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Base model and accident modification factors play an important role in the accident 
predictive algorithm for two-lane highways used in the interactive highway safety design 

model (IHSDM). One of the main approaches of obtaining the accident modification factor 

associated with each geometric or traffic feature of the highway is the utilization of before 

and after studies. If there exists no sufficient statistics of before and after studies in the 

region, the available approved resources in the aforementioned algorithm may be used. In 

this research, the non-related-intersection accident statistics within the timeframe of 2014-

2015 are implemented for 18 two-lane highways in Guilan province, Iran. Comparing the 

sensitivity analysis of the obtained results from the regression models, one is able to analyze 

the final achievements. The functions of accident modification factors obtained via Poisson 

regression model of the present study are compared with the available accident modification 

factors. Our achievements indicate the probable improvement of accident modification 

factor related to the roadside hazard rating (RHR) and calibrated base model in the flat and 

rolling areas of Guilan province, Iran.  

1. Introduction 

The accident predictive algorithm for two-lane highways, 

investigates the interactive effects of the amount of non-

related-intersection accidents and the geometric and traffic 

features. The results obtained are due to the environmental 

effects and other factors which are related to a particular 
country or region. Results of this approach can be useful for 

making a comparison among several proposals for a two-

lane highway project or for modifying and improving an old 

project. This algorithm is depicted in Figure 1.In this 

algorithm, the empirical bayes (EB) method, which is 

implemented in order to scrutinize the accidents prediction,  

is not the subject of the present study. 

Here, a specific parameter as an accident modification 

factor (AMF) is defined for an important feature of the 

highway which is measured against the nominal conditions. 

The value of each AMF for the nominal condition is equal to 

1. If the AMF value corresponding to a specific parameter 

exceeds 1, it points out to expectation of more accidents to 

the same amount rather than one for the nominal conditions. 

However, the AMF value below 1, brings about expectation 

of fewer accidents to the same amount rather than one for the 

nominal conditions. The base model , which is used in the 

accident predictive algorithm for two-lane highways, is 
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obtained via the regression analysis. Base model is the result 
of the obtained regression model in the nominal conditions. 

This method of roads safety study has many advantages 

compared to the utilization of regression model alone. 

Figure 1. Accident predictive algorithm for two-lane highways [1] 

The computation of each AMF via before and after 

studies is in the forefront of importance. Since, before and 
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after studies conducted till now are encountered with specific 

limitations, in some cases, the analysis of regression models 

will be used for determining the AMF in this study. Finally, 

the expert opinions play an important role in summing up the 

AMF determination. Eq. (1) illustrates the overall definition 

of AMF, while, Eq. (2) states its definition through the 

regression model.

 

(1) 
AMF = 1 −

Accident Before − AccidentAfter

Accident Before

=
AccidentAfter

AccidentBefore

 

 

(2) 
AMF =

Model function by putting variables in the nominal conditions except 𝑥1

Model function by putting all the variables in the nominal conditions 
 

According to Eq. (3), one is able to determine the 

amount of accidents improvement  results for a specific  

segment of highway by changing one of the highway’s 

feature which has its specific AMF. 

(3) 
∆N = Nw

o⁄ (
𝐴𝑀𝐹𝑤

𝐴𝑀𝐹𝑤
𝑜⁄

 − 1) 

In which ∆N denotes the change in the number of 

accidents due to the change in the geometric conditions or 

each parameter with obtained AMF value from the literature 

and Nw
o⁄ stands for the number of accidents before changing 

the corresponding geometric or traffic feature (foregone 

values). Also, 𝐴𝑀𝐹𝑤
𝑜⁄  is the AMF value achieved via the 

existent conditions and 𝐴𝑀𝐹𝑤 stands for the AMF value 

corresponding to the new conditions of geometric and 

traffic conditions. The positive value of ∆N indicates an 
increment in the number of accidents due to the performed 

change and the negative value points out the decrement [2]. 

The present study aims to develop the AMF values 
obtained via an appropriate regression model called Poisson 

model and by using the accidents statistics within the 

timeframe 2014-2015 in 18 two-lane highways of Guilan 

province. 

2. Methodology 

2.1. Statistics and Information Accumulation 

The statistics of occurred accidents in 18 different two-

lane highways are gathered from the police station. 

Furthermore, released geometric highway reports from the 

Department of Roads and available 2D-maps have been also 

used in this regard. Since the available 2D- map (with scale 

1:50000) does not meet the sufficient accuracy to determine 

important geometric parameters such as horizontal and 

vertical parameters of highways , these parameters are 

ignored in the present study. The other parameters are 

completed with the field research. The accidents statistics 

have been variably accessible for one to two year of select 

two lane highways. These statistics have been variably 

reported from 2014 to 2015. This information includes only 

the non-related-intersection accidents with no distinction 

for type of accident in terms of severity (fatal, injury and 

property damage only ). It is worthwhile to mention that the 

aim of this study is to investigate the total number of 
accidents and there is no need to distinct them in terms of 

severity. 

 

2.2. Introduction of the Variables 

Since only 11 permanent automatic traffic recording 

stations are available in the province and only one of the 

selected axis highway has a permanent automatic traffic 

recording station, therefore, in order to apply ADT (average 

daily traffic volume) corresponding to each highway, short-

term traffic count is performed in a specified time range for 
each of them. Then, ADT estimation is used according to 

the approach presented in the appendix of road safety 

manual [3]. 

The field survey consists of defining several 

independent variables such as lane width ( LW: measured 

in meter), shoulder width ( SW: measured in meter and 
mainly consists of a combination of 50% turf and 50% 

gravel) , driveway density ( DD : number in kilometer), 

roadside slope ( S : classified from 1 to 5 based on the 

slope), average distance of roadside object from the edge of 

pavement ( DO: measured in meter), shoulder falling ( SF : 

values of 1 and 0 corresponds to the presence and absence 

of the falling, respectively), terrain type (TER: flat or 

rolling). Further to these, the roadside hazard rating (RHR) 

is directly deduced from S and DO values (between 1 and 

7). The definition of RHR has been presented by Zegeer and 

his co-authors for the safety study and roadside design [4]. 

2.3. Modeling Approach 

After gathering the statistics, Poisson regression model 

is fitted for them. According to Miaou's studies [5] and other 

later studies, the fitted regression models to the accident 

predictive models was suggested to follow a log-linear 

pattern under the assumption of a Poisson error structure. 
Nowadays, it is still being used as a separator model of 

various variables effects especially in the road accidents 

analysis. Poisson model is governed by the following form 

𝜇𝑖 = exp(𝛽0 + ∑ 𝑥𝑖𝑗𝛽𝑗)𝑛
𝑗=1   (4) 

where 𝜇𝑖  is the average expected accidents in the ith site and 
within a specific time period, xi1,xi2,…, xin denote the road 

variables in the ith site during the time period and 

𝛽0, … , 𝛽𝑛stand for the estimable coefficients of the model.  

The verification process and the final model selection is 

performed in several stages and during this process, the 

evaluation criteria of the final model are P-Value (based on 

the significant test of statistic Z) of each effective variable 

on the model, value of R-squared (R2) as a goodness-of-fit 

measurement of the model, each parameter’s coefficient 

magnitude and its standard error as well as consideration of 

direct engineering judgment. 
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3. Simulation Results  

The statistical results obtained from the independent 

variables and number of annual accidents are briefly given 

in Table 1. The 18 axes are 246 km long from which 65 km 

are rolling and the remaining parts are placed in the flat 

terrain. 107 km of these ways meet the shoulder falling 

while falling is not seen in the other. 

Table 1. Summarized statistical report of the variables in all the studied axes 

75th percent 25th percent Maximum Minimum Standard deviation Median Average Variables 

58.94 16.69 202.21 5.99 51.75 39.12 51.79 Average annual accidents 
19.5 5 41 1.7 11.04 12 13.65 L 

99297 51977 26357 2580 6454 8073 9013 ADT 

3.525 3.2 4 3 0.29 3.35 3.38 LW 

2.5 1 2.5 0 0.76 1.75 1.64 SW 
1 0 1 0 0.50 0 0.39 SF 

3.625 1.375 6 0.5 1.60 2.5 2.75 DO 

7 4.75 9 4 1.59 5 5.78 DD 

3 1 5 1 1.25 2 2.17 S 
5 3 7 3 1.25 4 4.17 RHR 

1 0 1 0 0.46 0 0.28 TER 

The final model obtained via the statistics of 18 

highways is introduced as 

 

N = LADT 1.8349exp ( -10.4873 - 0.4094 SW - 1.587 LW + 0.2886 RHR + 0.84 TER) (5) 

in which TER is set to 0 for flat terrain and it is considered 

as 1 for rolling  terrain. Therefore, according to Eq. (5) and 

for the same conditions of lane width, paved shoulder width 

and RHR, one can expect an amount of exp (0.84) more 

accidents for rolling terrain rather than the rolling terrain. 

However, this conclusion is solely achieved from the study 

of 18 highways from which only 65 km is rolling. During 

the simulation, several variables were discarded. The 

comparison between the effects of SF, S and DO with RHR, 

illustrated that the model including RHR is much better than 

the other one. For this reason, the three parameters S, SF 

and DO have been ignored from the final model due to the 

magnitude of their covariance value resulting from their 

intensive dependency to the RHR. 

DD has been also calculated as another parameter in the 

statistics where its average measurement was different for 

these highways in different segments. By adding this 

parameter to the final model, no desired results were 

obtained in terms of Z statistic (p-value=0.137) significant 

test. The independency of the model to this variable may be 

due to the diversity of the access points and also the 

differences among the each access’s traffic volume. In 

addition, the attraction for tourists in the holidays due to the 

fascinating landscape causing multiple stops beside the 

highways, so the number of accidents may not be sensitive 

to the mentioned variable. Eventually, this variable has been 

ignored from the final model. Table 2 gives the results 

obtained via the final model of Eq. (5) which resulted in the 

R2 value equal to 0.939. 

 
Table 2. The results obtained via the final model in the regression modeling 

TER RHR LW SW Ln(ADT) Constant  
0.1221 0.0391 0.2265 0.0690 0.1225 1.1280 Standard error 
0.000 0.000 0.000 0.000 0.000 0.000 P-value 

4. Base Model Calibration in the Accidents Prediction 

Algorithm and Their Comparison 

In the report release by Harwood and others [6], the 

calibration approach of the model is suggested for two 

different cases: with the availability of a comprehensive 

database with geometric design features related to the 

accidents or without such information for road agencies. 

The collected data for 18 highways during this research 

lack the information of the horizontal and vertical geometric 

parameters. However, they are classified regarding to the 

type of terrain (flat or rolling). According to the presented 

method in [6], the suggested number of accidents in this 

study was 677.45 per year, and while the average annual 

accidents has been predicted 932.23 per year. Dividing the 

total number of suggested accidents by the total number of 

predicted accidents (non-related-intersection accidents) in 

these highways, the calibration factor (Cr) would be 

obtained. Cr is obtained as 1.3628 and the calibrated base 

model is achieved by converting L in kilometer and 

applying Cr as 

 

Nbc=1.3628×365×10-6×1.61-1×L×ADT×exp (-0.4865) (6) 

in which L is the highway’s segment length in kilometer and 

ADT is the average daily traffic volume in terms of number 

of vehicles per day. In the nominal conditions, the base 

model obtained via the present regression approach for flat 

and rolling terrain cases are given as 
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Nbr = L.ADT 1.8349exp (- 16.0716)         for Flat      

Nbr = L.ADT 1.8349exp (- 15.2316)         for Rolling     

 

(7) 

 

The nominal conditions for the above two cases are 

Lane width of 3.6 m length, shoulder width of 1.8 m length 

and RHR=3. 

4.1. Comparison Between the Base Models Obtained Via 

the Calibration and Present Regression Approaches 

In order to arrive at the base model of Eq. (6), about 

2000 km of two-lane highways of the United States of 

America have been investigated. Whilst, only 246 km of 

two-lane ways are considered in the present study. For this 

reason, the model stated by Eq. (6) may statistically present 

better model in comparison with the model of Eq. (7). This 

is due to the available information extent for determining 

Eq. (6) which is likely to yield a more correct function of 

statistical sample from population in its area. By 

investigating the accidents rate within the frame of the 

accident number per million vehicle-kilometers as in Eqs. 

(8) and (9), one can indicated the better comparison. 

 

N bc / million vehicle - km= exp (- 0.6532)                                                                                                                                 (8)  

N br / million vehicle - km = ADT 0.8349exp (- 8.1560)  for Flat                                                                                      (9) 

N br / million vehicle - km = ADT 0.8349exp (- 7.3160)          for Rolling                                        

As would be observed, Eq. (9) is a function of ADT 

while Eq. (8) indicates a constant value. This means that for 

different values of ADT, the number of accident per million 

vehicle-kilometers of the highways changes and in fact, this 

number varies by the power of 0.8349 as ADT increases. 

4.2. The Comparison BetweenAccident Modification 
Factors Used in the IHSDM With Accident Modification 

Function Obtained From the Recent Regression For the 

Lane Width 

Regarding the regression modeling results and knowing 

that the AMFs may be achieved via the regression 

modelling according to Eq. (2), one can benefit from the 

model presented in Eq. (5) as a function for determining the 

modification factors. By introducing the available results 

corresponding to the AMFs of the variables used in the 

algorithm, the modification factors could be improved. 

Using Eqs. (5) and (2) under the aforementioned 

nominal conditions, the accident modification function of 

the band width is defined as 

AMF ( LW )  =
exp( −1.587 lw)

exp( −5.713)
 

(10) 

In order to compare the modification factors used in the 

prediction algorithm and accident modification function 

obtained via the regression, results are reported in terms of 

Table 3. Since the AMF value corresponding to the Lane 

width in the applied prediction algorithm in IHSDM 

software [7] is considered to be constant for the daily traffic 

volume amounts higher than 2000 vehicles per day, the 

results of the regression model are also given for traffic 

volume over this value. For comparison, Table 3 gives the 

results for four different values of lane widths which are 

equivalent to 9, 10, 11 and 12 ft, respectively. 

     As can be seen from Table 3, there is a significant 

difference between the AMF values of the base algorithm 

(regarding to the relative accidents) and modification 

factors function. In the accidents modification function of 

Eq. (10), no effect of ADT is seen and this can be a big issue 

for determining the modification factor associated with the 

lane width which shows varying behavior in different traffic 

volumes toward safety. Therefore, the obtained results from 

Eq. (10) do not separate the values for the traffic amount 

and the achievements are much greater than those obtained 
via IHSDM as a consequence. For this reason, the use of 

this AMF is not suggested for improving the results in the 

accidents prediction algorithm of IHSDM. Furthermore, the 

AMF values of the lane width which have been used in 

IHSDM are mainly based upon the before and after studies 

which was considered to be the best way of studying the 

AMFs. 

  Table 3. Comparison of the modification factors corresponding to the lane width 

3.6 3.3 3 2.7 Lane Width (m) 

1 1.02 1.11 1.18 AMF values used in IHSDM 

1 1.61 2.59 4.17 AMF obtained via the regression model 

4.3. The Comparison BetweenAccident Modification 
Factors Used in the IHSDM With Accident Modification 

Function Obtained From the Recent Regression for the 

Shoulder Width 

Using Eqs. (2) and (5) under the mentioned nominal 

conditions, the AMF function corresponding to the shoulder 

width is given as below 

AMF ( sw )  =   
exp( −0.4094𝑠𝑤 )

exp( −0.7369 )
 (11) 

Table 4 gives the comparison of the modification factors 

used in the prediction algorithm and accident modification 

function obtained via the regression.Similar to the case of 

Lane width, the AMF value corresponding to the shoulder 
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width in the applied prediction algorithm in IHSDM 

software is considered to be constant for the daily traffic 

volume amounts higher than 2000 vehicles per day [7]. The 

results of this table are given for shoulder widths of 0, 0.6, 

1.2, 1.8 and 2.4 m and considering a composite shoulder 

(50% turf and 50% gravel). It is saying that the nominal 

condition is assumed to be the paved shoulder and width of 

1.8m. The coefficients obtained from Eq. (11) are converted 

to the values of Table (4) for the shoulder pavement using 

the available coefficients in [6]. 

Table 4. Comparison of the modification factors corresponding to the shoulder width 

2.4 1.8 1.2 0.6 0 Shoulder width (m) 
1.02 1.04 1.09 1.13 1.18 AMF values used in IHSDM 
0.72 1.04 1.32 1.67 2.09 AMF obtained via the regression model 

As it is observed, the difference between the results 

corresponding to the zero shoulder width is significant 

(about two times). The effect of ADT is also ignored in 

calculating this modification factor in the regression model. 

However, generally speaking the differences between AMF 

values are not so much and this would not conclude that the 
obtained results are unreasonable. Also, the studies carried 

out for determining AMF corresponding to the shoulder 

width and the type of used shoulder in IHSDM are mainly 

based upon the before and after accident studies which was 

considered as the best way of studying AMFs. 

4.4. The Comparison BetweenAccident Modification 
Factors used in the IHSDM With Accident Modification 

Function Obtained From the Recent Regression for the 

RHR 

Using Eqs. (2) and (4) and under the mentioned nominal 

conditions, the AMF function corresponding to the RHR is 

given as below 

AMF ( RHR )  =
exp( +0.2886𝑅𝐻𝑅)

exp( 0.8658 )
 

(12) 

A comparison between the modification factors used in 

the prediction algorithm in IHSDM [1, 7] and accident 

modification function obtained via the regression model of 

Eq. (12) is illustrated by Table 5. The important point during 

the calculation of this modification factor is the 

implementation of the applied regression models for the 

base model which has been performed in both procedures 

instead of before and after studies. The results of Table 5 

clarify that the AMF values obtained via the regression 

model are higher and the roadside design has more 

significant role in the accident numbers of these highways. 

 

Table 5. Comparison of the modification factors corresponding to the RHR 

7 6 5 4 3 2 1 RHR 

1.31 1.22 1.14 1.07 1 0.94 0.87 AMF values used in IHSDM 

3.17 2.37 1.78 1.33 1 0.75 0.56 AMF obtained via the regression model 

5. Conclusions 

The value of calibration coefficient obtained via the 

calibration procedure of the understudy highways (1.3628), 

points outs to the risk-taking pattern of the driving style and 

difference in vehicles type and also some unknown factors 

considered here compared to the base model obtained from 

the United States of America [1]. The comprehensive form 

of the base model with powered ADT is capable of 

predicting the accident rates per million vehicle for various 

traffic volumes. In fact, the presence of the powered ADT 

(ADT to the power of 1.8349 in Eq. (7)) in the base model 

can present a better graph of the safety behavior of the two-

lane highways in this region. The AMF obtained via the 

present regression model related to the roadside design 

meets more validity rather than the modification factor used 

in the accidents predictive algorithm of the two-lane 
highways in the flat or rolling terrains of this region. This 

further credit is in terms of the extraction way of this AMF, 

as the two procedures are based on the regression model 

used in the base model. The difference is that the regression 

model obtained from Guilan district meets more credits for 

this area. 
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