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ABSTRACT - Vehicle Operating Cost (VOC) models are essential tools for individuals, businesses, fleets 

operators, and policymakers who want to accurately estimate the costs associated with owning and operating 

a vehicle. These models consider various factors, such as fuel consumption, maintenance costs, and 

depreciation, to provide a comprehensive view of the total cost of ownership. However, selecting the best one 

can be challenging with so many models available. This research aims to evaluate and compare different 

global vehicle operating cost models to identify the best one. The study will use a qualitative method, including 

expert opinions. The evaluation criteria will include accuracy, ease of use, flexibility, and cost-effectiveness. 

The findings of this research will provide valuable insights for those who rely on vehicle operating cost models 

to make informed decisions about their transportation needs. By using the best model, they can minimize their 

costs, optimize their resources, and improve their overall efficiency. 
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1. INTRODUCTION   

   

Vehicle Operating Cost (VOC) models are mathematical models that estimate the costs associated with 

operating and maintaining a vehicle. These models typically consider various factors, such as vehicle type, 

fuel type, distance traveled, road conditions, and maintenance requirements. By considering these factors, 

VOC models can provide estimates of the direct and indirect costs associated with vehicle operation, such as 

fuel expenses, maintenance costs, and time lost due to traffic congestion or accidents. These models are used 

because VOC per kilometer varies with travel speed, road curvature, gradient, and surface roughness. The 

model selection can significantly influence the magnitude of the benefit anticipated in the cost-benefit analysis 

because each model generates different estimates of VOC. [1] Several VOC models are available in the 

literature, such as HDM-3, COBA9, NIMPAC, ARFORM, TRDF, and HDM-4. Each model has advantages 

and limitations, making it challenging to select the most appropriate model for a specific application. This 

research aims to evaluate and compare the selected vehicle operating cost models and identify the best model 

for applicability in Sri Lanka [2]–[4]. This is important because, VOC studies done in Sri Lanka so far, have 

not focused on this matter [2]–[4]–[5]. The selected models are HDM-3, COBA9, NIMPAC, ARFORM, 

TRDF, and HDM-4. The evaluation of these models will be based on two main criteria, namely, the 

practicality and statistical soundness of the model.  

The practicality evaluation of the models considered several factors: ease of use, availability of appropriate 

input data, and the ability of the model to incorporate pavement-surface conditions as currently being 

measured [5]. Ease of use is considered how user-friendly the models were. The availability of appropriate 

input data evaluated how readily available the necessary data were to apply the models, while the ability of 

the model to incorporate pavement-surface conditions as currently being measured assessed how well the 

models could include current pavement-surface condition data. These factors were crucial in determining the 

models' practicality and suitability for practical applications in the transportation sector.  
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The statistical soundness evaluation of the models focused on theoretical validity and accuracy. To this end, 

several factors were assessed, including data reliability, original sample size, model assumptions, model 

formulation, estimation techniques, goodness-of-fit of the model, estimated standard error of the predictions, 

and statistics of the parameters [5]. This research will justify why HDM-4 is the best model among the selected 

models. HDM-4 is a comprehensive vehicle operating cost model considering various factors such as 

pavement deterioration, vehicle characteristics, traffic volume, and environmental impact.  

Figure 3. Selected VOC Formulas from HDM-4 Model 

 

It has been widely used for road management and planning in many countries due to its accuracy and 

flexibility. The outcome of this research will provide valuable insights into selecting the best vehicle operating 

cost model for practical applications.  

2. MATERIALS AND METHODS  

  

The methodology used in this research involves a comprehensive review of the literature and qualitative 

analysis. The analysis will include comparing the selected models based on the abovementioned criteria. These 

models differ in their underlying assumptions, input parameters, and modeling approaches, which can result 

in differences in their accuracy and reliability.  

The selection criteria include practicality and statistical soundness. The practicality evaluation of the models 

considered the ease of use, availability of appropriate input data, the ability of the model to incorporate 

pavement-surface conditions as currently being measured, and reasonableness and applicability to USA 

conditions. The statistical soundness evaluation of the models considered the theoretical validity and accuracy, 

which includes data reliability, original sample size, model assumptions, model formulation, estimation 

techniques, goodness-of-fit of the model, estimated standard error of the predictions, and statistics of the 

parameters. 

3. RESULTS AND DISCUSSION  

  

The literature review and analysis results indicate that HDM-4 is the best vehicle operating cost model among 

HDM-3, COBA9, NIMPAC, ARFORM [6], TRDF [7], and HDM-4 based on its superior features and 

applicability to US conditions. HDM-4 incorporates pavement-surface conditions, which is critical for the 

accurate prediction of vehicle operating costs, and has a robust statistical framework that ensures the accuracy 

and reliability of the model [8]. In addition, HDM-4 is easy to use and has appropriate input data available. 

While other models have also been shown to be accurate and reliable, they are limited in their applicability to 

US conditions and need to incorporate pavement-surface requirements.  
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Figure 4. Comparison Between Selected VOC Models Based on Features 

 
 

The discussion of the results highlights the importance of selecting the appropriate vehicle operating cost 

model for a given context, considering practicality and statistical soundness. The limitations of the selected 

models are also discussed, which include the availability of appropriate input data and the need for validation 

against field data. 

  

4. CONCLUSION  

  

The best vehicle operating cost model selection is crucial for decision-making in transportation planning and 

management. An accurate and reliable model can lead to more efficient and cost-effective solutions for 

maintaining and improving transportation infrastructure. Finally, HDM-4 is determined as the best VOC 

model out of the selected models. Before applying HDM-4, it needs to be calibrated for use in Sri Lanka, 

which is ongoing research.   
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