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ABSTRACT 9 

The main objective of this study is to model accident severity in Egypt. Accident 10 

severity models in Egypt as soon as many developing countries are limited and need more 11 

effort. Data collected from Egyptian desert roads for the period from 2012 until 2015. Three 12 

different desert roads are selected in this research (Alexandria, Ismailia, and Suez) for data 13 

collection. Logistic regression analysis was performed to estimate accident severity model. 14 

All road, driver, environmental, and vehicle characteristics were studied to choose the most 15 

effective variables in the model.  Analysis was done using the application of SPSS computer 16 

software Version [22]. Various statistical tests was applied to the estimated model to check its 17 

strength. Tests showed that the estimated logistic model for accident severity is statistically 18 

accepted.  19 
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 27 

          Traffic accidents are among the major and most dangerous problems all over the world. 28 

It causes loss of life, health damage of properties, economic loss, and psychological effect on 29 

victims and their families. Road traffic accident victims and injuries is a worldwide public 30 

health problem. Road accidents represent the third largest cause of death worldwide. The 31 

World Health Organization (WHO) considers road accidents as one of the world's largest 32 

public health problems. Every year the lives of approximately 1.25 million people are cut 33 

short as a result of a road traffic crash [1]. 34 

 35 

Road traffic accidents have been increasing sharply in Egypt specially with increasing 36 

number of owned vehicles. Desert road accidents cost the Egyptian economy a lot of losses 37 

[2]. 38 

 39 

Decision makers and highway officials need accurate information about relationships 40 

between accidents and its causes. Developing accident models can help in predicting accidents 41 

effectively and allow decision makers to provide road safety measures and policies. Accident 42 

models are usually developed as severity models or frequency models. Severity models can 43 

predict the degree of severity at a given location in addition to the determination of effective 44 

factors in accident causes.   45 

 46 

Accident severity models in Egypt are very rare or almost not exist. Therefore, the 47 

scope of this research is the estimation of accident severity models for the intercity roads in 48 

Egypt. Logistic regression analysis is the most communally used method in estimating 49 

accident severity models. Accordingly, this research focuses on estimating an accident 50 

severity models using Logistic analysis for intercity roads in Egypt. 51 
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 52 

 53 

2.   LITERATURE REVIEW 54 

 55 

Factors affecting roads traffic safety are drivers, vehicles, roadway sections 56 

characteristics, and environmental conditions. In Egypt, these factors are responsible for 57 

accidents occurrence by the percentages of 74%, 17% and 9% for driver, vehicle and road 58 

characteristics, and environmental factors respectively [3]. In general, human factors are 59 

responsible for 65% to 81% of traffic accidents [5]. 60 

 61 

Behairy, mentioned that the percentage of accidents between twenty and fifty years 62 

age is about 75 %, which is relatively a very high value. This age has the great effect on the 63 

national productivity in all countries. In addition, Behairy, found that male fatalities equals six 64 

times female fatalities, and male injuries equals five times female injuries[6].  65 

 66 

Abou EL-Naga, concluded that many faults in the vehicle could cause accidents like 67 

turning flasher, quality of vehicle doors locking, tires, brakes, etc. Any defect in one or more 68 

of these factors may cause an accident happening [4].  69 

 70 

Jenkins, D., concluded that women were less skillful and less able to execute difficult 71 

maneuvers, while men were more likely to drive too fast, and overtake improperly [11]. 72 

Babkov [7] concluded that the accidents rate increases as the width of the roadway 73 

decreases. Noland and Oh [20], concluded as the number of lanes increase the number of 74 

fatalities increase. The same conclusion was gotten by Jian Xu et al [21].  The situation will 75 

be reversed in case of shoulder width. The number of accident will decrease as the shoulder 76 
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width increase [10]. 77 

 78 

Abou EI-Naga, found that as the daily traffic volume (veh/day) increases, accidents 79 

rate (AR) decreases [4]. Gwynn, assumed that a U shaped relationship exists between traffic 80 

flow and accident rates on four-lane sections [17]. Ceder and Livneh found that the 81 

relationships between accident rates and hourly traffic flow are different [18]. Yousry, 82 

concluded that an increase of the percentage of trucks and buses will reduce the speed and the 83 

level of service on the road [8]. Hany M. Hassan, et al, stated that heavy trucks are usually 84 

involved in severe and fatal crashes occurring [19]. 85 

 86 

Eluru et al., found that darker periods often lead to higher accident severity [22]. 87 

Plainis et al., stated that night time increase accident frequency. He also stated that the degree 88 

of lighting affect number of fatalities and increase stopping distance as a result of the 89 

increasing reaction time [23]. 90 

 91 

Accident severity is always measured based on its category. For example accident may 92 

be classified as fatal, injury, or property damage accident. Consequently, models that can 93 

represent accident severity should be suitable to represent this categorization like logit or 94 

probit models [9].  95 

 96 

Logistic regression techniques are used to model probabilistic systems to predict 97 

future events. These models are direct probability models that have no requirements on the 98 

distributions of the explanatory variables or predictors [12].  99 

 100 

Traditional logit models do not impose the sometimes unrealistic parameter 101 
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restrictions that traditional ordered probability models do [13, 14]. However, its applicability 102 

is limited by the assumption that all error terms in severity functions are independent and 103 

identically distributed. This means that the logit model is particularly susceptible to 104 

correlation of unobserved effects from one accident severity level to the next; YUE LIU, [14].  105 

This assumption may not be valid in some traffic safety studies. Logistic regression models 106 

have been used in various shapes for accident severity modeling. It has been used in the form 107 

of multinomial, binary, ordered, ordinal, and nested logit models [12, 13, 14, 15]. 108 

 109 

The logit model is limited in three important ways. It cannot represent random taste 110 

variation. It exhibits restrictive substitution patterns. In addition, it cannot be used with panel 111 

data when unobserved factors are correlated over time for each decision-maker. In contrast, 112 

Probit models solve all the three issues [12, 13, 14, 15].  113 

 114 

Probit models can handle random taste variation, they allow any pattern of 115 

substitution, and they are applicable to panel data with temporally correlated errors. The only 116 

limitation of probit models is that they require normal distributions for all unobserved 117 

components of utility. Therefore, in some situations, normal distributions are inappropriate 118 

and can lead to unsuitable forecasts [16]. 119 

 120 

The most common approach for the derivation of such models is to start by specifying 121 

a hidden variable, Z, which is used as a basis for modeling the ordinal ranking of data. This 122 

unobserved variable is most often specified as a linear function for each crash observation, 123 

such that Z=Xβ, where X is a vector of variables determining the discrete ordering for each 124 

crash observation β, is a vector of estimable parameters, and ε is a disturbance term [14].  125 

 126 
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Both ordered logit and probit models are shared in restrictions coming from their 127 

previous assumptions. One of the primary assumptions of both ordered logit and probit 128 

models is that the error variances are assumed to be the same for all data. If this assumption is 129 

not satisfied the parameter estimates will not be correct and the standard errors are incorrect. 130 

To correct this, employing a heterogeneous choice model which reduces the assumption by 131 

obviously specifying the determinants of location-scale. Another important assumption share 132 

with both logit and probit models is that the relationship between each pair of outcome groups 133 

is the same; Chao Wang [9]. 134 

In conclusion, logistic analysis is useful for situations in which someone wants to be 135 

able to predict the presence or absence of a characteristic or outcome based on values of a set 136 

of predictor variables. Logistic analysis is suited to models where the dependent variable is 137 

distributed. Logistic analysis coefficients can be used to estimate odds ratios for each of the 138 

independent variables in the model. In addition, is preferred when assessing the contribution 139 

of variables because it is less affected by variance, covariance, and inequalities across group. 140 

It is able to handle categorical variables easily. Logistic analysis determines the impact of 141 

multiple independent variables presented simultaneously to predict membership of one or 142 

other of the two dependent variable categories. In what follows, logistic regression model for 143 

accidents will be estimated for intercity roads in Egypt. 144 

                                                                        145 

3.   METHDOLOGY 146 

3.1 Modeling variables 147 

The objective of this model is to calibrate accident severity model. It measures the 148 

probability of accident occurrence in a given road section. The dependent variable that has 149 

been considered in the research is the accident rate. The accident rate was estimated according 150 

to the following equation; 151 
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 152 

                                     Number of accidents x 106 153 

Accident rate (AR) = ───────────────         (3) 154 

                                   AADT x 365 x N x L 155 

 156 

Where: 157 

AADT : Average Annual Daily Traffic 158 

N        : Number of years considered 159 

L         : Section length in kilometer 160 

  161 

Accordingly, the outcome of the estimated model is the probability of accident 162 

occurrence in a given section per vehicle per day per km in millions. This will be termed as 163 

P(AR).  164 

 165 

This research focuses on severity accident modeling in intercity Egyptian roads. Data 166 

was collected from three selected desert roads for accident modeling; Alexandria, Ismailia and 167 

Suez. The available data which was used for analysis and modeling are recorded for the 168 

period (2012 up to year 2015). 169 

 170 

 The following variables have been considered in this research to be checked as 171 

independent variables: 172 

  173 

- Weather conditions (clear – fog – rain). 174 

- Traffic conditions (Average Annual Daily Traffic (AADT) – Heavy Trucks (HT) – 175 

Time “ day or night”)  176 
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- Human factor (age – gender). 177 

- Geometrical factors (Shoulder Width (SW) – Median Width (MW) – Pavement 178 

Width (PW) – Light Condition (LC) – Surface Condition of road (SC) – Lane 179 

Marking (LM) – Curves).   180 

 181 

Accidents models are calibrated using the application SPSS computer software 182 

Version.22 for determining the accident severity model. 183 

 184 

3.2 Data Collection 185 

 186 

Zegeer mentioned that it is very important to study accident records over a sufficient 187 

period of time, in the US, road authorities used time periods for data ranging from one to five 188 

years [10].  189 

 190 

Therefore, Accident data used in this studying were obtained from recorded data in the 191 

“Egyptian General Authority for Roads, Bridges, and Land Transport, also from General 192 

Administration of Traffic “for the period between 2012 and 2015 for the three desert roads. 193 

These data include accident characteristics, traffic characteristics, and environmental 194 

characteristics.    195 

 196 

Another type of data which are the geometric characteristics of the accident locations 197 

were collected through field surveying. A field survey form has been designed for this 198 

purpose. The form and the collected data using are shown in Table (1). 199 

Table 1. Field Survey Collecting Data Form 200 

  Road name : From km       to        km 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 8, August-2019                                                        919 
ISSN 2229-5518  

IJSER © 2019 
http://www.ijser.org 

 

Factor 

 

Value 

1- Pavement width 

 

 

 

2- Shoulder width  

 

3- 

 

Median width 

 

 

 

4- Road curvature straight  

curved  

 

5- 

 

Lighting 

Two Side  

One Side  

Not existing  

 

6- 

 

 

Lane marking 

good  

bad  

Not existing  

 

7- 

 

Surface condition of road 

good  

bad  

Not existing  

 201 

The surveyed data was arranged and classified and entered to SPSS software for the 202 

purpose of modeling a logistic regression model in most effective variables.   203 

 204 
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4.   DATA ANALYSIS AND RESULTS 205 

4.1 Determination of Accident Severity model for intercity roads by logistic Analysis 206 

 207 

Too many models have been checked on SPSS software for the purpose of getting the 208 

most effective logistic regression model. Results of the best model are developed in model 209 

(4). It is clear from this model that it includes seven variables. These variables are explained 210 

in a previous section. 211 

 212 

                                     exp(16.286 – 0.1 PW – 0.316 MW – 0.0001 AADT + 0.318 HT + 0.742SC + 0.504 LM + 0.294 LC ) 213 

                P(AR) =    ──────────────────────────────────────────  214 

             1+ exp(16.286 – 0.1 PW – 0.316 MW – 0.0001 AADT + 0.318 HT + 0.742SC + 0.504 LM + 0.294 LC  )                                                                                                                                                                                                                            215 

                                                                                                                                         (4)        216 

4.2 Testing the model using Wald test 217 

 218 

The Wald test (also called the Wald Chi-Squared Test) is a method to find out if 219 

explanatory variables in a model are significant. “Significant” means that they add something 220 

to the model; variables that add nothing can be deleted without affecting the model in any 221 

meaningful way. The test can be used for a multitude of different models including those with 222 

binary variables or continuous variables. This test can also be inverted to obtain confidence 223 

regions for coefficient value parameters. Table (2) shows Parameter estimates effect of each 224 

significant independent variables. If this test statistic has magnitude larger than 1.96, then the 225 

coefficient is statistically significant (at the 95% confidence level). 226 

 227 

 228 

Table 2. Estimated Parameters of independent variables for general model 229 
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 230 

Variables B Wald Sig. Exp(B) 

Constant 16.286 71.838 0.000 118.3*105 

PW – 0.100 4.817 0.028 0.905 

MW – 0.316 7.609 0.006 0.729 

AADT – 0.0001 51.091 0.000 1.000 

HT  0.318 53.701 0.000 0.728 

SC 0.742 22.413 0.000 0.476 

LM 0.504 8.613 0.003 1.656 

LC 0.294 4.493 0.034 0.745 

  231 

It is clear from the table that results shows that all explanatory variable are significant. 232 

This reflects the influence of the independent variables on the dependent variable. An 233 

exponential form of the coefficient Exp (B) (odds ratio) represents the ratio-change in the 234 

odds of the accident severity for a one-unit change in the predictor. 235 

 236 

 237 

4.3 Testing the model fit  238 

The classification results table shows that correctly classified of the total sample 239 

volume is 74.7% (707/947). The percentage of correctly classified evaluates the goodness of 240 

fit for the model as in table (3). This table shows results derived of Logistic function to 241 

classify observations. It contains two classification group functions for the correctly classified 242 

data with summation (707) observations used to fit the model. The probability to happen an 243 

accident represented by group (Yes) equal (531) observations, with percentage 88.5 % of 244 
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correctly classified. However, value of no probability to happen an accident represented by 245 

group (No) equal (176) observations, with percentage 50.9 % of correctly classified. 246 

 247 

Table 3. Classification results of fit for Logit model 248 

Observed 

Predicted Group 

Membership 
Total % 

 
No Yes 

General 

model 

 

 
No 

 
176 171 50.9 % 

 Yes 69 531 88.5 %  

Percentage correct 74.7 % 

 249 

The sensitivity of logit model is another test to evaluate the goodness of fit .For 250 

measuring the sensitivity of this logit model the area under ROC curve (Receiver Operating 251 

Characteristic) determined which equal 80.1 % as shown in the next figure and it’s a good 252 

value which represent a strong model. 253 

 254 

Fig. 1.  ROC curve which measuring sensitivity of logit model. 255 

  256 
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5. CONCLUSIONS  257 

 258 

Reference to the above analysis and discussions, one can conclude the following: 259 

 260 

• Results showed that the most important factors that affected accident severity at intercity 261 

roads in Egypt arranged in a descending order: 262 

 263 

1- LM  lane marking     264 

2- AADT  annually average daily traffic   265 

3- PW  pavement width     266 

4- LC  light condition    267 

5- MW  median width    268 

6- HT   percentage of heavy traffic    269 

7- SC  surface condition    270 

 271 

• Logistic analysis represents a suitable analysis method for accident severity model. 272 

• It was clearly evident that bad or hidden lane mark is one of the main causes of increasing 273 

severity accidents. 274 

• Accident severity increase when lighting condition is absent or poor.  275 

• The current study should be utilized when constructing new intercity roads in Egypt in 276 

order to predict accident severity in the design phase. Several geometrical elements could 277 

be estimated such as pavement, shoulder and median width, road surface condition, lane 278 

marking, and light condition.in order to minimize the probability of accident occurrence. 279 

• Percentage of trucks in the traffic volume increases accident rate.  280 
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• The human factor has a major influence on accidents which can be a result of driver 281 

negligence of driving rules, un-appreciating landed signs, driving under drugs, and over 282 

speeding. 283 

 284 

 285 

6.    RECOMENDATIONS 286 

 287 

      Authors recommended the following: 288 

• The estimated models should be used to check the design of new or existing roads from 289 

the severity point of view. 290 

• Concerned authorities should review the road maintenance schedule considering accident 291 

severity models into consideration. 292 

• As the percentage of trucks increase in the traffic volume, authorities should plan to 293 

isolate it in a separate roads.  294 

• Further research studies can utilize the economic point of view for comparing different 295 

means for fixing existing roads to minimize accident rates. 296 

• A wider range of analysis types should be investigated to predict more severity models.  297 

• Similar field tests should be applied on different roads types such as rural, agricultural and 298 

other major roads in Egypt.  299 

• Other geometric road characteristics should be tested such as gradients, uphill or downhill 300 

travel, vertical curvature, super elevation, and traffic congestion. 301 

• Examine the factors affecting speed variance, such as traffic composition and variable 302 

speed limits, so effective policies can be developed to reduce the speed variance. 303 

Similarly, driving behavior in congestion should be investigated so as to control and 304 

reduce aggressive driving in congested situations. 305 
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• Studies should be made to find out how to increase awareness among drivers in terms of 306 

accidents causes and how to be always in focus to drive safely. 307 

 308 

 309 
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