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Abstract  The purpose of this study is to analyze and model the road crashes in Angola at national road wide network and 

to compare fatalities and injuries in road traffic crashes (RTCs), RTCs have been serious matter around the world and for 

Africa is a major cause of morbidity and mortality. Moreover, burden on road accidents in Angola makes the authorities 

taking serious precautions as every year thousands of people face fatality and various injuries, taking consideration of data 

obtained from a historic road accident of the period of 2013-2017 by the Angolan Traffic Police, a total of 70579 Crashes 

were reported which led to 17786 fatalities and 69587 Injuries, a Poisson regression model is used to analyze the contributing 

factors, and Analysis shows that the distribution of road accidental deaths and injuries in Angola Varies according to various 

types of crash Patterns. The results of this study can be used by National Authority and Ministry of Transportation as an input 

for formulation insight on road safety recommending general to take appropriate countermeasures for enhancement of traffic 

safety on national road network.  
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1. Introduction 

Across the globe the dramatic increase of road traffic 

crashes (RTCs) have been seen as a serious and worrying 

phenomenon, leading to innumerous fatalities and injuries, 

Global Status Report on Road Safety stated that the road 

traffic deaths have reached 1.35 million people around the 

world and millions more are injured or disabled every year, 

with the highest rates in low-income countries and for Africa 

is a major cause of morbidity and mortality [1]. From the 

point of view of/for Koptis and Cropper [2] the RTCs have 

been decreasing in high-income countries while they have 

been increasing in the low and middle-income (LMIC) 

countries. Likewise Bishai et al. [3] stated that many Low 

Income Countries are prompt to high road fatalities and 

injury compared to wealth countries when some road traffic 

factors increases, therefore to understand the regional 

context of the community for the development of Africa in 

detail, studies carried out by the World Health Organization 

(WHO) and other bodies rated that mortality from road 

accidents will surpass various kind of diseases such as: 

malaria, tuberculosis, and HIV/AIDS and predicts that by  
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2030 RTC injury will become the fifth leading cause of death 

worldwide if countries do not consider as a serious matter  

to be solved [4]. Many developed countries have already 

been dealing with the reduction of high road crash by 

implementing many methodologies that researchers have 

discover throughout the years and there have been a 

significant reduction when modeling road safety [5], low and 

middle income countries have a serious/severe crisis not 

only in economy but as well in RTCs rates that is due to 

many factors contributing to it, the most frequent are over 

speeding, non-compliance with traffic rules, as well as 

driving under the influence of alcohol, but others such as 

poor road public lighting, poor state of the roads, for this 

reason there have been witnessing a high number of 

accidents that could easily be avoided, according to the 

WHO Global Status Report on Road Safety mortality rate 

adjusted for each country in the (SADC) Southern Africa 

Development community can be measured, whose highest 

rates underlines: Malawi 35.0%, Congo 33.2%, Tanzania 

32.9%, Mozambique 31.6%; Madagascar 28.4%, Zimbabwe 

28.2%, Lesotho 28.2% and for Angola the source presents 

the rate 26.9 per 100,000 inhabitants, corresponds to 5,769 

dead (+ 1,464) the number of fatalities resulting from road 

accidents it is a burden to almost everyone [6], this is 

submitted to the Socio-economic and cultural characteristics 

of each country, despite the number of crashes in the past 3 

years keep reducing but still a lot to work so that they could 

reach to the level of developed countries. Jacobs and Cutting 

[7] in their study “Further Research on Accident Rates in 
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Developing Countries” found that African and Asian 

countries suffer high road traffic crashes (RTC) that is 

because of the same factors mentioned above that contributes 

to these road crashes.  

The purpose of the recent study is to carried out and 

identify the factors that contributes to high RTCs in Angola 

respectively, we analyze the data of evolution of the 5 years’ 

period shows oscillation of accidents, fatality and injuries, 

but with positive incidences of (reductions) in the years, 

2016 and 2017, as can be seen in (Table 1): 

Table 1.  Distribution Road Accident Statistics of Angola National Road 
Network: 2013-2017 

YEARS TOTAL CRASHES FATALITIES INJURIES 

2013 17262 4305 16027 

2014 17140 4234 16494 

2015 15122 3802 14695 

2016 10831 2845 11366 

2017 10224 2600 11005 

National road network crash counts of Angola for the year 2013 – 2017 is given 

in Table 1. A total of 70579 Crashes were reported for the five years’ period, out 

of it 17786 fatalities and 69587 Injuries respectively. 

2. Literature Review 

This chapter consists of literature review of various 

studies on crash frequency analysis and Identification of 

factors that contribute in the occurrence RTCs. It was found 

from the past researches that road crashes generally are 

caused of different domains most specially this 3 factors 1) 

Human factors, 2) Road factors and 3) Vehicular factors. The 

ways in which these factors affect the Road Traffic is 

dynamic nature and changes with different scenarios faced in 

the course of transportation, several studies have sought to 

understand this phenomenon, and the behavior of drivers has 

been identified as the main cause of accidents as Shinar [8] 

stated that 60 % of maximum percentage of accidents is 

related to driver or human errors, in another words human 

factor are considered to cause comparatively more RTCs 

compared to others factors. They may generally arise due to 

poor training in driving schools (practical and theoretical 

component), poorly acquired driving licenses, low schooling 

of many motorists and little accuracy in exams (carelessness 

driving), fatigue and long hour driving (negligence). Others 

are also related to this crashes are the lack of preparation for 

night driving, non-compliance with the rules of the Road 

Code, excessive consumption of alcoholic beverages 

(drunk-drive) and other drugs that reduce capacity and 

dexterity. Over speeding is consider one of the main factor 

which stands for the reckless and careless high speed driving 

habit of a driver. Therefore, to better understanding the 

factors responsible for road crashes is mandatory for 

reducing overall crash rate various studies suggest that 

over-speeding increases the likelihood of RTF [9,10]. Many 

efforts have been made internationally in terms of reasonable 

statistical prediction models of automobile crashes and 

modeling road safety, the fundamental objective of these 

prediction models is to evaluate the anticipated safety 

performance on the road traffic. They even help to determine 

the candidate sites for maintenance and improvement 

activities which in turns is evaluated using engineering 

principles for remedial measures through the results found.   

The rapid increase in population and vehicular traffic has 

brought about an increase in the accidents too [2]. In another 

words an increase in population regularly increases the 

number of cars in the roadway, past studies related to  

crashes shows that population is a significant factor to 

fatalities to an excessive mass of traffic Kopits and Cropper 

[2] analyzed a data from 88 different countries within the 

years (1963–1999), stating the relationship between traffic 

mortality with other two indicators, the motorization rate 

(V/P) and the fatality risk (F/V, i.e. fatalities per vehicle), 

Singh [11] showed that population of India is on high scale 

of to traffic crashes due to the high amount of motorization 

and the relationship between vehicle ownership rate and 

fatalities per population. Moreover, to capture the effect of 

increasing Population with limited resources. Another 

great/significant factor that researches prove that influences 

the road fatalities is GDP, Gross Domestic Product mainly 

measures the monetary value of goods and services produced 

in a country. Growth in economy tend to results to RTCs 

fatality rate, although better economy can drive sustainable 

development in a country, this indicator would have provide 

better facilities like, good/excellent infrastructures, roads, 

signalizations, lights, and so many new technologies that 

would have helped to give enough information and to direct 

drivers to the right destination, developing countries 

intensifies there are research efforts on having roads and 

vehicles safer, this has allowed RTC fatalities and injuries to 

decrease [12], but LMIC countries most especially African 

countries struggle to have accurate data, due to this lack of 

information in several key areas, it may not help to identify 

the most prominent problems and deep/in-deph study to 

implement actions to reduce the road traffic crashes, 

although GDP is the most widely used indicator for road 

traffic accidents as Kopits and Cropper [13] shows in his 

research about how motorization rates have grown with 

income over time for a sample of countries, it can sometimes 

provide misleading signals as to whether a country is on a 

sustainable development trajectory. Moreover, the sustained 

growth of many countries can lead better and reliable when 

there is better road safety, for Sub-Saharan Africa, gross 

national does not reflect the depreciation and depletion in 

road crashes, Bishai et al [3] analyzed a data from 41 

countries over the period of 5 years/countries over five 

years (1992–1996) crashes, through his studies he stated that 

LMIC are subjected to an increase of injuries and fatalities 

when GDP per capita increases and for high income 

countries (HIC) it decreases the road fatalities but for injuries 

it increases as he used some indicators related such as: 

numbers of vehicles, oil consumption, population, and 
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Roadway. 

As mention previously increasing in vehicle are generally 

understood to be one of the major factors leading to high 

rates of road traffic accidents, Kopits and Cropper [2] stated 

that traffic fatality risk and fatalities is the product of 

vehicles per person(V/P), it always increases with economic 

growth, no doubts with the increasing amount of motor 

vehicle, accidents also tend to increase in road traffic due to 

the concerned of poor technical conditions of vehicles, 

including brakes, lighting, bad-condition tires, poor vehicle 

maintenance and poor service of workshops. O’Donnell and 

Connor [14] made an effort to explore to applied ordered 

probit model and ordered logit model while using the police 

reported crash data of 1991 for New South Wales, Australia. 

The conclusion reveals that older vehicles are relatively 

more exposed to fatality. In 2005, Khorashadi et al. [15] 

considered using a four years crash data while developing 

multinomial logit model for California and they concluded 

that cars with model year of 1981 or older are more likely to 

involve in RTFs, for proper enhancement of road traffic 

safety, both frequency and severity analysis of RTCs are 

equally important. Numerous efforts have been made to 

understand the association between explanatory factors; 

driver and vehicular characteristics, most used statistical 

approach to investigate the road fatalities associated with 

commercial vehicles, driver’s driving behaviors and fatigue, 

seat belt usage, alcohol usage and vehicle mechanical faults 

were used as explanatory variables in their research. Authors 

concluded that not using seat belt, vehicle mechanical faults 

and alcohol usage are the main cause of high number of road 

traffic crashes. some researchers used different ways to 

prevent road crashes among them logistic regression used by 

[16], bivariate models [17], multinomial and nested logit 

structures [18,15] and discrete ordered probit model [14] are 

all directly associated with population and vehicle number. 

Oil consumption is mentioned by many researchers that 

are significant in road traffic crashes, Antoniou et al., [19] 

used different methods to understand various economic 

situation (such as number of vehicles and fuel consumption), 

his results was not available for exposure, but it was clear 

that fuel consumption could affect the traffic in one way or 

another, oil consumption per capita, contribute in many 

times to traffic deaths and in another hand tends to increases 

with economic growth [3]. Oil consumption it seems to be a 

good indicator for researchers to investigate about traffic 

crash, due to the impact that it has on vehicles and to the 

economy of a country [20]. Earlier studies also mention of 

how important its oil consumption is to the population [2]. 

When we consider a crash data we are often 

certain/confident that are count data models, and through 

many researcher’s studies we have found many ways to 

solve crash frequency depending on the crash count data, 

using different statistical modeling researcher mention 

Poisson regression model as one of the main tools to solve 

crash count model, and many others they mention it is a 

starting point for most statistical models [21-23]. Moreover, 

the count-data models which have been developed for the 

crashes frequency that overcome possible over-dispersion 

and many others factors include; Negative binomial model 

[24,25], Poisson lognormal model [26,27] gamma model [28] 

generalized Poisson model [29] and many others models. 

3. Data Preparation 

This study is carried out to retrieved a confidential data 

from the National Road and Traffic Directorate (Direcção 

Nacional de Viação e Trânsito - DNVT) annual report which 

are responsible to record the road traffic crashes for the 

Angola Road wide network, registered motor-vehicles, 

number of RTCs and consequent annual RTC fatality and 

injuries based on reported data of last five years (2013-2017), 

by taking the Average number of crashes in the 2 years’ 

period, we are to predict the contributing causes and to 

compare fatalities and injuries in road traffic crashes.  

3.1. Road Traffic Data 

The number of road traffic fatalities, injuries and 15 

contributing causes variables were summarized from the data 

as shown in Figure 1 and Figure 2.  

 

Figure 1.  Frequency causes distribution Trends in Fatalities for RTCs 

 

Figure 2.  Frequency causes distribution Trends in Injuries for RTCs 

The descriptive statistics shows clearly that for both 

comparison of frequency distribution of crashes on the 

basis/ based of different causes illustrates that over speeding 

is the first cause of fatalities and injuries it also indicates that 

other causes it depends on the crash type. Renski et al [30] 

concluded that increasing speed limit by 10 mph increases 

the chances of RTFs relatively more than that increased by  

5 mph. Numerous researches suggest that over-speeding 

increases the likelihood of RTF [31] and [9,10].  
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3.2. Variations and Comparison in Fatalities and Injuries 

Traffic Flow in Weekdays 

It is known that accident rates increase in Mondays that is 

the first working day of a week [32]. But/However, for our 

case its quite different, Figure 3 and 4 shows Fatalities and 

Injuries During weekday for the year 2015 and 2016, we can 

trend some differences within the days of the week for both 

fatalities and injuries, the distribution shows gradually 

increase in weekdays and on weekend the amount of crashes 

increases abnormally.  

 

Figure 3.  Distribution of Fatalities Traffic Flow in Weekdays 

 

Figure 4.  Distribution of Injuries Traffic Flow in Weekdays 

As it shown on figure 3 and 4, on Monday the traffic crash 

is not as high compared to the other weekdays because many 

people have enough rest during Sundays so that they get 

ready for a busy week, but statistics shows that it increases 

gradually within other weekdays and when reaches    

Friday the traffic crashes increase abnormally due to many 

entertainments on weekends, people normally on Friday 

night tend to go to clubs and parties leading to drink and over 

speeding causing major accidents, many others travels to 

different places at night and so many are times the roads have 

no proper illumination, poor roads infrastructure and 

improper signalization encountering careless drivers that are 

often under the influences of alcohol which is also one of the 

major cause of crashes [33]. People when use alcohol they 

don’t/do not really have a full concentration, many they get 

tired, and their reaction time gets slower, while the accidents 

occurred on Weekdays are in minimum number, the ones 

happened on Weekend are in maximum number. 

3.3. Variations and Comparison in Fatalities and Injuries 

Traffic Flow on Hourly Basis 

The hourly day distribution of the day on which crash 

occurred are classified into five categories; morning peak 

(06:00am-12:00pm), afternoon peak (12:00pm-06:00pm) 

and evening peak (06:00pm-08:00pm) and off peak hours 

that is (08:00pm-00:00am and to 06:00am) its shown below 

for both fatality and injury.  

 

Figure 5.  Distribution of Fatalities Traffic Flow on Hourly Basis 

 

Figure 6.  Distribution of Injuries Traffic Flow on Hourly Basis 

According to data statistics classified on figure 5 and 6, 

most of the crashes occurred during morning peak, afternoon 

peak and evening peak. Similarly, several researchers 

consider the peak hours as a key/critical risk factor 

contributing to the fatal crashes due to a lot of traffic and 

people tend to always rush to their destination and our study 

shows a gradually increase of traffic from mid night to the 

noon peak where it shows the highest crash counts and 

slowly starts decreasing after 19H00. The comparison of off 

peak RTCs and others shows that the percentage of fatalities 

is lower in off peak as compared to other time crashes as 

stated in other studies, the fault of heavy traffic is the 

pre-dominant exposure measure of crashes. A study by 

Kockelman and Kweon [34] shows that the probability    

of late night RTCs (midnight 4:00am) on weekends are  

more dangerous and Huang et al. [35] stated that Crashes 

occurring at night time are more severe and faulty street 

lights at night time increases the probability of fatal crashes. 

Also, crashes occurring in the morning time (5:31-8:00) have 

lesser probability to be/of being severe [15]. Similarly, 

several researchers consider the peak hours as a key risk 

factor contributing to the fatal crashes [36,37]. 

4. Methodology 

Road traffic accident analysis mainly include Regression 

Methods, therefore, to identify the key factors contributing  

to crash counts in 5 years ‘period we propose a Poisson 
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regression in this respective study, hence it has been proved 

as a useful and basic powerful tool to analyze non-negative 

integers count data [38]. Moreover, in this regression its 

assumed that Y comes from a Poisson regression distribution 

which associates probability with the year’s given data: 

To understand Poisson regression for crash frequency 

analysis [26,39] is expressed as Eq. (1), we need to consider 

a set of data of a country road network and let us consider n, 

the number of road crashes as random variable for claiming 

count during any period “i”. 

        
         

   
            (1) 

                                (2) 

where P(  ) represents the probability of n crashes occurring 

in the period i and    is the expected crash frequency of 

country roadway    with mean and variance. 

 E(  ) = Var(   ) =             (3) 

    is a explanatory variables function which is expressed 

by using a log-linear function. 

  
        

                (4) 

Where   stands for vector term of unknown regression 

coefficients and can be evaluated by standard maximum 

likelihood methods [39].    represents factors affecting 

crashes (explanatory variables) in period i. To relieve the 

non- negativity constraint of accident prediction, an 

exponential rate function e (   ) is assumed here. In order to 

check the reliability and degree of confidence in results 

produced by this methodology, it is considered necessary to 

validate the model. Hence, in this study, the model validation 

will be done through sensitivity analysis. The following two 

conditions shall be satisfied if the model is considered 

reliable: 

Condition 1: if the mean of count data is equal to variance 

then Poisson regression is valid and it will produce accurate 

results. 

Condition 2: The influence of over- and under-dispersion 

in the model can affect the model results and they can be 

adversely affected by low sample-means and then crashes 

probability cannot handle through Poisson regression. 

4.1. Results and Discussions 

Road accident frequency model/The estimation results 

showed that there was a significant difference in the factors 

that determined Road accident frequencies in both fatalities 

and injuries, therefore, Poisson regression is nominated as 

appropriate model and has good technique for modeling 

crash frequencies, our model estimation states that crash 

prediction model results are consistent with previous studies. 

Past studies helped us to understand that the traditional linear 

regression is not the best approach for analyzing a crash 

frequency model [40]. Therefore, Poisson regression is more 

suitable technique for modeling crash frequencies. With the 

help of statistical model, we are to analyze the factors to the 

road accident in Angola by estimating a Poisson regression 

model. only those variables that are significant at 95% level 

of confidence were retained. Out of 10 variables in the 

dataset, 4 variables have been found statistically significant 

(at 95% level of confidence) The details of these models are 

provided in Table 2 and Table 3. 

Table 2.  Model Estimation Results – Fatalities final model 

VARIABLE 

DESCRIPTION 

ESTIMATED 

COEFFICIENT 
T-STATISTIC 

P 

VALUE 

_cons 11.51 .871 13.20 

Population -1.68 .265 -6.32 

GDP .287 .069 4.13 

Total Vehicle .040 .014 2.79 

Oil-Consumption .436 .192 2.27 

Table 3.  Model Estimation Results – Injuries final model 

VARIABLE 

DESCRIPTION 

ESTIMATED 

COEFFICIENT 
T-STATISTIC 

P 

VALUE 

_cons 11.8 .433 27.22 

Population -1.30 .131 -9.90 

GDP .397 .034 11.43 

Total Vehicle .039 .007 5.50 

Oil-Consumption .373 .096 3.86 

In the study, it is predicted the factors to the road crashes 

in relations to road traffic fatalities and road traffic injuries, 

the coefficient and the p value of our model, Population 

variable has a significant impact on crash frequency as 

indicated by highest t-stat value in both models (t –      

stat = .265 and .131) respectively. Crashes increase when 

population increases, that is what some researches stated 

[41], our model results has found a phenomenon which is 

different from the past results, it states that when population 

increases has a tendency to decrease road crashes by -1.68 

and -1.30. Although increased population, people would 

expect to drive slower to the traffic flow that at some point 

would reduce the speed of drivers and crashes.  

Another great/high factor which is considered to have 

significant influence on crash frequency is Oil-Consumption 

(t – stat = .192 and .096). Therefore, an increase in 

Oil-Consumption, it increases the death rate by .436 and .373, 

respectively, in another/other words more crashes are 

observed when there is more use of oil consumption because 

drivers will tend to drive for long hours and they may enter in 

the process of tiredness, fatigue etc. Our finding is consistent 

with the past research [3] which states that an increase in oil 

consumption would have impact the road traffic fatalities 

and injuries, Antoniou et al. [19] mention that traffic crashes 

and oil consumption per capita it is always associated with 

vehicle per person. 

Analysis/The Analysis revealed that Total vehicle was 

also considered as a contributing variable, /a large amount of 

vehicle can lead to less record crashes [12]. The model 

results showed that the increase of vehicles increases the 

likelihood of high amount of crashes by .040 and .039, 

respectively, by minimizing vehicles on road, we can 

significantly reduce crashes annually. GDP were positively 
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associated with annual changes RTC fatalities (p = 4.13   

and 11.43) respectively, in the same year (compared to    

the preceding year), although GDP sometimes can be a 

misleading indicator it was assumed that it can definitely 

affect road crashes, this finding is also consistent with the 

past researches [41]. 

Model results revealed that road crash frequency is highly 

subject to the factors that causes crash patterns on the road 

traffic, Population, GDP, Total vehicle, Oil consumption are 

the factor that are observed in crash frequency with increase 

in these parameters, and this is consistent with past research 

[5]. Similarly, extra indicators can also be studied along 

when we are modeling road traffic crash such as: the gender 

of the driver, the driver behavior, attitude and law abidance, 

negligence, lower understanding & recognition, violation of 

rules and carelessness significantly increases the crash 

frequency all this can also plays a key role in the occurrence 

of road traffic crashes. 

5. Conclusions 

This research addresses the issue of high fatalities and 

injuries rate in Angola due to deficiencies of high traffic 

crash rate. It started with a deep background of the country 

road network itself and the factors that influences the RTCs. 

Moreover, an extensive literature review of road crash 

factors and road fatality and injury associated with road 

traffic crash frequency both at national and international 

level. The review of past international research efforts 

helped to identify the procedures adopted in different 

countries for establishing the relationship between road 

traffic crash frequency and various factors in road crash. 

For estimation of appropriate statistical model, past 5-years 

data (2013-2017) from Angola National Road Wide 

Network were reported by National Road and Traffic 

Directorate (DNVT), recorded a total of 70579 road 

accidents in five years, with 17786 dead and 69587 injured. 

A comprehensive excel data sheet was developed for 

collation of all crash factors counts attributes for analysis. 

Similarly, road crash data (accidents data) obtained from 

DNVT Angola National Police, were collated and recorded 

for predefined road traffic crash according to type pattern. 

Numbers of crash frequency models were tried and Poisson 

regression model was selected based on different statistical 

tests. Model results revealed that Population, GDP, Total 

Vehicle, Oil-Consumption are the factor that are 

significantly associated with road crash frequency. The 

count-data models which have been developed for the 

crashes frequency is/are the Poisson regression model which 

is stated that the variance and mean must be approximately 

equal. This count data has given positive and significant 

reason why RTCs are too high, and enough reason about 

phenomena of population due to the highest crash counts 

although increased population could increase road crashes 

but the model results shows the opposite, therefore, due to 

the limited availability of data and lack of information on the 

crash pattern we could only make a comparison on the 2 

years (2015-2016) period and Analysis show the distribution 

of RTCs fatality and injuries varies according to different 

crash pattern and over speeding was found to be the first 

source of crashes in Angola in both fatalities and injuries. 

Moreover, the period of (2016-2017) showed positives 

declines on RTCs these declines were most probably     

the result of many safety interventions including the 

enforcement of speed limits, legislation on traffic safety 

awareness campaigns, police enforcement, improvements in 

traffic, and media and public education. it still necessary to 

act on each of them in order to eliminate them or, at the very 

least, to reduce them, focusing on aspects that prove to be 

more driver of road accidents. Depending on the results of 

opinion polls, other technical studies and statistical data of 

the National Police, legislative or sanctioning, education, 

prevention, supervision and engineering measures should be 

given to the results of the opinion, improvements on roads 

infrastructure, proper illumination and signalization can 

benefit the drivers and reduce the number of accidents. 

Changing the risk behaviors (speeding, driving in a state of 

drunkenness, mobile phone use, driving without a seat belt, 

dangerous maneuvers), keep the machine in good technical 

condition and rectify the wrong aspects of the physical 

environment can also mitigate the numbers of fatalities and 

injuries. 
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