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Road transport accidents are a major public health concern in Libya, with one 

of the highest death rates in the world. In this paper, we propose a hybrid 

approach using the improved fuzzy step-wise weight assessment ratio 

analysis (IMF-SWARA) method to identify the most critical risk factors for 

transport accidents, and the combined compromise solution (CoCoSo) 

method to rank the strategies for mitigating these risks. Our study uses a case 

study in Libya to demonstrate the effectiveness of the proposed approach. The 

IMF-SWARA method is used to weight the risk factors for transport accidents, 

and our analysis shows that driver-related factors are the most critical risk 

factors. We then use the CoCoSo method to rank the strategies for mitigating 

these risks, and our analysis shows that driver training and education is the 

most important strategy. Our study suggests six strategies in total, which can 

be used by policymakers to proactively manage the risks associated with 

transport accidents in Libya. The proposed approach can be applied to other 

countries to identify critical risk factors and develop effective risk 

management frameworks. 
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1. Introduction  

Transportation plays a crucial role in modern society by enabling the movement of people, goods, 
and services from one place to another. It facilitates economic activity by linking producers to 
markets and consumers, allowing the exchange of goods and services regardless of distance. 
Transportation also allows people to access employment opportunities, education, healthcare, and 
social activities, improving their quality of life [1]. Additionally, transportation is vital for emergency 
services to respond quickly and effectively to crises. Without transportation, societies would be 
isolated and unable to interact with each other, hindering economic growth and development. Thus, 
transportation is an essential component of modern life, enabling us to connect and access the 
resources we need to thrive [2]. 
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Accidents in transportation can have severe consequences, including loss of life, injuries, property 
damage, and economic costs. Road accidents are among the most common and account for the 
majority of transportation-related fatalities worldwide. Factors such as speeding, driver fatigue, 
distracted driving, and poor road infrastructure contribute to road accidents. In air transportation, 
accidents are less common but often result in more significant loss of life. A range of factors, including 
technical malfunctions, pilot errors, adverse weather conditions, and air traffic control issues, can 
cause accidents in air transportation. Similarly, accidents in maritime transportation can be caused 
by factors such as equipment failure, human error, and adverse weather conditions [3]. To prevent 
accidents in transportation, strict safety regulations and protocols are necessary, and transportation 
operators must implement safety measures and train their staff adequately. Additionally, advances 
in technology and infrastructure can help to improve safety in transportation and reduce the risk of 
accidents [4]. 

Car accidents represent a substantial worldwide public health issue, resulting in millions of 
fatalities and injuries annually. As per the World Health Organization (WHO), road traffic accidents 
rank as the eighth most prevalent cause of mortality on a global scale and represent the primary 
cause of death among individuals aged five to 29 years. According to available data, the global road 
traffic accident fatalities in the year 2020 were approximately 1.35 million individuals. It is 
noteworthy that the majority of these fatalities, exceeding 90%, occurred in low- and middle-income 
nations. For instance, according to Nkeng et al. [5], although significant progress was made in 
enhancing road safety and implementing safe systems approaches over the past decade, it was 
unfortunate that no low-income country saw a decrease in the number of road accidents since 2013. 
This could be due to factors such as poorer road infrastructure, lower quality vehicles, and less access 
to driver education and safety programs in regions with lower income levels. Car accidents can be 
attributed to various factors, including driver behavior, infrastructure, vehicle safety, and 
environmental conditions [6]. The mitigation of car accidents necessitates a holistic strategy that 
encompasses these variables and entails partnerships among policymakers, road safety specialists, 
and the general populace [7,8]. 

It is worth noting that many transport accidents are caused by a combination of factors, rather 
than a single factor in isolation. Therefore, it's important to take a holistic approach to identifying 
and managing risks associated with transport accidents. By employing multi-criteria decision-making 
(MCDM) methods to evaluate the relative importance of each risk factor, transportation agencies 
and operators can develop a comprehensive approach to managing risks and reducing the incidence 
of transport accidents [9-11]. 

Developing a framework for managing risks proactively involves several key steps as follows: 
 

i. Identify the risk factors: The first step is to identify the risk factors that contribute to 
transport accidents. This can be done through a comprehensive analysis of accident data, 
as well as input from experts and stakeholders in the transportation industry. 

ii. Evaluate the relative importance of each risk factor: MCDM methods such as analytical 
hierarchy process (AHP), technique for order preference by similarity to ideal solution 
(TOPSIS), and preference ranking organization method for enrichment evaluations 
(PROMETHEE) can be used to evaluate the relative importance of each risk factor based 
on criteria such as severity, likelihood of occurrence, and impact on safety. 

iii. Develop risk management strategies: Based on the results of the evaluation, a set of risk 
management strategies can be developed to address each of the identified risk factors. 
This can include measures such as driver training programs, vehicle maintenance 
protocols, infrastructure improvements, and weather monitoring systems, among others. 
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iv. Implement risk management measures: The risk management strategies should be 
implemented across the transportation system in a systematic and coordinated manner. 
This may involve working with various stakeholders, such as transportation authorities, 
operators, and the public, to ensure that the measures are effectively implemented. 

v. Monitor and evaluate the effectiveness of risk management measures: Regular monitoring 
and evaluation of the effectiveness of risk management measures are essential to ensure 
that the system is continually improving and those new risks are identified and addressed 
as they arise. This can involve collecting and analyzing data on accident rates, driver 
behavior, vehicle maintenance, environmental conditions, and infrastructure 
performance, among other factors. 

 
Overall, developing a framework for managing risks proactively requires a systematic and 

comprehensive approach to identifying, evaluating, and addressing risks across the transportation 
system. By employing MCDM methods to evaluate risk factors and develop risk management 
strategies, transportation agencies and operators can reduce the incidence of transport accidents 
and improve the overall safety of the transportation system. 

The purpose of this research is twofold: first, to identify the most significant risk factors 
associated with transport accidents, and second, to develop frameworks for effectively managing 
these risks proactively. To achieve these goals, this study will implement MCDM techniques, which 
have proven effective in prioritizing and addressing complex and interdependent risk factors. By 
leveraging MCDM-based frameworks, this research aims to provide valuable insights for 
policymakers, transportation agencies, and other stakeholders to enhance safety and prevent 
accidents in the transportation sector. 

 
2. Methodology 

The methodology employed in this study comprises two primary steps. The first step involves 
weighting the identified risk factors using the improved fuzzy step-wise weight assessment ratio 
analysis (IMF-SWARA) model. This approach enables the determination of the relative importance of 
each risk factor, allowing for informed decision-making in managing these risks proactively. In the 
second step, the combined compromise solution (CoCoSo) method will be applied to develop a 
comprehensive framework for managing the identified risks. By employing these two steps, this 
research aims to provide a rigorous and comprehensive approach to identifying and proactively 
managing transport-related risks. The IMF-SWARA-CoCoSo model consists of the following steps [12-
14]: 

Step 1 − Identification set of criteria and sorting it from most significant to least significant . 

Step 2 − Applying a sorted list. It is performed by a comparison of (Cj) with (Cj−1), which is sj. An 
appropriate triangular fuzzy number (TFN) scale that facilitates the comparison of criteria by IMF 
SWARA is given in Table 1. 

Step 3 − Determination of the fuzzy coefficient kj:  
 

�� = � �
�� ⊗ �   � = �� > �.  (1)
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Table 1 

The scale for evaluation of criteria using the IMF-SWARA 
method 

Linguistic variable Abbreviations TFN scale 

Absolutely less significant ALS 1 1 1 

Dominantly less significant DLM 1/2 2/3 1.0 

Much less significant MLS 2/5 1/2 2/3 

Really less significant RLS 1/3 2/5 1/2 

Less significant LS 2/7 1/3 2/5 

Moderately less significant MDLS 1/4 2/7 1/3 

Weakly less significant WLS 2/9 1/4 2/7 

Equally significant ES 0 0 0 

 

Step 4 − Determination of the weights qj: 
 

�� = � ���
���
  � = �� > �.  (2)

 

Step 5 − Calculation of the final weights wj: 
 

������ = �����
∑ ��������� ,  (3)

 
where m is the number of criteria . 

Step 6 − The ultimate values of the relevant criteria and sub-criteria are calculated as ���, ��, … , ����. 

Step 7 − The total weighted comparability sequence (Si) and the sum of the weighted 

comparability sequences (Pi) for alternatives can be calculated by:  
 �� = ∑ ��� ��!"�#� ,  (4)

 $� = ∑ � ��!��"�#� .  (5)

 

Step 8 − The relative weights of other alternatives can be computed based on three scoring 

procedures: 
 

%�& = $�'��∑ �$�'������� ,  (6)

 

%�( = ��)*+� �� − $�)*+� $�,  (7)

 

%�- = .����'��/.��$��
0. )12� ��'��/.� )12� $�3 , 4 ≤ . ≤ �.  (8)

 

Step 9 − The final optimality level of the alternatives can be obtained by: 
 

�� = �%�&%�(%�-��6 + �
6 �%�&+%�( + %�-�.  (9)
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3. Case Study 

The transportation infrastructure in Libya is primarily supported by a limited array of modes 
including airplanes, automobiles, and trucks, with a predominant emphasis on terrestrial 
transportation for domestic mobility [15,16]. The utilization of trucks and private automobiles for the 
transportation of individuals and commodities on roadways has consequential ramifications, 
encompassing environmental concerns such as air pollution and noise pollution, as well as significant 
occurrences of accidents and extensive land utilization. As the reliance on these systems grows, the 
detrimental impacts intensify. As an illustration, the fatality rate resulting from accidents stands at 
26.1 individuals per 100,000 population, positioning it among the most elevated rates globally [17]. 
The observed phenomenon can potentially be attributed to the deteriorating condition of the road 
infrastructure, necessitating additional development efforts, in conjunction with the significant 
proliferation of automobiles within the nation. In the year 2013, the cumulative count of registered 
vehicles amounted to 3,553,497 units. Figure 1 illustrates the temporal trend in the mortality rate 
resulting from vehicular collisions spanning the years 1995 to 2018 [18]. It is evident that the 
aforementioned figures exhibit a substantial magnitude and are exhibiting an alarming upward trend 
in comparison to other nations globally. In the context of intelligent transportation systems, it is 
evident that there is a lack of such systems presently implemented within the country. It can be 
asserted that a significant number of intersections are devoid of conventional traffic signals, and in 
instances where they are present, they are prone to being non-functional.  The presence of road signs 
is limited and their adherence may be lacking [19]. 

 

 
Fig. 1. Number of deaths caused by traffic accidents in Libya during 1995-2018 

 
Figure 1 indicates that the number of traffic accidents in 2011 was considerably lower than in 

previous and subsequent years, likely due to the revolution in Libya that year which resulted in a ban 
on intercity traffic and low car traffic in many cities due to fuel scarcity and an unstable security 
situation . 

The topic of identifying the most critical risk factors for transport accidents and developing 
MCDM-based frameworks for proactively managing these risks is a crucial area of research in 
transportation safety [20]. The goal of this research would be to identify the key factors that 
contribute to transport accidents. Many factors can contribute to transport accidents, and these 
factors can be broadly categorized into four main categories: 
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i. Driver-related factors (C1): They include behaviors such as speeding, driving while 
distracted, fatigue, and aggressive driving. These factors are generally related to driver 
error or poor decision-making and are responsible for a significant proportion of transport 
accidents .  

ii. Vehicle-related factors (C2): They include issues such as mechanical failures, tire blowouts, 
tire cracking, brake failures, and other issues that can arise due to poor vehicle 
maintenance. These factors are often preventable through proper vehicle maintenance 
and inspection procedures . 

iii. Environmental factors (C3): They include weather conditions such as rain, snow, and ice, 
as well as factors like poor visibility due to fog or mist. These factors are often outside of 
the driver's control and can increase the risk of accidents . 

iv. Infrastructure-related factors (C4): They include issues such as poor road design, 
inadequate signage, poorly maintained roads, and inadequate lighting. These factors can 
also contribute to accidents and can be addressed through proper infrastructure planning 
and maintenance . 
 

The following are the main risk management strategies that could be employed to mitigate the 
risk factors that contribute to transport accidents : 

 
i. Driver training and education (S1): Providing regular training and education programs for 

drivers can help improve their awareness of safe driving practices and reduce the 
incidence of driver-related accidents. These programs can cover topics such as defensive 
driving (which is a set of techniques and strategies that aim to reduce the risk of accidents 
by anticipating and avoiding potential hazards on the road), hazard perception, and the 
effects of drugs and alcohol on driving . 

ii. Vehicle maintenance and inspection (S2): Implementing regular maintenance and 
inspection programs for vehicles can help identify and address mechanical issues before 
they lead to accidents. These programs can include regular checks of brakes, tires, and 
other critical components . 

iii. Infrastructure improvements (S3): The maintenance of the existing traffic infrastructure is 
one of the key elements of its improvement. Furthermore, improving road design, 
signage, and lighting can help reduce the incidence of accidents caused by infrastructure-
related factors. This can involve measures such as installing traffic signals, improving road 
surfaces, and adding guardrails or other safety features .  

iv. Intelligent transportation systems (S4): Implementing Intelligent transportation systems 
(ITS) technologies such as collision warning systems, adaptive cruise control, and lane 
departure warning systems can help reduce the risk of accidents caused by driver error . 

v. Weather monitoring and response (S5): Monitoring weather conditions and implementing 
appropriate response measures, such as reducing speed limits or closing roads in severe 
weather, can help reduce the risk of accidents caused by environmental factors . 

vi. Public awareness campaigns (S6): Launching public awareness campaigns to promote safe 
driving practices and raise awareness of the risks associated with transport accidents can 
help reduce the incidence of accidents caused by driver-related factors . 

 
These risk management strategies can be implemented in a coordinated and systematic manner 

to address the risk factors that contribute to transport accidents. By employing MCDM methods to 
evaluate the relative importance of each risk factor and prioritize the implementation of risk 
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management strategies, transportation agencies and operators can improve the overall safety of the 
transportation system. 

 
4. Results and Discussion 

The first step of the methodology involves preparing a form for collecting expert opinions and 
distributing it to them. This form is designed to gather insights and feedback from individuals who 
have relevant knowledge and expertise in the subject area of the research. The model to be used in 
the research is also explained in the form, along with the purpose of the study. This is important to 
ensure that the experts have a clear understanding of what is expected of them and what their input 
will be used for. By gathering insights from experts, the research team can gain a deeper 
understanding of the subject area and use this knowledge to inform subsequent stages of the 
research process. 

The IMF-SWARA model was used to prioritize risks based on their relative importance. This 
method involves a step-by-step approach to evaluating each risk factor, including its impact. The first 
step involved determining the weights for each risk factor, based on their relative importance to the 
overall risk assessment. This was followed by pairwise comparison of each risk factor to determine 
their relative importance to one another. The final step involved calculating the risk score for each 
risk factor, based on its weighted score and its priority ranking. The results of the risk assessment are 
presented in Table 2. 
 
  Table 2 

  Calculation of weights for the main criteria 
Criteria 89  :9  ;9  �<  �9  

C1    1.0 1.0 1.0 1.0 1.0 1.0 0.334 0.345 0.359 0.346 
C4 0.222 0.250 0.286 1.222 1.250 1.286 0.778 0.80 0.818 0.260 0.276 0.294 0.276 
C2 0.222 0.250 0.286 1.222 1.250 1.286 0.605 0.640 0.670 0.202 0.221 0.240 0.221 
C3 0.333 0.40 0.50 1.333 1.40 1.500 0.403 0.457 0.502 0.135 0.158 0.180 0.158 

 
Table 2 indicates that the most important criterion is driver-related factors, with a weight value 

of 0.346. This suggests that the experts deem factors related to drivers to be the most significant in 
determining the outcome of the analysis. The importance of this criterion can be explained by various 
factors, such as speeding, disregard for traffic laws, and underage drivers. The second most important 
criterion identified by the group of experts is infrastructure-related factors. This criterion can be 
attributed to various factors related to the country's infrastructure, which play a significant role in 
determining road safety. For instance, the poor condition of roads in many areas can be a significant 
contributor to accidents, especially if they are not well-maintained. Additionally, the absence of 
proper road signs, particularly on secondary roads, can lead to confusion and accidents. Furthermore, 
the country's lack of a public transportation network can exacerbate the issue of congestion, leading 
to more accidents due to increased traffic. Overall, the experts have determined that infrastructure-
related factors are a crucial aspect that needs to be addressed to improve road safety in the country. 

The second stage of the methodology involved arranging the strategies using the CoCoSo method. 
This approach involved creating an initial decision matrix to assess each strategy's effectiveness in 
addressing the identified risks. The initial matrix was then transformed into a normalized matrix, 
which reflected the normalized scores for each criterion. The normalized matrix was then weighted 
to account for the relative importance of each criterion, resulting in a weighted normalized matrix. 
Finally, the strategies were ranked based on their scores in the weighted normalized matrix, with the 
highest-scoring strategies being considered the most effective. The results of this process are 

presented in Tables 3−6. 
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  Table 3 

  Initial decision matrix 
Criteria C1 C2 C3 C4 

Weight/Strategies 0.346 0.221 0.158 0.276 
S1 95 85 70 75 
S2 75 95 70 70 
S3 70 70 65 90 
S4 95 70 65 70 
S5 70 60 95 50 
S6 90 80 60 75 

 
  Table 4 

  Normalized decision matrix 
Criteria/Strategies C1 C2 C3 C4 

S1 1.0 0.714 0.286 0.625 
S2 0.20 1.0 0.286 0.50 
S3 0.0 0.286 0.143 1.0 
S4 1.0 0.286 0.143 0.50 
S5 0.0 0.0 1.0 0.0 
S6 0.80 0.571 0.0 0.625 

 
  Table 5 

  Weighted normalized matrix 
Criteria/Strategies C1 C2 C3 C4 

S1 0.346 0.158 0.045 0.173 
S2 0.069 0.221 0.045 0.138 
S3 0.000 0.063 0.023 0.276 
S4 0.346 0.063 0.023 0.138 
S5 0.277 0.126 0.000 0.173 
S6 0.120 0.049 0.025 0.076 

 
  Table 6 

  Relative weights of the alternatives 
Alternatives Pi Si+Pi Kia Kib Kic ki Rank 

S1 3.627 4.349 0.266 6.302 1.0 3.710 1 
S2 3.219 3.693 0.226 4.974 0.849 3.001 3 
S3 2.493 2.855 0.175 3.835 0.657 2.315 4 
S4 3.319 3.889 0.238 5.432 0.894 3.237 2 
S5 1.0 1.576 0.096 3.134 0.362 1.676 6 
S6 2.688 2.957 0.181 3.688 0.680 2.284 5 

 
The results of the strategies evaluation using the CoCoSo method indicate that the most suitable 

strategy for addressing the identified risks is driver training and education, as shown in Figure 2. This 
is likely because the driver-related factor was considered the most important factor in the evaluation 
matrix. By prioritizing driver education and training, organizations can help improve driver behavior 
and reduce the likelihood of accidents caused by human error. The second most effective strategy 
identified was the implementation of ITS, which can help reduce the impact of the driver factor by 
providing real-time information and alerts to drivers, improving traffic flow, and enhancing overall 
safety on the road. Overall, the results of the strategies evaluation provide valuable insights into the 
most effective approaches for mitigating risks in transportation and highlight the importance of 
prioritizing driver education and training in improving road safety. 
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Fig. 2. The suggested ranking of the strategies  

 

5. Conclusion 

Car accidents are a significant global public health concern, causing millions of deaths and injuries 
each year. Efforts to reduce the incidence of car accidents require a comprehensive approach that 
addresses these factors and involves collaborations between policymakers, road safety experts, and 
the public. This paper identified the most critical risk factors for transport accidents in Libya and 
developed MCDM-based frameworks for proactively managing these risks.  

Our study has several implications for practice and policy. First, our findings highlight the need 
for policymakers to focus on driver-related factors to reduce the incidence of transport accidents in 
Libya. Second, our study suggests that driver training and education should be a priority for 
policymakers, as it is the most important strategy for mitigating the risks associated with transport 
accidents. Third, our approach can be used by policymakers in other countries to identify the most 
critical risk factors and develop effective risk management frameworks . 

The study contributes to the literature on risk management in transportation by proposing a 
hybrid approach that combines the IMF-SWARA and CoCoSo methods to identify critical risk factors 
and rank strategies for mitigating these risks. The proposed approach can be applied to other 
countries to develop effective risk management frameworks and reduce the incidence of transport 
accidents. Future research in this area could focus on the applications of MCDM techniques to 
enhance further risk management frameworks for transport accidents. Specifically, researchers could 
evaluate the effectiveness of different strategies for mitigating these risks and develop decision-
support systems for policymakers in developing countries such as Libya. 
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