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INTRODUCTION 

In light of the continuous urbanization of the world, it is essential to have a sustainable city. According to the United 

Nations (2018), 55% of the world’s population lives in urban areas, a proportion that is expected to increase to 68% by 

2050. Highway congestion is a global issue exacerbated by high population density, the proliferation of automobiles and 

their infrastructure, and the proliferation of rideshare and delivery services. It can be argued that there is a direct link 

between population growth, traffic congestion, and pertinent issues. Transportation growth comes with several challenges, 

including heavy congestion on roads and rail during rush hours, unreliable public transportation services, insufficient 

connectivity between modes, limited access to transparent public services, and a high reliance on private transport (Hong 

& Wong, 2017). Over the last decade, Malaysia’s urban population has grown and continues to grow as people migrate 

to urban areas for economic and employment opportunities, particularly in Kuala Lumpur. Malaysian transportation 

statistics indicate that Kuala Lumpur’s total vehicle fleet increased by 1.20% in 2020, the highest increase among 

Malaysian states.  

Congestion consumes fuel and contributes to air pollution via carbon dioxide emissions. Additionally, stopped 

vehicles emit 17.3% more carbon dioxide than moving vehicles (Rajé, Tight, & Pope, 2018). As a result, those who live 

nearby suffer the most from these consequences. According to Ganesh (2019), Sunny Joseph, a clinical psychologist, 

believes that increased time spent on the road can result in stress. As a result, anxiety, frustration, a sense of loss of control 

(Jayaraman, Leow, Asirvatham, & Chan, 2021), security (Iqbal & Anggraini, 2019), and even health problems such as 

high blood pressure, changes in body temperature, and a weakened immune system (Ahmarofi et al., 2021) will affect 

people. Congestion is a significant issue that must be addressed appropriately, as the consequences are detrimental to the 

environment and human health.   

ABSTRACT – With Malaysia's rapid urbanisation and continuous improvement of living standards, 
vehicle ownership and trip volume continue to grow. Increases in motor traffic in large cities and 
their environs result in a number of social, environmental, and economic issues, which are 
frequently attributable to the widespread use of automobiles as the primary mode of urban 
transportation. This exacerbates traffic congestion on the country's highways, particularly in urban 
areas such as Kuala Lumpur. This traffic congestion poses an ongoing threat to the sustainability 
of transport development. Thus, the aim of this study is to establish a cause-and-effect relationship 
based on a system dynamics approach regarding the implementation of road pricing as a tool for 
reducing congestion and a stepping stone for enhancing sustainability. Road pricing is a direct 
charge assessed to drivers who use the road network with the goal of reducing the number of 
private vehicles on the road during peak hours. The developed Causal Loop Diagram (CLD) 
composed of five subsystems: road congestion, road attractiveness, new road construction, public 
transportation, and road pricing. The road congestion, new road construction, and road pricing all 
encounter mutual reinforcement as a result of a variety of negative polarities. As a result, authorities 
should place a greater emphasis on these loopholes, as they will inevitably result in unexpected 
changes. Additionally, by incorporating holistic perspectives from previous works and experts in 
the field, CLD can aid in identifying the primary factors underlying the problem being studied. 
Furthermore, the developed CLD could enlighten the Malaysian government and the stakeholders 
of road construction regarding the causal relationship towards road pricing strategy in reducing 
traffic congestion effectively.  
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The United Nations adopted the Sustainable Development Goals (SDGs) in 2015, also known as a universal call to 

ensure that all people enjoy peace and prosperity by 2030 (Moyer & Hedden, 2020). Each of the 17 SDGs recognizes 

action in a single area that is harmoniously integrated with social, economic, and environmental sustainability. It is 

impossible to achieve sustainable development without radically altering how we construct and manage urban spaces. 

Consequently, SDG 11 has been introduced which seeks to promote sustainable transportation while minimizing 

environmental impact.  

It is found that one of the effective solutions to achieve sustainable transportation in an urban area is road pricing 

(Ahmarofi et al., 2021). Road pricing is intended to charge the difference between a journey’s marginal social and 

marginal private costs, to ensure that only those drivers travel whose benefits outweigh the costs they impose on 

themselves and others (Zefreh, Esztergar-Kiss, & Torok, 2021). However, the question that arose from the public is the 

readiness of road users in Kuala Lumpur if it is implemented in the next ten years after the public transportation network 

system is fully completed (Bernama, 2022). In this regard, this study establishes a causal loop diagram (CLD) for road 

pricing management to see the aspect of governance related to road congestion in the city and its impact on the residents 

by using the system dynamics (SD) method. CLD based on the SD method provides a lens through which complex 

systems’ structure and dynamics can be viewed holistically and understood (Richards, Lupton, Allwod, 2021; Ahmarofi, 

Zainal Abidin, & Mahadzir, 2022). As a result, it has been widely applied to issues concerning transportation as presented 

by Ahmarofi et al. (2021), and Salmon et al. (2022), to name a few.   

LITERATURE REVIEW 

Road pricing in reducing road congestion and improving air quality 

Economic theorists such as Pigou (1920) and Knight (1924)  have long recognized road pricing as the most effective 

method of reducing traffic congestion. Since then, congestion has evolved from a scholarly curiosity to one of the most 

pressing issues confronting metropolitan regions and their transportation infrastructure (Verhoef, Nijkamp, & Rietveld, 

1995; Yang & Huang, 2005). Road pricing has grown in popularity as a means of reducing congestion, protecting the 

environment, and generating revenue for transportation investment (Abulibdeh, 2020). Hence, several countries have 

implemented road pricing with favourable results.  

The Area Licensing Scheme (ALS) was the first program in Singapore to address traffic congestion (Khan, 2001). As 

a result, traffic entering the zone decreased by 25% to 45% during morning rush hours, while travel speeds doubled (Goh, 

2002; Khan, 2001). In addition, the scheme manages to prevent the emission of an estimated 175,000 lb of carbon dioxide 

each day (Federal Highway Administration, 2022). Singapore implemented electronic tolls for the first time in 2000 

(Olszewski & Xie, 2005). In 2003, London introduced the first congestion charge. The primary objective of the London 

congestion charge was to alleviate traffic congestion (Croci, 2016). Between 2002 and 2003, traffic is estimated to have 

decreased by approximately 30%, while average travel speeds increased from 8.9 to 10.4 miles per hour, based on a 

straightforward before-and-after comparison (Croci, 2016). With the implemented scheme, London successfully reduced 

emissions of particulate matter and nitrogen oxides by 12% and fossil fuel consumption and carbon dioxide emissions by 

20% (Federal Highway Administration, 2022).  

After following a trial period and referendum, the Stockholm congestion charge was implemented in 2007. Following 

Stockholm’s congestion charge implementation, traffic volume decreased by approximately 20%, and inner-city 

kilometre travel decreased by approximately 15% (Croci, 2016; Eliasson, 2009; Maria, Eliasson, Hugosson, & Brundell-

freij, 2012). Simultaneously, travel times were reduced by approximately a third to half during these times, and the road 

toll resulted in a 4.5% increase in public transit ridership (Baranzini, Carattini, & Tesauro, 2021). Stockholm’s congestion 

pricing system has led to a 10% to 14% drop in carbon dioxide emissions in its central area (Federal Highway 

Administration, 2022). In 2008, Milan introduced a road pricing scheme called EcoPass to combat the city’s pollution 

problem (Rotaris, Danielis, Marcucci, & Massiani, 2010). The scheme was expanded further with the addition of the Area 

C congestion charge. Economists have advocated for congestion charges as a way to internalize the externalities of 

driving. Cities that have successfully implemented congestion charging have demonstrated the effectiveness of road 

pricing in addressing transportation issues such as congestion and pollution.  

System dynamics modelling in transportation 

Transportation systems in cities are extremely complex and operate under a variety of conditions. Simulating and 

analyzing them using conventional methods is impractical. As a result, complex analysis is viewed through the lens of 

system dynamics. Currently, system dynamics is frequently used to conduct systematic studies of road transportation 

issues, such as transportation systems, highways, road traffic emission policies, and congestion policies (Xue, Cheng, 

Wang, An, & Guan, 2020; Ahmarofi et al., 2021). Table 1 summarizes some of the literature on system dynamics 

modelling of road transportation issues. The widespread application of system dynamics to transportation issues 

demonstrates system dynamics’ capability to address the issue. 
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Table 1. System dynamics works of literature in the road transportation field. 

Author (Year) 
Analysis 

Rez (2019) Demonstrate how system dynamics can develop and 

simulate models. 

Suryani, Hendrawan, Adipraja, Wibisono, and Dewi 

(2019) 

Address the urban mobility and traffic congestion 

problem under environmental dynamics. 

Akbari and Mahpour (2020) Develop a system dynamics model of Tehran transport to 

control air pollution. 

Khosravi, Haghshenas, and Salehi (2020) Use system dynamics to evaluate transport demand 

management policies. 

Khosravi et al. (2020) Determine the most effective policies to respond to 

changing travel demand by combining system dynamics 

and data envelopment. 

Suryani, Hendrawan, Adipraja, et al. (2020) To evaluate and improve the effectiveness of 

transportation systems and reduce traffic congestion. 

Xue et al. (2020) Use system dynamics to analyze the benefits of transit 

metropolis construction. 

Suryani, Hendrawan, Mukti, and Zahra (2020) To decrease congestion costs using transit-oriented 

development (TOD). 

 
METHODOLOGY  

System dynamics is a technique for managers to analyze complex problems using computer-based simulations 

(Ahmarofi, Abidin, & Ishak, 2021). It was founded in the late 1950s at the Massachusetts Institute of Technology (MIT) 

by the prominent founder Forrester (Yearworth, 2014). Since the 1950s, the methodology has been widely used in a 

variety of fields of research, including constructing congestion charge models among others. The method is used to 

construct models of the real world and to understand how the structure of the model affects the dynamic behaviour of the 

model over time (Sterman, 2000). In general, it is a combination of both qualitative and quantitative aspects that is used 

to convey complicated concepts. The approach is based on the feedback control theory, equipped with computer 

simulation technology, and used in quantitative research in complicated socioeconomics fields (Vafa-Arani, Jahani, 

Dashti, Heydari, & Moazen, 2014).  

There are four stages in SD simulation namely the articulation of a problem, the development of the CLD model, the 

construction of a stock-flow diagram (SFD), and a model evaluation. However, this research only develops a CLD model 

to inspect the cause and effect of road pricing implementation to reduce road congestion.  

In terms of data collection, the data was obtained through journals and research papers that have the same area 

regarding road pricing and road congestion problem. All materials were retrieved from different scientific databases; 

Scopus, Emerald Insight, and Researchgate.      

In addition, Vensim software was utilized in this research for developing the CLD model since the software obtain 

the highest score in terms of the learning curve, i.e., the degree of easiness in developing the simulation model (Ahmarofi 

et al., 2021).  System dynamics is fundamentally reliant on the causal loop diagram (CLD) as a simple mind map for 

describing the dynamic relationship between multiple factors. It is capable of displaying the effect of each variable on the 

other variables concurrently. In developing CLD, each causal link is polarised, either positive or negative, to indicate how 

changes in the independent variable affect the dependent variable (Sterman, 2000). Table 2 shows the link polarity in the 

development of a causal loop diagram. 

 

Table 2.  Link polarity in the development of causal loop diagram. 

Example of a causal relationship The explanation of the relationship 

  

The (+) in an arrow indicates that if the parameter 

of the Urban Population variable increases, the 

parameter of the Travel Demand variable increases. 

In contrast, if the parameter of the Urban 

Population variable decreases, so does the Travel 

Demand.  

  Urban 

Population 
Travel  

Demand 
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The (-) in an arrow indicates that if the parameter 

of the Trip Cost variable increases, the parameter 

of the Trips per Day variable decreases. In contrast, 

if the parameter of the Trip Cost variable decreases, 

the parameter of the Trips per Day increases.  

 

In addition, a feedback loop is one of the important processes involved in the development of CLD. Table 3 below 

explains the reinforcing loop and balancing loop polarities applied in this study. If the number of negative link polarities 

is even, then the loop polarities are positive. In contrast, if the number of negative link polarities is odd, then the loop 

polarity is negative.  

A reinforcing feedback loop is a positive (+) feedback system and is normally indicated by capital “R”. It modifies 

variables in two conditions whether to increase or decrease value (Sterman, 2000). In contrast, a negative feedback loop 

is a balancing loop with a negative (-) sign and is normally indicated by capital “B”. It looks for stability that causes a 

variable away from the target. The balancing feedback loop describes processes that tend to be self-limiting and look for 

balance and equilibrium (Sterman, 2000). 

 

Table 3.  Description of loop polarity in the causal loop diagram. 

Symbol of loop 

polarity 

 

Example of loop polarity 

The explanation for example loop 

polarity 

  If the degree of road congestion 

increases (decreases), the allure of 

driving decreases (increases). 

However, as the appeal of driving 

increases, the degree of road 

congestion increases or decreases 

proportionally. As a result of the 

negative polarity link indicating an 

odd number, the causal loop is 

considered a balancing loop (B). 

 

  The urban population has a positive 

relationship with travel demand and 

vice versa. If the urban population 

increase (decreases), then the travel 

demand increase (decreases), 

accordingly. If the travel demand 

decrease (increase), then the urban 

population also decrease (increase), 

as appropriate. Therefore, the causal 

loop is considered reinforcing (R) due 

to the negative polarity link being 

zero which indicates an even number.  

 

Furthermore, in the development of CLD, endogenous and exogenous factors were identified. The endogenous 

variable is the factor that correlates with other factors within the system being studied. In contrast, the external factors 

related to road pricing management are called exogenous variables. In Table 4 below, identified factors in the 

development of the CLD model are listed.  

 

Table 4.  List of identified factors in the development of the causal loop diagram model for road pricing. 

Variable 
Description Type of Variable 

Urban Population The total number of urban 

populations by years 

Endogenous variable 

Travel Demand  The total travel demand per year Endogenous variable 

Growth Rate of Vehicles The growing number of vehicles per 

year 

Endogenous variable 

Number of Vehicles The total rate of vehicles per year Endogenous variable 

Trip 

Cost 

Trips per 

Day 

 

   B 

 

 

Attractiveness 

of Driving 
Degree of 

Road 

Congestion 

   B 

   R 

  
Urban 

Population 

Travel  

Demand 

 

 

   R 
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Vehicle Sharing Rate The total number of the vehicle-

sharing rate 

Exogenous variable 

Private Vehicles Ownership The total number of private vehicle Endogenous variable 

Degree of Road Congestion The degree of road congestion Endogenous variable 

Pollution  The degree of pollution Exogenous variable 

Health Risks The degree of health risks Exogenous variable 

Pressure of Government The pressure on the government Endogenous variable 

Investment in Public Transport The investment in public transport Endogenous variable 

Adequacy of Public Transport The satisfaction level of public 

transport 

Endogenous variable 

Public Transport Users The number of public transport users 

per year 

Endogenous variable 

Road Pricing Charge The road pricing charging Endogenous variable 

Trips Cost The cost for every trip made by the 

driver per day 

Endogenous variable 

Trips per Day The number of a trip made by 

drivers per day 

Endogenous variable 

Traffic Volume The number of vehicles in each 

traffic flow 

Endogenous variable 

Travel Time The total time taken by a driver for 

every travel 

Endogenous variable 

New Road Construction Construction of new road Endogenous variable 

Attractiveness of Driving The attraction for users to drive their 

vehicle 

Endogenous vehicle 

 
EXPERIMENTAL RESULTS 

The result of the cause-and-effect relationship between exogenous and endogenous variables as listed in Table 4 is 

connected through the link polarity within the CLD. The constructed CLD is illustrated in Figure 1 to conceptualize the 

related causes and effects within the road pricing system.  

 

 

Figure 1. Causal loop diagram of main variables of road pricing system. 

The developed CLD incorporates five loops: congestion, public transportation, road pricing, new road construction, 

and driving attraction. Each of the loops contains identified variables, such as those that should be prioritized when 

managing road pricing. 
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Figure 2. Road congestion subsystem. 

Loop R1: Road Congestion. 

 

As illustrated in Figure 2, Loop R1 is categorized as a reinforcing loop due to the even number of negative polarities. 

The related variables are urban population, degree of road congestion, the attractiveness of driving, pressure of the 

government, number of vehicles, growth rate of the vehicle, and travel demand. Congestion increases in severity as the 

number of vehicles on the road increases. Thus, the variables included in this loop should be scrutinized more closely, as 

they will result in unanticipated changes. The increased vehicle count can be attributed to a lower vehicle sharing rate, a 

high rate of private vehicle ownership, and a vehicle growth rate. Vehicle growth rates also increased in response to the 

increase in travel demand. Additionally, travel demand will increase as the urban population grows. Additionally, an 

increase in the degree of road congestion will affect the attractiveness of driving and the government's pressure. 

 

 

Figure 3. Driving attraction subsystem. 

 

Loop B1: Driving Attraction. 

  

As illustrated in Figure 3, when the level of road congestion increases, the allure of driving diminishes. Consequently, 

the number of trips per day decreases as the attractiveness of driving declines. The number of trips made per day affects 

the volume of traffic. A decrease in daily trips equates to a decrease in traffic volume. As a result, travel times have 

decreased. As travel time decreases, the degree of road congestion decreases as well. The driving attraction loop is 

considered a balancing loop. The balancing loop has the effect of stabilizing the variables. Thus, all variables will 

contribute to changes in their effect on the suit condition (increase or decrease).  
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Figure 4. New road construction subsystem. 

 

Loop R2: New Road Construction. 

 

In contrast, Figure 4 shows that the government faces increased pressure as the degree of road congestion and pollution 

increases. Increased pressure on the government prompted the government to consider three strategies: new road 

construction, public transportation investment, and road pricing charging. However, when a new road is constructed, it 

attracts more people, which increases the appeal of driving. As a result, the degree of road congestion increases. 

 

 
Figure 5. Public transport subsystem. 

 

Loop B2: Public Transport. 

 

The public transport loop in Figure 5 shows when the government invests more in public transportation, the system's 

adequacy improves. As a result, the number of people using public transportation will increase, thereby decreasing the 

degree of road congestion. Furthermore, this loop shows positive feedback as the number of negative polarities is even.  
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Figure 6. Road pricing subsystem. 

 

Loop R3: Road Pricing.  

 

In Figure 6, increases in the road pricing charge will result in an increase in the trip cost on the R3 loop. When the 

cost of a trip increases, people tend to make fewer trips per day to save money. Reduced daily trips result in decreased 

traffic volume and improved travel time. As a result, road congestion will also decrease. Consequently, the reduction in 

traffic volume will increase workers’ productivity, road safety, and local air quality. 

Due to the even number of negative polarities, traffic congestion, new road construction, and road pricing loops are 

reinforcing. Since the loop is self-reinforcing, it leads to the exponential growth of traffic congestion, the pressure of the 

government, new road building, road pricing charge, and travel time. As a result, this loop must be more concerned with 

unexpected changes. 

 

CONCLUSION AND FUTURE WORK 

Congestion is a global obstacle to the development of a resilient and sustainable traffic management system. Given 

that nearly one-fourth of energy-related global greenhouse gas emissions come from the transport sector and that these 

emissions are projected to increase substantially in the coming decades, the transport sector will play a crucial role in 

achieving the goals of the Paris Agreement. In this paper, five subsystems were created during the development of CLD 

to develop a conceptual model for road pricing management. Three reinforcing loops and two balancing loops are 

included. According to this analysis, authorities should closely monitor with high integrity and ethics the road congestion 

loop, the road pricing charge loop, and the new road construction loop in the road pricing system, as these loops are 

mutually reinforcing (R). The authorities should devise a proper and formal policy (McGuffog, 2018). Values, morals, 

ethics, and integrity should be added and highlighted in the policy (Azizul & Kamarudin, 2021, Haron et al., 2020, Wan 

Husain, 2020). When one variable in this loop increases, another variable typically increases as well.  

On the other hand, the research's balancing loop is the driving attraction loop and public transport. This is due to the 

unusually high number of negative links. Hence, this loop will have a balancing effect on the associated variables. As a 

result, all of the factors involved will increase or decrease to achieve equilibrium between the related factors. Moreover, 

this finding is appropriate to be suited to other big cities in Malaysia such as Johor Bahru and Georgetown in Penang 

since the nature of the road congestion is almost identical. CLD is found to be an appropriate guide when developing a 

conceptual model for road pricing management. Additionally, CLD can help identify the primary factors underlying the 

problem being studied by incorporating holistic perspectives from previous works and experts in the field. For future 

work, the developed CLD should be extended to the next stage of the SD model which is the SFD model. Furthermore, 

other potential variables that should be considered in the development of the road pricing model are private parking 

charges and the fee of public transport such as the light rail transit system. 

In this paper, the proposed cause-and-effect model of road pricing shows that some variables need to be given full 

attention to reducing congestion problems. However, this will not be possible without action from the authorities because 

this study is done as a stepping stone in addressing the problem of congestion. Therefore, those in charge should carry 

out their duties with full integrity so that this congestion problem can be tackled and controlled. 
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