the population between 2015 
and 2023. The population of Ankara is expected to 
reach to 6 million people in 2023 according to the 
estimations of Turkey Statistical Institute. 
Additionally, it is estimated that the number of 
vehicles is to reach to 2 371 000 in Scenario I and 3 
556 000 in Scenario II approximately. When 
compared the results of models in both scenarios, the 
Andreassen model predicts better than Smeed model 
except only one value.  
When examined the statistics of accidents in Turkey 
from previous years to today, it is realized whereas 
the number of accidents and injuries rise in parallel 
with the increase in the number of vehicles and the 
population, the number of fatalities decrease. 
Undoubtedly, advances in vehicle technologies have 
an important role.  However, this is not enough alone. 
Strategies, policies and investment in infrastructure 
influence this decrease as well. Another important 
factor is cultural awareness. In our country, as well as 
in European countries, "zero accident vision" should 
be identified as target and measures should be taken 
to improve road safety if it is necessary. In the cities 
pedestrian safety systems should be enhanced and a 
people-oriented transport system should be adopted. 
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