
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075 (Online), Volume-8 Issue-4, February 2019 

632 

Published By: 

Blue Eyes Intelligence Engineering 

and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

Retrieval Number: D2873028419/19©BEIESP 

Journal Website: www.ijitee.org 

  

Abstract: Road design elements are some of the key factors 

influencing road user behaviour and road safety on roads 

worldwide. The study developed fatal crash predictive Negative 

Binomial Regression (NBR) models that identified statistically 

significant relationships between the combination of road design 

elements (radii and number of horizontal curves, hard shoulder 

widths, traffic operating speeds, road length and access control) 

selected for the study and the fatal crashes rates on the selected 

roads on the Namibian rural road network. The crash predictive 

NBR models developed indicated that the combination of the 

various selected road design elements had significant influence 

on the fatal crash rates, with various correlation magnitudes on 

roads with various lane widths. The study results brought to the 

fore the impact that interactions between selected road design 

elements has on existing road design and maintenance methods 

in Namibia. The NBR fatal crash models will assist transportation 

engineers in identifying hazardous road sections and 

implementing the appropriate remedial measures to reduce crash 

risk levels sustainably. 

 

Key words: Crash modelling; fatal crashes; negative binomial 

regression; road design elements; road safety 

I. INTRODUCTION 

Over the past twenty years up until 2018, road crash 

modelling has attracted great research interest in identifying 

statistically significant relationships between road design 

characteristics and the crash rates on the roadways, due to its 

vital practicality and wide range of applications. 

Road crash modelling can be useful for identifying road 

sections prone to a high frequency of road crashes and high 

injury severities, while determining the factors significantly 

influencing the occurrence of road crashes. Information on 

the factors significantly influencing the occurrence of road 

crashes is vital for transportation authorities to identify 

appropriate remedial measures to combat and reduce crash 

injury severities on the roadway. A combination of various 

factors shown in Figure 1 influences the occurrence of road 

crashes. 
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Fig. 1: Contributing factors to road crashes 

Traffic safety can be influenced by improving the 

geometrical aspects of the roadway system, together with 

developing and enforcing traffic rules, and educating road 

users on the importance of road safety (Čičković, 2016). 

Several studies have shown that improvements to the design 

of the roads can significantly reduce the frequency of road 

crashes (Gaudry and Vernier, 2002; Deller, 2013; Jaiswal 

and Bhatore, 2016). 

This paper examined the relationship between the fatal 

crash rates and rural roadway geometry on the most 

hazardous roads in Namibia, using a thorough parametric 

statistical modelling technique known as Negative Binomial 

Regression (NBR). The main goal of this paper was to 

develop a quantitative and mathematically sound method 

that assesses the significance of the relationship between 

rural roadway geometry and fatal crash rates. 

II.  BACKGROUND 

Traffic safety is a major concern in developing countries. 

The road system encompasses the road users, vehicles 

operated on the roads and the road environment within which 

they operate (Krug and Sharma, 2009). Karlaftis and Golias 

(2009) report that the safety of the roadway is dependant on 

the interplay of several key factors, among which is the 

ability of the roadway geometry to communicate crucial 

information to drivers, to enable drivers to adopt and adjust 

their driving accordingly without compromising their safety 

and the safety of all road users. Several studies have shown 

that road geometry affects drivers’ behaviour and has a 

significant impact on fatal crash rates (Woolley et al., 2002; 

Porter et al., 2012; Othman and Thomson, 2007). 

The combination of various roadway design elements can 

have a significant impact on drivers’ perceptions and 

behaviour (Dwikat, 2014). One of the key road safety risk 

factors affected by drivers’ perceptions of road safety is 

driving speed. Driver speed selections are based almost 

exclusively on information communicated by road design 

elements.  
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More, where vertical and horizontal curves overlap, a 

reduction in sight distances is observed and erroneous driver 

perceptions are evident (Hagenzieker et al., 2014). The 

combination of a crest vertical curve and horizontal curve 

results in drivers selecting lower speeds, as drivers mostly 

perceive these curves to be less sharp (Easa et al., 2007). 

Garcia and Abreu (2016) indicated that the curvature of the 

roadway significantly impacts drivers’ perceptions of risk. 

Thus, straight roads are perceived as less risky despite the 

risks of driver fatigue on lengthy straight road sections.  

Vayalamkuzhi and Amirthalingam (2016) study on 

geometric characteristics indicated that road design variables 

and combinations of some of the variables have a significant 

impact on traffic safety on the roads. The radii of horizontal 

curves were found to have a statistically significant impact 

on traffic safety, while estimating the 85th percentile 

operating speed on two-lane two-way rural roadways (Taylor 

et al., 2000). 

Researchers have found that road characteristics such as 

lane widths, shoulder widths, access control and average 

annual daily traffic (AADT) contribute to the frequency of 

fatal crashes (Dwikat, 2014; Garber and Hoel, 2009; Persia 

et al., 2016). Road sections with high AADT, more road 

lanes and higher posted speed limits were identified as 

having higher road crash rates and higher injury severities 

(Karlaftis and Golias, 2002). 

Several studies have shown that wider road and lane 

widths have a negative effect on driver behaviour (Dwikat, 

2014; Iyinam et al., 1997; Ahmed, 2013). Drivers’ speed 

selections and fatal crash rates are higher on wider road and 

lane widths, compared with lower speed selections and fatal 

crash rates on narrow road and lane widths (Deller, 2013). 

Narrow shoulder widths were found to be associated with 

negative driving behaviour on road sections (Dehuri, 2013). 

Ben-Bassat and Shinar (2011) found that due to visual cues 

that indicate narrow lane widths on roads with narrow 

shoulder widths, drivers tend to steer away from the hard 

shoulders and drive close to the centre of the road, increasing 

the chances of being involved in a head on collision. Higher 

speed selections were observed on wider hard shoulders and 

lane widths as drivers’ perceived a sense of security and 

chances to correct driver errors should they occur 

(Mohammed, 2013). 

The use of multiple linear regression in road crash 

modelling suffers from repeated practical inconsistencies 

and logical limitations, due to the random nature and 

occurrence of fatal crashes. Several studies have overcome 

these shortcomings by using Poisson Regression models, 

which is a good alternative for events that occur 

independently and randomly over time (Taylor et al., 2000; 

Mohammed, 2013). The restrictions with Poisson 

Regression is that it assumes that the variance and mean of 

the dependant variable are equal. This condition, when 

violated, invalidates the t-test parameter estimates (Gaudry 

and Vernier, 2002). Negative Binomial Regression (NBR) 

models overcome this limitation by allowing for the variance 

of the dependant variable to be greater than the mean 

(Vayalamkuzhi and Amirthalingam, 2016). Therefore, NBR 

models are instrumental in analysing the safety of roadways 

by identifying relationships between road crashes and road 

characteristics. 

In this paper, ten locations with the highest fatal crash 

rates on the Namibian rural road network were identified for 

the study. The historical crash databases, road traffic data 

and geometric characteristics of the study sections were used 

to develop predictive crash models for the study locations.  

III. DATA AND METHOD 

3.1 Data 

Information from three existing rural road databases for 

the period 2013 to 2016 were used for the study. Road crash 

and injury severity data was obtained from the Motor 

Vehicle Accident (MVA) Fund of Namibia and the National 

Road Safety Council (NRSC) of Namibia. Rural road 

geometric and traffic information was sourced from the 

Roads Authority (RA) of Namibia. 

To prevent inconsistencies arising in the data and the 

analysis, two-lane two-way rural roadways that had remedial 

geometric work or geometric upgrades during the study 

period 2013 to 2016 were excluded from the NBR analysis. 

Table 1 shows the road design variables selected for the 

study, on which adequate information was provided by the 

RA of Namibia for the NBR analysis.   

Table 1: Road Design Variables used in the NBR Analysis 

Road Variable Units Variable Description 

Annual Average Daily 

Traffic (AADT) 

Total Veh/ 365 

days 
Total volume of vehicles using a study section per year 

85th Percentile Operating 

Speed 
Km/ hour Speed at/ below which 85% of the drivers operate 

Number of lanes Count 
The number of dedicated roadway portions for a single line of 

vehicles to travel. 

Lane width Metres The width of the road portion dedicated for a single line of vehicles. 

Shoulder width Metres The width of the roadway portion adjacent to the travelling lanes 

Access Control Count 
The number of access points available for drivers to access road 

adjacent land uses. 

Horizontal Curves Degree 
Curves that facilitate a smooth transition when drivers change 

direction on the road. 

Section Length km The length of the rural road section traversed by vehicles 
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3.2 Method 

Existing road fatal crash and road geometric information 

databases were used to develop predictive crash models and 

analyse the relationship between fatal crashes and road  

geometric characteristics for the study period 2013 to 

2016. 

Two-lane two-way rural road sections with the highest 

fatal crash rates were identified from the Namibian road 

network as shown in Table 2. 

Figure 2 shows the fatal crash frequency on the Namibian 

rural road network over the study period 2013 to 2016. 

Joanne (2013) recommended an average minimum threshold 

of 5kms on the single carriageways from an urban 

environment as a starting point for the crash risk level 

assessment on rural roads. Road sections with fewer than 20 

fatal crashes over the three-year study period were not 

considered for the NBR analysis, as the variation in the 

frequency of fatal crashes can become too large.  

  

Table 2: Ten Worst Rural Roads in Namibia (2013-2016) 

No. Road Segment Road 

Length(km) 

No. of Fatal 

Crashes 

Fatal Crashes/ 

Km 

Crash Rates i 

1 T0112 35.80 50 0.84 0.22 

2 M0092 24.80 20 0.81 0.06 

3 T1002_1 36.61 26 0.71 0.29 

4 T0106 64.42 39 0.61 0.03 

5 T0111_1 92.26 53 0.57 0.27 

6 T0111_2 61.82 33 0.53 0.12 

7 T0105 73.58 34 0.46 0.07 

8 T1002_2 99.75 39 0.39 0.21 

9 T0107 164.60 62 0.38 0.13 

10 T0110 84.95 29 0.34 0.24 

 

 
Fig. 2: Fatal Crashes Distribution on the Namibian 

Rural Road Network (2013-2016) 

The study used a parametric data analysis methodology 

known as Negative Binomial Regression, shown in Equation 

(1) that allows for the variance of the dependant variable to 

be greater than the mean. NBR was used to develop 

predictive crash models and analyse the relationship between 

fatal road crashes and road design variables in the study.  

ln =𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2 +⋯+ 𝛽𝑝𝑥𝑝                               (1) 

Where the predictor variables 𝑥1 , 𝑥2 ,…..,𝑥𝑝are given for 

the analysis, and the population regression coefficients β_0, 

𝛽0 , 𝛽1 , 𝛽2 ,….., 𝛽𝑝 are to be estimated for the Negative 

Binomial Regression Model. 

In NBR, the probability value (p-value) determined by the 

F-test performed indicated the significance of the 

relationship between fatal crash rates and the road design 

variables selected for the predictive crash models. The 

strength of the relationship indicated by the correlation 

coefficient R2 was considered statistically significant if the 

p-value was equal to 0 up to 5 percent difference from zero. 

IV.  RESULTS AND DISCUSSION 

The effects of the interaction of selected road design 

variables on the fatal crash rates were analysed using the 

predictive Negative Binomial Regression (NBR) models 

developed. Using lane widths as the main split criteria in the 

analysis, the covariate effects on road sections with lane 

widths greater than 3.5m were compared with the effects on 

road sections with lane widths equal to or less than 3.5m. The 

combination of all the covariates (Road length, lane width, 

number of horizontal curves, radii of the horizontal curves, 

hard shoulder width, 85th percentile speed and access 

control) on the road sections was found to have a statistically 

significant effect on fatal crash rates on all the study sections, 

as the p-values were less than the statistical alpha value of 

0.05. 

4.1 Lane widths > 3.5m road sections 

The NBR model for the combination of all covariates on 

road sections with lane widths greater than 3.5m, statistically 

significantly (p value= 0.000  0.05) accounted for 95.04% 

of the variance in the fatal crash rates. The combination of all 

covariates’ results showed that the 85th percentile speed 

had a statistically significant positive correlation (p value= 

0.000< 0.05; B= 0.350) with fatal crash rates, while lane 

widths had a statistically significant negative correlation (p 

value= 0.039< 0.05; B= -3.208) with fatal crash rates. 

The combination of lane widths and hard shoulder widths 

was statistically significantly (p value= 0.000< 0.05) 

accounting for 84.05% of the variance in the fatal crash rates, 

with the NBR model showing significant negative 

correlation (p value= 0.000< 0.05; B= -15.4229) between 

hard shoulder widths and fatal crash rates. 
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The NBR model results showed that lane widths, together 

with the horizontal curve radii and the 85th percentile 

speeds, statistically significantly (p value= 0.000< 0.05) 

accounted for 95.32% of the variance in the fatal crash rates,  

with a statistically significant negative correlation indicated 

by the horizontal curves radii (p value= 0.007< 0.05; B= 

-0.003) and the lane widths (p value= 0.025< 0.05;  

B= -3.254), while the 85th percentile speeds (p value= 

0.000< 0.05; B= 0.341) showed a positive correlation. 

Results further showed that the combination of the 

horizontal curves radii and the number of horizontal curves 

on the study section was statistically significantly (p value= 

0.000< 0.05) influencing fatal crash rates, accounting for 

85.26% of the variance in the fatal crash rates The number of 

horizontal curves exhibited a significant positive correlation 

(p value= 0.03< 0.05; B= 0.2955) with fatal crash rates, 

while the radii of the horizontal curves indicated a significant 

negative correlation (p value= 0.0012< 0.05; B= -0.0071). 

The results indicated that the combination of access 

control and road length on the road sections with lane widths 

greater than 3.5m had a statistically significant (p value= 

0.0024< 0.05) influence on the fatal crash rates, accounting 

for 41.46% of the variance in fatal crash rates. The level of 

access control had a significant positive correlation (p value= 

0.0006< 0.05; B=0.9993) with fatal crash rates on the road 

sections. Table 3 shows the relationships and correlations 

found by the developed crash predictive NBR models for 

sections with lane widths greater than 3.5m.  

 

Table 3: NBR Models Information on Roads with Lane Widths Greater than 3.5m 

Road Variables 

Combinations 

Statistically 

Significant 

Variable 

Variable P 

Value 

Variable B 

value 
Model P value 

Model Adjusted 

R2 

All Covariates 
Speed 0.0000 0.350 

0.000 0.9504 
LW 0.0390 -3.208 

LW ii& SW iii GSW 0.0000 -15.4229 0.000 0.8405 

LW, HCRAD 
iv&OpSpeedv 

LW 0.0250 -3.254 

0.000 0.9532 HCRAD 0.0070 -0.003 

OpSpeed 0.0000 0.341 

HCNUM vi& 

HCRAD 

HCNUM 0.0300 0.2955 
0.000 0.8526 

HCRAD 0.0012 -0.0071 

AC vii& Length AC 0.0006 0.9993 0.0024 0.4146 
1 LW represents the Lane Width 
1SW represents the Shoulder Width 
1HCRAD represents the Radii of the Horizontal Curves 
1OpSpeed represents the 85th percentile speed 
1HCNUM represents the Number of Horizontal Curves 

1AC represents the access control on the road sections 

4.2 Lane widths ≤ 3.5m road sections 

Statistical analysis using NBR models showed that the 

combination of all covariates had a statistically significant (p 

value= 0.0012< 0.05) influence on the fatal crash rates on 

road sections with lane widths equal to or less than 3.5m, 

with the model accounting for 68.69% of the variance in fatal 

crash rates. On road sections where all covariates were 

combined, the lane width had a significant negative influence 

(p value= 0.001< 0.05; B= -17.961) on the fatal crash rates. 

Results showed that the combination of lane widths, 

horizontal curves radii and hard shoulder widths 

significantly (p value= 0.000) accounted for 75.15% of the 

variance in fatal crash rates on the road sections, with the 

lane widths (p value= 0.000< 0.05; B= -18.3834) and hard 

shoulder widths (p value= 0.007< 0.05; B= -1.4680) having a 

significant negative influence on the fatal crash rates. 

The combinations of access control and road length on 

road sections had a significant influence (p value= 0.033< 

0.05) on the fatal crash rates, accounting for 19.76% of the 

variance in fatal crash rates. The NBR model results 

indicated that despite the combination of the two covariates 

significantly influencing fatal crash rates, the access control 

individually in the NBR model had a significant positive 

influence (p value= 0.011< 0.05; B= 1.0277) on the fatal 

crash rates. 

The NBR model showed that the number of horizontal 

curves combined with the road length significantly 

influenced (p value= 0.017< 0.05) the fatal crash rates on 

sections with lane widths equal to or less than 3.5m, 

accounting for a low 24.75% of the variance in the fatal crash 

rates. The road length (p value= 0.024< 0.05; B= 0.1999) and 

number of horizontal curves (p value= 0.004< 0.05; B= 

0.4863) were indicated by the NBR model to have a 

significantly low positive correlation with fatal crash rates on 

the road sections. Table 4 provides information on the 

developed crash predictive NBR models for study road 

sections with lane widths equal to or less than 3.5m.  

 

Table 4: NBR Models Information on Roads with Lane Widths Equal to or less than 3.5m 

Road Variables 

Combination 

Statistically 

Significant 

variables 

Variable P Value Variable B Value Model P Value 

Model 

Adjusted 

R2 

All Covariates LW 0.001 -17.961 0.0012 0.6869 
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LW, HCRAD and 

SW 

LW 0.000 -18.3834 
0.000 0.7515 

GSW 0.007 -1.4680 

AC & Length AC 0.011 1.0277 0.033 0.1976 

HCNUM & 

Length 

HCNUM 0.004 0.4863 
0.017 0.2475 

Length 0.024 0.1999 

V.  CONCLUSIONS 

The study developed crash predictive Negative Binomial 

Regression models and examined the effects of road design 

variables on the safety of the roadways. 

The crash predictive NBR models developed showed that 

certain combinations of road design variables on the road 

sections were statistically significant in influencing the crash 

risk level on the study sections. 

On roads with lane widths greater than 3.5m, the lane 

widths and 85th percentile speeds were found to significantly 

influence the fatal crash rates when combined with all the 

covariates in the study. The NBR model indicated that a high 

significant correlation exists between the fatal crash rates 

and all the covariates on the road study sections. 

The interaction between lane widths and shoulder widths 

had a high significant correlation with fatal crash rates, with 

shoulder widths significantly influencing the frequency of 

fatal crashes on the road sections. Several studies (Karlaftis 

and Golias, 2009; Abele and Møller, 2011) have indicated 

that hard shoulder widths have an effect on the visual cues 

received by drivers. Narrow shoulder widths make the road 

lanes seem narrow, while wider shoulder widths make the 

road lanes seem wider, therefore impacting drivers speed 

selections on the road sections. 

The interaction between the lane widths, radii of 

horizontal curves and the 85th percentile speeds on roads 

with lane widths greater than 3.5m influenced fatal crash 

rates with a high significant correlation. Increasing the lane 

width by one unit significantly reduced the log count of fatal 

crash rates on the study road sections. Previous studies 

(Dwikat, 2014; Gaudry and Vernier, 2002) found lane widths 

to have a significant impact on fatal crash rates, even though 

it was examined separately from other road design variables. 

On road sections with lane widths greater than 3.5m, the 

combination of the radii and number of horizontal curves had 

a significantly high correlation with fatal crash rates. Several 

studies (Iyinam et al., 1997; Mohammed, 2013) have 

indicated that the drivers’ speed selection on horizontal 

curves are lower in comparison to other road design 

elements, despite a high frequency of fatal crashes on 

horizontal curves. 

The interaction of access control and the road length on 

the road sections had a significantly low correlation with 

fatal crash rates. Even though the combination of the two 

predictors was statistically significant, only the access 

control predictor significantly influenced the fatal crash rates 

in the crash predictive NBR models. In contrast, a previous 

study by Alsubeai (2017) showed that access control had a 

significant and high correlation impact on fatal crash rates, 

when combined with traffic volumes on the road sections. 

On road sections with lane widths equal to or less than 

3.5m, the interaction between all the covariates in the study 

had a significant correlation with fatal crash rates on the 

sections, with the NBR model indicating that the lane widths 

predictor had a significant impact on fatal crash rates. A 

one-unit increase in the lane widths resulted in a 

considerable decrease in the frequency of fatal crashes. 

The interaction between the lane widths, shoulder widths 

and the radii of the horizontal curves had a significantly high 

correlation with fatal crash rates on road sections with lane 

widths equal to or less than 3.5m. The NBR model showed 

that lane widths and ground shoulder widths predictors 

individually had a significant influence on fatal crash rates 

on the road sections. More interestingly, the radii of 

horizontal curves did not have a significant impact on fatal 

crash rates in the NBR model. Previous studies (Yingxue, 

2009; Porter et al., 2012) that examined the effect of 

horizontal curves radii on fatal crash frequencies, indicated 

that it played a key role in driver behaviour, expressed 

through speed selections and fatal crash rates on the road 

sections. 

The combination of the access control and road length on 

road sections with lane widths equal to or less than 3.5m had 

a significantly low correlation with fatal crash rates on the 

road sections, with the access control individually having a 

significant influence on fatal crash rates. 

Less obvious and more surprising, the NBR models 

showed that the interaction between the number of horizontal 

curves and the length of the road sections significantly 

influenced fatal crash rates, despite the low correlation. 

The study findings demonstrated that road design 

elements have more significant correlations on roads with 

lane widths greater than 3.5m than on those with lane widths 

equal to or less than 3.5m. The study indicated that the radii 

of the horizontal curves and the 85th percentile speeds 

predictors were individually significant in the NBR models 

in influencing fatal crash rates, on road sections with lane 

widths greater than 3.5m. The results indicated that the 

interaction between selected road design variables plays a 

key role in influencing fatal crash rates on the road sections. 

The study findings have demonstrated that alternative 

road design methods that take into account the impact of the 

interaction of road design variables on crash risk levels 

should be investigated and considered for development. 
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