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This study postulated that the ratio of motorcycle to car ownership (MPC) could 
provide an indication of the level of traffic mix that help policy makers push for 
the best strategy according to the per capita gross domestic product (GDP), 
relative improvements in road mobility over road accessibility (MPA) and income 
inequality (GINI). Using a panel dataset of 53 countries between 1963 and 2013, 
three empirical studies using fixed-effects linear regression and Gompertz 
function were conducted to test the above argument. 

The first empirical study indicated that a rise in MPA led to increases in MPC at 
lower per capita GDP but led to decreases in MPC once per capita GDP exceeds 
USD$3,081. When the income level surpasses USD$44,767, rising MPA led to 
increases in MPC again. In the presence of MPA effects, MPC was found to be 
influenced by income inequality in a reverse U-shaped relationship. In the 
absence of MPA effects, the reverse U-shaped relationship between MPC and 
per capita GDP was found to exist under high income inequality condition. The 
second empirical study found that the direct effects of GDP on MPC were found 
to be positive at low levels of GDP and turned negative at higher levels of GDP. 
The indirect effects were transmitted through changes in GINI as GDP rises. The 
overall effects were found to be greater than the direct effects at both the lower 
and higher ends of GDP but marginal at GDP level of USD$7,436. The third 
empirical revealed that the rate of CAR was the highest under mid-range MPA 
and lower GINI conditions. In contrast, the rate of CAR was the lowest under 
extreme MPA and higher GINI conditions. 

In conclusion, lower income countries are expected to observe a rapid rise in 
motorcycle use if high mobility roads dominate the road network which in turn 
would face a serious road safety issue. As such, these countries should 
introduce new or enhance existing regulations on motorcycling, while looking into 
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the feasibility of building dedicated road infrastructure for motorcycles. On the 
other hand, higher income countries with narrow income gaps and a balanced 
mix of high mobility and high accessibility roads would observe rapid increase in 
car use. These countries are recommended to strategize interventions to handle 
the rise in traffic demand such as increasing the road capacity or introducing 
policies to control car use.  



© C
OPYRIG

HT U
PM

iii 
 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

 

KESAN PEMBANGUNAN JALAN RAYA, KETIDAKSEIMBANGAN 
PENDAPATAN DAN PERTUMBUHAN EKONOMI KE ATAS 

PERTUMBUHAN PEMILIKAN KENDERAAN PERSENDIRIAN 
 

Oleh 
 

ALVIN POI WAI HOONG 
 

Ogos 2022 
 
 

Pengerusi : Law Teik Hua, PhD 
Fakulti  : Kejuruteraan 
 
 
Kajian ini bertanggapan bahawa nisbah pemilikan motosikal berbanding kereta 
(MPC) dapat dijadikan sebagai satu indikasi tahap keseragaman trafik yang 
membolehkan penggubal polisi membuat strategi berlandaskan keluaran dalam 
negara kasar per kapita (GDP), nisbah tahap mobiliti jalan berbanding tahap 
kebolehcapaian jalan (MPA) dan ketidakseimbangan pendapatan (GINI). Bagi 
menentukan kesahihan hujah ini, tiga (3) kajian empirikal telah dijalankan ke atas 
data panel untuk 53 negara di antara tahun 1963 dan 2013 menggunakan 
kaedah regresi linear kesan tetap dan fungsi Gompertz. 
 
 
Kajian empirikal yang pertama mendapati bahawa seiring dengan peningkatan 
nisbah MPA, nisbah MPC didapati meningkat pada tahap GDP yang rendah, 
tetapi menunjukkan penurunan setelah tahap GDP melangkaui USD$3,081. 
Nisbah MPC dilihat meningkat lagi apabila GDP melepasi tahap USD$44,767. 
Di bawah pengaruh MPA, nisbah MPC menunjukkan peningkatan pada kadar 
GINI yang rendah sebelum menunjukkan corak menurun apabila GINI mencapai 
nilai 27.4. Sekiranya tanpa pengaruh MPA, corak perubahan nisbah MPC yang 
meningkat dan kemudian menurun tersebut dapat dilihat di bawah kadar GINI 
yang tinggi sahaja. Kajian empirikal kedua mendapati bahawa pada tahap GDP 
yang rendah, GDP mempunyai kesan langsung yang positif ke atas MPC dan 
kesan langsung yang negatif pada tahap yang tinggi. Kesan tidak langsung GDP 
ke atas MPC pula boleh dilihat menerusi GINI yang berubah seiring dengan 
perubahan tahap GDP. Di kedua-dua penghujung rendah dan tinggi tahap GDP, 
kesan keseluruhan GDP ke atas nisbah MPC adalah didapati lebih besar 
berbanding kesan langsung sahaja, manakala cuma menunjukkan perbezaan 
yang tidak ketara pada tahap GDP USD$7,436. Kajian empirikal ketiga pula 
menunjukkan bahawa kadar pertumbuhan CAR adalah paling tinggi di bawah 
julat nisbah MPA pertengahan dan kadar GINI yang rendah. Sebaliknya, kadar 
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pertumbuhan CAR didapati paling rendah apabila nisbah MPA berada pada julat 
yang ekstrem dan kadar GINI berada pada kadar yang tinggi. 

Kesimpulannya, negara berpendapatan rendah dijangka akan mengalami 
pertumbuhan mendadak dalam penggunaan motosikal sekiranya lebih banyak 
jalan bertahap mobiliti tinggi dibina berbanding jalan bertahap kebolehcapaian 
tinggi di mana isu keselamatan jalan raya akan bertambah serius. Oleh itu, 
negara sebegini perlu memperkenalkan undang-undang baharu atau 
memperkasakan undang-undang jalan raya sedia ada berkaitan keselamatan 
motosikal di samping mengkaji keperluan penyediaan infrastruktur khas bagi 
pengguna motosikal. Sebaliknya, negara berpendapatan tinggi yang mempunyai 
jurang pendapatan kecil dan nisbah yang seimbang antara jalan bertahap 
mobiliti tinggi dan jalan kebolehcapaian tinggi dijangka akan mengalami 
pertumbuhan mendadak dalam penggunaan kereta. Negara-negara ini adalah 
disarankan untuk merangka intervensi-intervensi bagi menampung peningkatan 
kereta di atas jalan raya seperti meningkatkan kapasiti jalan atau 
memperkenalkan polisi untuk mengawal penggunaan kereta. 
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CHAPTER 1 
 

INTRODUCTION 
 
 
This chapter first describes the supply and demand of the road transportation 
system and the role of transport policies in maintaining a balance between them. 
It then provides some statistics on vehicle ownership growth and road 
development for selected countries of different income levels to highlight the 
issues related to environmental degradation and road traffic injuries. In order to 
explain the theoretical framework that this study used, this chapter also highlights 
the work of Simon Kuznets who revealed the relationship between economic 
growth and income inequality as an inverse-U shaped curve. This chapter then 
outlines several research questions, study objectives and explain the 
significance of the study. The last part of this chapter included a brief overview 
of the content of other chapters in this dissertation. 
 
 
1.1  Background of the Study 
  
 
Over the past decades, the vehicles and the roads have been evolving over time 
as new technology advances rapidly due to the effect of globalization. They 
become fundamental components of the economic activities whereby economic 
activities are more likely to take place if there are good accessibility to markets 
and resources. The presence of road infrastructure and vehicles hence supports 
mobility of humankind in their daily lives of which one critical purpose is moving 
to and from the workplace. In other words, the road transportation system is 
composed of a supply factor (road infrastructure) and the demand factor (vehicle 
use). Crafting transport policies to maintain a healthy balance of the 
interdependency between the supply and demand of the road transportation 
system is therefore an utmost priority of any country ever since.  
 
 
The level of a balanced supply and demand of the road transportation system is 
heavily depended on the incomes of the people which also determines the type 
of vehicle owned and used. As a matter of fact, people do shift from one mode 
to the other as the level of incomes changes. Among the various type of vehicle 
used, the motorcycle is the cheapest mode in terms of the cost of the machine, 
the amount of fuel consumed and the cost to service the machine. In addition, 
no toll collection is imposed on the use of motorcycles and the cost of parking is 
relatively low. All these costs are significantly higher for the cars. Motorcycles 
can be considered as inferior goods whereby when income increases, the 
demand for it decreases as people would want to use the car which are more 
comfortable, more prestige and safer (Poi et al., 2021).  
 
 
Figure 1.1 illustrates the average change in the level of motorcycle and car 
ownerships for selected countries of different income levels between 1990 and 
2013 analyzed using data obtained from the International Road Federation (IRF) 
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World Road Statistics (IRF, 2010; IRF 2015). The countries were grouped 
according to the income classifications of the World Bank for incomes in 2013. 
One notable observation is that low-income countries experienced the highest 
increase in both motorcycle and car ownership while high income countries 
showed a very little increase in car ownership per capita. Some high-income 
countries even demonstrated a reduction in car ownership. This shows a 
contrasting scenario in vehicle ownership growth for countries with different 
income levels which requires different policy approaches to address the negative 
impacts brought upon by each vehicle mode. The rise and fall of each vehicle 
mode could affect how transport policies are to be formulated to sustain a 
balanced supply and demand of the road transportation system. 
 
 

 
 
Figure 1.1 : Average change in motorcycle and car ownership per capita 
by income group between 1990 and 2013 
 
 
On the supply side, one important role transport policies play is to control the 
design and construction of land transport infrastructure to meet the mobility 
needs of the people and to ensure sustained economic growth. One significant 
role is to develop the land public transportation landscape to provide a reliable, 
safe, and affordable rail system to the public such as the interurban passenger 
train and the mass rapid train in urban areas. When most of the travels happen 
on public transportation, the benefits include slower degradation of the 
environment and lower economic losses due to road traffic injuries. Another 
important role of transport policies is none other than to regulate road 
infrastructure development where they should ensure that urban growth happens 
in an orderly manner. This includes ensuring the existence of a good integration 
of road functions to balance the demand of mobility as well as accessibility of 
road travel. In this regard, sustainable road development policies would ensure 
that the road network is served by a balanced blend of high mobility roads (roads 
that provide high speed travel and low level of interruption due to exiting or 
entering traffic) and high accessibility roads (roads that provide low to medium 
travel speed and high level of interruption due to exiting or entering traffic).  
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According to data published by the International Road Federation (IRF), the 
development rate of these roads differs among countries in which the level of 
economic growth (income level) is one major factor. Figure 1.2 shows the change 
in average road length for selected countries between 1990 and 2013 analysed 
using data obtained from IRF World Road Statistics. As economic activities 
expand at a higher rate in low and middle-income countries, the road 
development rate in these countries especially high mobility roads is higher 
compared to high-income countries. The most notable impacts of road 
development on economic growth have been the savings in transportation times 
and increased accessibility to labour markets (Konishi, 2000; Gunasekera et al., 
2008; Duncan, 2007). 
 
 
On the demand side, sustainable transport policies would encourage the people 
to opt for public transport and reduce dependency on private vehicles. These 
policies are used to maintain the vehicle population at a level that can be 
supported by the existing road infrastructure and the road capacity planned for 
the future. More importantly, they should be able to control the growth of 
motorcycles when dedicated facilities for motorcycling are not extensively built 
across the road networks. And they should be effective in curbing the growth of 
cars before most road networks reach their capacity. In this respect, policy 
makers should be well informed of the factors influencing the demand of vehicle 
ownership that range from the people’s income, socioeconomic wellbeing, 
household and geographical characteristics to alternative transport modes 
(Delbosc, 2013; Nolan, 2010; Chiou et al., 2009; De Jong et al., 2004). 
 
 

 
 
Figure 1.2 : Change in average road length (kilometre) by income group 
between 1990 and 2013 
 
 
When transport policies fail to achieve the above, uncontrolled use of private 
vehicles can cause detrimental effects on the people. The most critical issue with 
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the use of motorcycles on high mobility roads is the high risk of sustaining severe 
injuries especially in low- to middle-income countries. According to a report 
published by the World Health Organization (WHO), the risk of a road traffic 
death in low-income countries is more than 3 times higher compared to high-
income countries, with more than 40% of road traffic deaths in South-East Asia 
(where most of the countries are low to middle income) are among motorcyclists. 
On the contrary, countries with excessive use of cars often face with the 
problems of road congestion as well as air pollution especially in large and 
developing cities (Lu et al., 2021; Anderson, 2014). The International Transport 
Forum (ITF) estimated that by 2050, CO2 emissions due to land passenger 
transport will increase by up to 110% globally (OECD/ITF, 2015) with the road 
transportation contributing the largest share among all transportation modes 
(Albuquerque et al., 2020). 
 
 
Interventions to overcome the excessive use of motorcycles and cars are 
different and as such there is no “one size fits all” policy to address all the 
negative impacts. Also, certain interventions designed to address impacts from 
the use of motorcycles may not be friendly for cars and vice versa. For example, 
retrofitting existing roads with dedicated motorcycle lanes to segregate 
motorcyclists from other vehicles may require the removal of the shoulder which 
is not safe for car users. On the other hand, building more high mobility roads as 
a measure to accommodate increased car use increases the exposure of 
motorcyclists to high-speed vehicles.  Also, effective formulation and 
implementation of interventions greatly depends on the constraints faced by 
each country. Low-income countries typically suffer from insufficient financial 
resources while richer countries have always need to face with land constraint 
and public opposition to government interventions. 
 
 
In order to formulate effective and sustainable transport policies to reduce the 
adverse impacts of private vehicle use as early as possible, understanding the 
growth pattern of motorcycles and cars is important. But a more important 
knowledge policy makers should acquire is the evolution of the motorcycle to car 
ownership ratio (MPC). As mentioned earlier, people tend to shift their mode of 
transport from motorcycle to car as their income increases. The time at which 
this shift happen would help policy makers to anticipate the forthcoming 
dominant mode of transport and thereby determine how soon the relevant 
preventive policies should be introduced.  
 
 
To my best knowledge at present, the first study that investigated the turning 
point of MPC with respect to per capita gross domestic product (GDP) was 
published by Law et al. (2015). The study used a dataset of 80 countries with 
varying income levels for the period between 1963 and 2010 to explore factors 
that could have significant effects on the link between MPC and per capita GDP. 
The results showed that MPC changes in response to per capita GDP in an 
inverse-U shaped pattern or more commonly known in the literature as the 
Kuznets curve (KCv). The other contributing factors to the relationship were 
urbanisation, road length and vehicle purchasing power. 
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The Kuznets curve is used by researchers to illustrate the inverse-U shaped 
relationship between economic growth and another subject of interests, based 
on the original work of Simon Kuznets that examined the rise and fall of income 
inequality as the per capita income grows. The study revealed that income 
inequality is low at the beginning of economic development, rises during the era 
of industrialisation and falls as the economy reaches maturity (Kuznets, 1955). 
This hypothesis has sparked a great interest among economists as well as 
researchers from other fields to test the relationship and the relationship has 
been replicated ever since. The first motorcycle ownership study using KCv as 
the theoretical framework was published by Nishitateno and Burke (2014) who 
investigated factors influencing the decision to own and use a motorcycle. The 
authors identified that the level of affordability, safety and comfort all contributed 
to the level of motorcycle ownership across 153 countries. 
 
 
Considering that income level and income inequality has a strong relationship, 
several studies attempted to examine the effect of such relationship on vehicle 
ownership.  Some studies indicated that income inequality has a certain degree 
of influence on policies targeting poverty reduction (Kyroglou, 2017; Ravallion, 
2014; Naschold, 2002). An interesting study found that low-income groups in fact 
benefit from rising income inequality when prices of goods are made more 
affordable to accommodate their low buying power (Bergh and Nilsson, 2012). 
The existence of income inequality does impose a certain degree of 
disadvantage with respect to transport expenditure and economic growth. In 
studying the shift of vehicle ownership mode between motorcycle and car, the 
effect of income inequality should not be discounted.    
 
 
Based on the above, several research gaps were identified. The indicator of 
economic growth which is the per capita GDP is often used to represent the 
income level. However, road development which was proven to have a 
significant impact on economic growth was only considered in very few studies 
to predict the growth of vehicle ownership. Even so, the road development 
variable accounted for in these studies was taken in the form of road density 
(Cao and Huang, 2013), road length (Law et al., 2015) and road area per capita 
(Yang et al., 2017), whereby the function of the road was not accounted for. It is 
believed that the effects on vehicle ownership differ by road functions, especially 
if high mobility roads such as the highways are compared to high accessibility 
roads such as the local roads, and a country should have a balanced ratio of 
these roads to spur economic activities.   
 
 
Prioritizing road development and reducing income inequality impose a huge 
burden on a country’s development fund. Smart investment policies are needed 
to optimize the benefits and costs from these developments, and it is crucial to 
understand the relationships between these factors and vehicle ownership 
growth. At present, there is no study exploring the effects of the interaction 
between economic growth, road development and income inequality on vehicle 
ownership growth particularly MPC. For example, both road development and 
income inequality were found to affect economic growth, but these relationships 
were investigated independently. It is worthwhile to examine the interaction 
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effect between these two variables on economic growth, and then understand 
how these could change the role of economic growth on MPC. Policy makers 
could then make use of such relationships to formulate appropriate road 
development policies to counter the effect of worsened or improved income 
inequality condition to control the growth of motorcycle and car use on the road. 
 
 
These arguments pointed to the fact that both road development and income 
inequality are significant factors that should be considered in any studies 
predicting vehicle ownership growth. However, there are several questions to be 
answered but have not been addressed in any studies at present. They are: 
 
 
1. When will the turning point of MPC KCv happens with respect to per capita 

GDP? 
2. What is the impact of relative improvement in high mobility over high 

accessibility roads (MPA) and income inequality on the turning point of MPC 
KCv? 

3. Are there any indirect effects of income inequality on MPC brought about 
through changes in per capita GDP? And if yes, how does it change the 
turning point of MPC KCv?  

4. What is the impact of relative improvement in high mobility over high 
accessibility roads (MPA) and income inequality on car ownership growth? 

 
 
1.2  Objectives of the Study 
 
 
The primary objective of this study was to assess the impacts of relative 
improvements in high mobility over high accessibility roads (MPA) and income 
inequality on the relationship between the motorcycle to car ownership ratio 
(MPC) and economic growth. The specific objectives were as follows: 
 
1. To determine the effects of MPA, income inequality and per capita GDP on 

MPC and the effects of the interactions between these factors. 
2. To determine the direct and indirect effects of per capita GDP on MPC 

transmitted through the impacts of per capita GDP on income inequality. 
3. To determine the effects of MPA and income inequality on the S-shaped 

growth curve relationship between car ownership and per capita GDP. 
 
 
1.3  Significance of the Study 
 
 
Economic growth improves the livelihood of people and is something that every 
country experiences over time regardless of income levels. However, it also 
comes with negative effects on the environment and the socioeconomic 
wellbeing of the people if appropriate measures are not in place especially with 
regard to controlling vehicle growth. Developed countries have scientifically 
proven policies to reduce private vehicle use because they have adequate 
resources and advanced technical competencies. Low and middle-income 
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countries do not have the same luxuries to do the same. The best way therefore 
is for these countries to reduce the anticipated adverse impacts by implementing 
the right preventive measures at the right time to address the right issue within 
their available resources.  
 
 
Developing the road infrastructure is by far one of the most common strategies 
in every country to boost economic growth. In this regard, it is critical for a country 
to have the right blend of road functions to support the different needs of the 
public and economic industry that change with the level of economic 
development. This is because the extent of positive impacts on economic growth 
differs by the type of road and the level of economic development of a country 
(Ng et al., 2017).  Further, prioritizing development of a particular road type may 
even generate economic loss in tandem with increasing use of a particular 
vehicle mode. As highlighted earlier, building more high mobility roads to cater 
for car use in low and middle-income countries is not a viable investment when 
motorcycles use is increasing. However, statistics as shown in Figure 1.2 
indicated that these countries observed a rapid rise in high mobility roads which 
could have a significant impact on road traffic injuries. The study by Law et al. 
(2015) could have provided a better explanation to this issue had it included MPA 
in examining the rise and fall of MPC with economic growth. 
 
 
There is a growing believe that income inequality has significant effects on the 
impact of income growth on vehicle ownership that cannot be neglected but were 
not examined in earlier studies. Adams Jr. (2004) claimed that income inequality 
does exist in every country whereby it affects the effectiveness of poverty 
reduction measure through economic growth. However, the evidence associated 
with the relationship between inequality and economic growth is rather mixed, 
and most literatures pointed to a negative relationship. Trouve et al. (2020) 
described that the relationship between income distribution and private car 
motorization becomes stronger as economic progresses especially among 
households in metropolitan areas where the need for motorized mobility is very 
much critical. As such, when income inequality is not addressed, it can cause 
the problem of transport disadvantage among the poor which then affect the 
pattern in vehicle ownership growth.  
 
 
Hence, this study was carried out based on the following premises: 
 
a) People do shift from motorcycles to cars as their income rises. The MPC 

KCv can be used to indicate the turning point of the shift. 
b) Roads of different functional classification have different impacts on the use 

of motorcycles and cars at different income levels. The MPA ratio can be 
used to indicate the extent of the impact. 

c) Income inequality influences the purchasing power of the people which 
could then affect the MPC ratio.    

 
 
 



© C
OPYRIG

HT U
PM

8 
 

This study however acknowledged the possibility of disturbances in the use of 
the MPC ratio to study the shift between the modes of vehicle. When income 
rises in lower income countries, not all motorcyclists would shift to car use. There 
is the possibility that a small number of them would remain using motorcycles 
due to convenience or choose the public transport in countries where 
infrastructure to support car use such as parking space is not adequate. Also, 
cars may not replace motorcycles when road congestion is so severe in some 
countries. Nevertheless, these scenarios were believed to be negligible and 
would not affect the trends of MPC as the economy grows. 
 
 
1.4  Scope of the Study 
 
 
This study focused on the growth of motorcycles and cars, road development, 
income inequality and economic growth and used a panel dataset of 53 countries 
over a 51-year-period (1963 to 2013). The sources of all data used were drawn 
from:  
 
1. International Road Federation (IRF) World Road Statistics (2010) and 

(2015). 
2. Penn World Table 7.1 (PWT 7.1), published by the Centre for International 

Comparison of Production, Income and Prices at the University of 
Pennsylvania, United States. 

3. World Development Indicator (WDI) by the World Bank Group. 
4. Standardized World Income Inequality Database (SWIID) by Frederick Solt. 
 
 
1.5  Outline of the Thesis 
 
 
This thesis starts with Chapter 1 which introduces the background of the study 
on the growth of motorcycle and car ownership, the study objectives and its 
contribution to policy making. It provides some statistics on vehicle ownership 
growth and road development for countries of different income levels to highlight 
the existing problems which could be addressed in this study. The chapter also 
lists the scope of the study. 
 
 
Chapter 2 provides a review covering topics of interest related to the impact of 
road development, income inequality and economic growth on private vehicle 
use. Most of the studies included in this review were selected from mainly 
transportation research and transport economics journals based on their 
relevance to the topics using the keywords private vehicle ownership, economic 
growth, road infrastructure development and income inequality. Also, this 
chapter describes the theoretical basis of the Kuznets curve and how it was 
applied on the study. 
 
 
Chapter 3 outlines the methodology of the study. This chapter begins by 
presenting a flow chart of the study design. The frameworks and model for the 
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three empirical studies are then presented. This chapter also outlines the data 
sources and descriptions of the variables, in addition to the methodology 
employed in analyzing the data. 
 
 
Chapter 4 presents the results and discussion sections. In total, three empirical 
studies were conducted. The first empirical study assessed the impacts of MPA 
and income inequality on the relationship between MPC and per capita GDP. 
This study used the fixed-effects panel regression on a panel data for 53 
countries at various levels of economic growth between 1963 and 2013. The 
second empirical study examined the direct and indirect effects of per capita 
GDP on MPC under the moderating effect of income inequality. It used two fixed-
effects panel data models to obtain the estimates of the direct and indirect 
components in the relationship between MPC and per capita GDP. The third 
empirical study examined the effects of MPA and income inequality on the 
relationship between car ownership and economic growth. It used the Gompertz 
function to model changes in the growth rate of car ownership and the income 
elasticities.  
 
 
Chapter 5 summarizes the research findings from the three empirical studies and 
discusses the study contributions, policy implications, limitations, and directions 
for future research. 
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