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National private vehicle (motorcycle and car) ownership varies among countries,
cities and geographical regions but is strongly related to per capita income at
different levels. During the early stages of economic development, the mode of
transport is mainly motorcycles. As the countries’ economy grows, due to safety,
convenience and comfort, car demand increases. However, factors such as
urbanization and price level greatly affecting the choice of travel mode. Three
empirical investigations were conducted and the research objectives are as follows:
(i) to evaluate the relationship between urbanization, price and income level on
motorcycle ownership and the effects of interactions between these factors, (ii) to
determine the effect of urbanization, inflation and income level on car ownership and
the effects of interactions between these factors and (iii) to assess the relative growth
in motorcycle ownership as compared to the growth in private car ownership and per
capita income. To shed light on the above issues, the negative binomial technique
was used for the first objective to analyse on a panel of 73 countries over a period of
51 years, from 1963 to 2013. However, for the second objective, the Gompertz model
was applied to analyse on a panel of 73 countries between 1963 and 2013. Finally,
panel linear regression analysis was conducted for the third study using time-series
cross-sectional data of 76 countries between 1963 and 2013.

The first empirical study was to assess the effect of urbanization, price and per capita
income on motorcycle ownership and the effects of interactions between these
factors. Results indicated an inverse U-shaped relationship between the price level
and motorcycle ownership. The estimated turning point of the inverse U-shaped
relationship was found to increase with a rise in urbanization level. This inverse U-
shaped relationship turned into U-shaped at a higher urbanization level. The results
also confirmed the motorcycle-Kutznets relationship with per capita income and
suggested that the inverse U-shaped varied with both price level and urbanization.



The turning point decreased with increased urbanization under low price level,
whereas the turning point increased with increasing urbanization under high price
level. The second study reports the results of an empirical analysis of an S-curve
relationship between car ownership and per capita income. Rapid urbanization
induces car ownership, but the deterioration of purchasing power during high
inflation may suppress this effect. Thus, the impact of urbanization on car ownership
may vary across different inflation rates. This study aimed to examine the effects of
urbanization and inflation on the S-shaped curve relationship between car ownership
and per capita income. The results indicated that car ownership showed relatively
greater elasticity to per capita income under high urbanization levels and low
inflation rates. The evidence presented in this study suggests that car ownership
reaches a higher saturation level under higher than lower urbanization. The third
empirical study examined the relative growth of motorcycles to the relative growth
of cars with per capita income. The estimated result pointed to an inverse U-shaped
relationship between the relative growth of motorcycles to the relative growth of cars
with the per capita income. The underlying factors that contributed to this
relationship were urbanization, price level and road density. The impact of the price
level and road density on the relative growth of motorcycles to the relative growth
of cars was estimated to be positive at all per capita income levels, whereas negative
for urbanization in accordance with increases in the per capita income. The key
finding of this study indicates that before the threshold point of per capita income
the relative growth in motorcycle ownership is greater while the relative growth in
car ownership is greater after the threshold.
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Pemilikan kenderaan persendirian (motosikal dan kereta) berbeza antara negara,
bandar dan kawasan geografi tetapi berkaitan rapat dengan kenaikan pendapatan per
kapita. Semasa peringkat awal pembangunan ekonomi, mod pengangkutan yang
utama ialah motosikal. Apabila ekonomi sesebuah negara telah berkembang,
peningkatan permintaan terhadap kereta kian meningkat disebabkan keselamatan,
kemudahan dan keselesaan. Walau bagaimanapun, faktor seperti urbanisasi dan
inflasi sangat mempengaruhi pemilihan mod perjalanan.Tiga penyelidikan empirikal
telah dijalankan dan objektif penyelidikan adalah seperti berikut: (i) untuk menilai
kesan urbanisasi, inflasi dan pertumbuhan ekonomi ke atas pemilikan motosikal dan
kesan interaksi antara faktor-faktor ini, (ii) untuk menentukan kesan urbanisasi,
inflasi dah pertumbuhan ekonomi ke atas pemilikan kereta dan kesan interaksi antara
faktor-faktor ini dan (iii) untuk menilai kesan langsung dan tidak langsung inflasi ke
atas pemilikan motosikal berbanding pertumbuhan dalam pemilikan kereta
disebarkan melalui impak inflasi ke atas pertumbuhan ekonomi. Bagi memberi
penerangan tentang isu-isu di atas, teknik negatif binomial digunakan untuk objektif
pertama untuk menganalisis 73 buah negara dalam tempoh 51 tahun, dari 1963 ke
2013. Untuk objektif kedua, model Gompertz telah digunakan dan akhirnya, analisis
regresi linear panel dilakukan untuk kajian ketiga menggunakan data keratan rentas
siri masa 76 negara antara tahun 1963 dan 2013.

Kajian empirikal pertama adalah untuk menilai kesan urbanisasi, harga dan tahap
pendapatan terhadap pemilikan motosikal dan kesan interaksi antara faktor-faktor ini.
Hasil kajian menunjukkan hubungan berbentuk U terbalik antara tahap harga dan
pemilikan motosikal. Titik perubahan meningkat dengan peningkatan urbanisasi dan
menjadi berbentuk U pada tahap urbanisasi yang lebih tinggi. Hasilnya juga
mengesahkan hubungan motosikal-Kutznets dengan pendapatan dan menunjukkan
bahawa bentuk U terbalik berbeza dengan tahap harga dan urbanisasi. Titik



perubahan menurun dengan peningkatan urbanisasi di bawah tingkat harga rendah,
sedangkan titik perubahan meningkat dengan peningkatan urbanisasi di bawah harga
tinggi. Kajian empirikal kedua melaporkan hasil analisis empirikal hubungan
lengkung-S antara pemilikan kereta dengan pembangunan ekonomi. Proses
pembandaran yang pesat mendorong pertumbuhan pemilikan Kkerata, tetapi
kemerosotan kuasa pembelian semasa kadar inflasi yang tinggi akan menekan kesan
pembandaran. Oleh itu, kesan pembandaran terhadap pemilikan kereta mungkin
berbeza mengikut kadar inflasi yang berlainan. Tujuan kajian ini adalah untuk
mengkaji kesan pembandaran dan inflasi terhadap hubungan lengkung-S antara
pemilikan kereta dan pembangunan ekonomi. Hasil keputusan menunjukkan bahawa
pemilikan kereta mempunyai keanjalan yang lebih besar pada pendapatan per kapita
semasa kadar pembandaran yang tinggi dan kadar inflasi yang rendah. Bukti yang
dibentangkan dalam kajian ini menunjukkan bahawa pemilikan kereta mencapai
tahap ketepuan yang lebih tinggi semasa kadar pembandaran yang lebih tinggi
berbanding dengan kadar yang lebih rendah. Kajian empirikal ketiga mengkaji
pertumbuhan relatif motosikal dengan pertumbuhan relatif kereta dengan
pendapatan per kapita. Hasil anggaran menunjukkan hubungan berbentuk U terbalik
antara pertumbuhan relatif motosikal dengan pertumbuhan relatif kereta dan
pendapatan per kapita. Faktor asas yang menyumbang kepada hubungan ini adalah
pembandaran, tahap harga dan kepadatan jalan. Kesan tahap harga dan kepadatan
jalan terhadap pertumbuhan relatif motosikal kepada pertumbuhan relatif kereta
dianggarkan positif pada semua tingkat pendapatan per kapita, sedangkan negatif
untuk pembandaran sesuai dengan kenaikan pendapatan per kapita. Penemuan utama
kajian ini menunjukkan bahawa sebelum titik perubahan pendapatan per kapita,
pertumbuhan relatif pemilikan motosikal lebih besar sementara selepas titik
perubahan pertumbuhan relatif pemilikan kenderaan lebih besar.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Chapter 1 outlines the research questions addressed in this dissertation and discusses
background issues related to the research. This chapter identifies the rationale
underlying the need for a better understanding of the effect of the economy on
national private vehicle (cars and motorcycles) ownership (PVO). Section 1.2 begins
with an overview of the problem of national P\VVO worldwide, followed by a brief
overview of previous studies on the relationship between national PVO and the
economy. The objectives of the research are then described, followed by a discussion
on the significance of the study and the scope of this research. An outline of the
dissertation, including a brief account of the contents of each chapter, and the
research contribution is then presented.

1.2 Background of the Study

Growth in national PVO can be expected following rapid economic development to
meet increased travel demands. As the gap between travel time by public transport
and a car increases, cars become more attractive (Limtanakool et al., 2006) and with
increasing travel distance and time, car travel increases (Carse et al., 2013).
Excessive development in PVO has led to many transport-related problems, such as
traffic congestion, road safety and air pollution. Previous studies indicated that
congested traffic conditions tended to lead to higher fuel consumption (Bao et al.,
2017; Jiang et al., 2018). In 2014, worldwide, 23% of total CO2 emissions were from
fuel combustion-related to transport (freight, air and sea), and 20% of emissions were
from road transport (International Energy Agency, 2016).

Motorcycles are the favoured mode of transport in South-East Asia countries! , as
they are a relatively cheap form of transport and offer a fast means of travel on
congested city streets. Furthermore, they require just a small parking space. The
number of motorcycles has increased each year in South East Asia countries, with
concurrent rises in the total number of motorcycle-related deaths. Motorcycle-related
deaths account for 43% of all deaths in South East Asia countries (WHO, 2018).
Automobile transport can be considered relatively safe as compared with that of
motorcycles transport. For example, an investigation of motorcycle-related deaths
indicated that riding a motorcycle was 39.4 and 17.5 times riskier (crash risk per
distance) than driving a car in the United Kingdom and Australia, respectively
(Houston, 2011). Radin Umar et al. (1995) indicated that the motorcyclist fatality
rate was 17 times higher than the car fatality rate in Malaysia. Although automobile
transport may be associated with reduced mortality rates, rapid growth in automobile

! The percentage of motorcycles in South-East Asia countries, such as Vietnam (95%), Cambodia
(72%), Laos (77%), Philippines (55%) and Malaysia (47%).

1


https://www.sciencedirect.com/science/article/pii/S0967070X17304262#bib12

numbers contributes to air pollution and traffic congestion. Automobile transport
contributed 75% of the total road transport emissions (Fontaras et. al., 2017).

Traditional approaches to alleviating the adverse effects of increases in car
ownership predominantly rely on raising driving costs, for example by introducing
congestion charges in central business districts and imposing high taxation on cars.
One approach adopted by higher-income countries is to enhance the efficiency and
convenience of public transportation services. In contrast, lower-income countries
may not be able to invest in such services because doing so would require sacrificing
investment in social development, a more crucial area. Against this background,
suitable approaches to transport management are required that do not impose large
financial burdens on consumers and are suited to diverse conditions in different
countries.

Recently, several studies confirmed an inverse U-shaped relationship between
motorcycle ownership (MO) and income (Sillaparcharn, 2007; Nishitateno and
Burke, 2014; Law et al., 2015). Nishitateno and Burke (2014) referred this
relationship as motorcycle-Kuznets curve. According to this relationship, MO
increases when countries shift from low-income to middle-income status, with
associated developments in urbanisation and road infrastructure, as well as changes
in travel needs. This inverse relationship between MO and income indicated that MO
grows as a nation’s economy develops, but decreases once incomes exceed a specific
level (as illustrated in Figure 1.1). As reported in previous studies (Dargay and
Gately, 1999; Dargay and Hanly, 2007; Wu et al., 2014), car ownership grew
moderately in the early stages of income level, then rose at an accelerating rate until
a maximum was reached at an inflection point, after which car ownership continued
to grow but at a decelerating rate, finally stabilizing as saturation was approached at
higher-income level. This growth trend was represented by an S-shaped growth
curve, as shown in Figure 1.2.
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Figure 1.1 : lllustration of motorcycle Figure 1.2 : lllustration of car ownership

ownership with per capita income with per capita income (Dargay and Gately,
(Nishitateno and Burke, 2014; Law et 1999; Wu et at. 2014)
al., 2015)


https://scholar.google.com/citations?user=J-rND7sAAAAJ&hl=en&oi=sra

1.3 Problem Statements

The earlier explanations in Section 1.2 put forward for growth in PVVO assume that
PVO is solely determined by income levels, without considering the effect of price
level. The economic literature consistently indicates that inflation raises the price of
services and goods, and hence reduces buying power (Molana, 1990; Manzoor et al.,
2011). Thus, increased demand for vehicles with lower operating and purchase costs,
such as motorcycles and mopeds, can be expected as price increases. However, as
noted by Law et al. (2015), the positive impact of inflation on MO declined as income
continued to grow. Law et al. (2015) argued that this was due to cars becoming
essential and more affordable as incomes rose to higher levels. Based on this premise,
the effect of price level on motorcycle or car purchases can be expected to vary at
different per capita income levels. Thus, per capita income levels can be expected to
affect the inverse U-shaped relationship between MO and per capita income.

Growth in the export of natural resources, manufactured goods and agricultural
products facilitates rapid urbanisation and growth of countries (Schultz, 1953; Zhang,
2017; Gollin et al., 2007, 2016). Urbanisation is defined as a process in which there
is a gradual increase in the concentration of a population residing in urban area, with
associated development and constriction (housing, road, etc.) (Shin, 2015).
Urbanisation induces growth in car ownership due to the need to travel longer-
distance to commercial centres (De Vos and Witlox, 2013), but high inflation may
suppress this effect, with erosion of purchasing power. To date, no studies have
examined the effects of inflation and urbanisation on the S-shaped growth curve
relationship between car ownership per capita income. Knowledge of the link
between car ownership and per capita income is crucial for policy makers, as it is
important for developing effective approaches for urban transportation planning and
reducing environmental health impacts. Therefore, the S-shaped link between car
ownership and per capita income requires further investigation.

According to Law et al. (2015), motorists tended to select cheaper modes of
transportation (e. g. motorcycles and mopeds) under high inflation, which led to
higher relative growth in MO as compared to growth in private car ownership.
Increase in price of goods due to inflation may affect the choice of mode at a different
level of per capita income. Furthermore, urbanisation induced travel demand but
distance to travel may affect the choice of transport mode. Thus, all these factors
may impact the relative growth of MO to private car at different level of per capita
income. Specifically, the substitution effect of motorcycle to car at higher per capita
income level.


https://www.sciencedirect.com/science/article/abs/pii/S096669231300183X?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S096669231300183X?via%3Dihub#!

The inverse U-shaped relationship between MO and state of economy, and car S-
shaped growth curve gives rise to the following questions.

1. Atwhat level of income does the turning point of the motorcycle-Kuznets
curve will occur?

2. What impact do high urbanisation and high prive level have on the turning
point of the motorcycle-Kuznets curve?

3. Are decreases in purchasing power caused by increases in price level
associated with a corresponding increase in MO?

4.  What do different levels of inflation have on the impact of urbanisation on
car ownership?

5.  What effects do different urbanisation and inflation conditions (i.e. high
urbanisation/low inflation or high inflation/low urbanisation) have on local
authority in transportation-related infrastructure planning?

1.4 Objectives of the Study

The primary objective of this study was to assess the relationship between national
private vehicle (motorcycles and cars) ownership, urbanisation, and economy. The
specific objectives were as follows:

1. Toexamine the effect of urbanisation, price level and per capita income on
MO and the effects of the interactions between these factors

2. To investigate the effects of urbanisation and inflation rate on the S-shaped
growth curve relationship between car ownership and per capita income

3. To assess the relative growth in MO as compared to relative growth in car
ownership and per capita income

15 Significance of the study

The significance of this research is contributing to the current literature on national
PVO and per capita income in three ways. First, this dissertation provides an
understanding of the motorcycle-Kuznets relationship between MO with per capita
income and between MO with the price level. The verification of this finding would
help to determine the investment and precautious measurement needed for different
urbanisation, price and economy level. Second, this dissertation assessed the effect
of urbanisation and inflation on the S-shaped curve for car ownership and per capita
income. Verification of the findings of this study could help to determine the type of
investment needed at different urbanisation and inflation levels to ease urbanisation
and transportation policies. Third, by assessing the effect of per capita income on the
MPCO, this dissertation provides insights into the transportation field. The finding
of this study is crucial to determine the type of investment needed at various mixed-
mode conditions of motorcycle and car at different per capita income levels.



1.6 Scopes of the study

This study focused on national private vehicle (motorcycles and cars) ownership,
urbanisation, and per capita income in a panel data with different levels of
development and growth over a 51-year-period (1963 to 2013). The sources of all
data used were drawn from,

(1) International Road Federation (IRF), World Road Statistic (WRS)
(2) Penn World Table 9.0 (PWT 9.0)

(3) World Development Indicator (WDI)

(4) European Statistics (EUROSTAT)

The sample size of the countries chosen was decided due to the reliable observation
of the number of motorcycles and cars for each country. Countries being omitted
mainly due to missing data from IRF. The countries chosen were those with at least
a minimum of 5 years’ observations during the study period to provide a
comprehensive and reliable data set for analysing the research problems.

1.7 Outline of the dissertation

This dissertation aimed to evaluate the relationship between national PVO and
urbanisation, and economy. With this aim in mind, it focused on three empirical
studies and is structured into five chapters.

To provide a context within which to consider these empirical studies, the relevant
literature is discussed in Chapter 2. An overview on global development trends in
growth of national PVVO according to the types of private vehicle (motorcycles and
cars) is presented to aid understanding of the association of growth of national PVO
with per capita income. Then, Kuznets curve in relation to MO and per capita income
is discussed from theoretical and empirical perspectives. A review of car ownership
model is presented, followed by review of the relationship between inflation and
income. Lastly, the role of urbanisation in growth in PVO is discussed.

Chapter 3 outlines the methodology of the research. This chapter begins by
presenting a flow chart of the study design. The frameworks and model for the 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 analysing
the data.

Chapter 4 presents the results and discussion sections. In total, three empirical
investigations were conducted. The first empirical study assessed the relationship
between MO and per capita income in terms of the motorcycle-Kuznets curve. The
second empirical investigation analysed the relationship between car ownership and
per capita income. The third empirical study assess the relative growth in MO as



compared to relative growth in car ownership and per capita income.

Chapter 5 is the final chapter and concludes the research. This chapter presents the
main findings of the dissertation, research contributions, policy implications,
limitations and directions for future research.



REFERENCES

Al-Mulali, U., Ozturk, 1., Solarin, S.A., 2016. Investing the Environmental Kuznets
Curve hypothesis in seven regions: the role of renewable energy.Ecol. Indic.,
67, 67-282.

Anderson, D., Cavendish, W., 2001. Dynamic simulation and environmental policy
analysis: beyond comparative static and the Environmental Kuznets Curve.
Oxford Economic Papers 53, 721-746.

Ansuategi, A., Escapa, M., 2002. Economic growth and greenhouse gas emissions.
Ecological Economics 40, 23-37.

Arrow, K., Bolin, B., Costanza, R., Dasgupta, P., Folke, C., Holling, C.S., Jasson,
B.O., Levin, S., Maller, K.G., Perrings, C., Pimentel, D., 1995. Economic
Growth, Carrying Capacity and the Environment. Science 268, 520-521.

Azam, M., Khan, A.Q., 2016. Testing the Environmental Kuznets Curve hypothesis:
a comparative empirical study for low, lower middle, upper middle and high
income countries. Renew. Sust. Energ. Rev., 63, 556-567.

Badoe D., Miller E., 2000. Transportation land-use interaction: empirical findings in
North America, and their implications for modelling. Transportation Research,
5D, 235-263

Baltagi, B.H., 2005. Econometric Analysis of Panel Data. John Wiley and Sons Inc.,
New York.

Bao, Y., Xiao, F., Gao, Z., Gao, Z., 2017. Investigation of the traffic congestion
during public holiday and the impact of the toll-exemption policy.
Transportation Research Part B: Methodological 104, 58-81.

Bekhet, H. A., Othman, N. S., 2017. Impact of urbanisation growth on Malaysia CO>
emissions: Evidence from the dynamic relationship. J. Cleaner Prod., 154, 374-
388.

Bento, A.M., Cropper, M.L., Mobarak, M., Vinha, K., 2005. The effects of urban
spatialstructure on travel demand in the United States. The Review of
Economics and Statistics 87 (3), 466—478.

Bento, J. P. C., Moutinho, V., 2016. CO emissions, non-renewable and renewable
electricityproduction, economic growth, and international trade in Italy Renew.
Sust. Energ. Rev., 55, 142-155.

Bevan, A.A., Danbolt, J., 2004. Testing for inconsistencies in the estimation of UK
capital structure determinants. Appl. Financ. Econ. 14 (1), 55-66.

Button, Kenneth, NdohNgoe, and John Hine, 1993. Modeling Vehicle Ownership
and Use in Low Income Countries. Journal of Transport Economics and Policy.
January: 51-67.

76


https://www-sciencedirect-com.ezadmin.upm.edu.my/science/article/pii/S1877042814063198#bbib0005

Buxton, M., Rhys, D., 1972. The demand for car ownership: a note. Scot. J. Polit.
Econ., 19 (2), 175-191.

Cameron, A.C., Trivedi, P.K., 1998. Regression Analysis of Count Data. Cambridge
University Press, Cambridge.

Campi, M., Nuvolari, A., 2015. Intellectual property protection in plant varieties: a
worldwide index (1961-2011). Research Policy, 44, 951-964.

Cao, X., Huang, X., 2013. City-level determinants of private car ownership in China.
Asian Geogr. 30 (1), 37-53.

Cao, X., Ness, P., Wolday, F., 2019. Examining the effects of the built environment
onauto ownership in two Norwegian urban regions. Transp. Res. Part D:
Transp.Environ. 67, 464-474.

Carse, A., Goodman, A., Mackett, R.L., Panter J., Ogilvie, D., 2013. The factors
influencing car use in a cycle-friendly city: the case of Cambridge. J. Transp.
Geogr., 28, 67-74,

Chen, C., Gong, H., Paaswell, R., 2008. Role of the built environment on mode
choicedecisions: additional evidence on the impact of density. Transportation
35 (3),285-299.

Clark, S., 2009. Charactering and predicting car ownership using rough sets.
Transport. Res. Part C: Emerg. Technol. 17 (4), 381-393.

Dao, N.X., Duc, N.H., 2005. Study on the ownership of motorcycle in Vietnam. In:
Proceeding the 6th, International Conference of Eastern Asia Society for
Transportation Studies, Bangkok.

Dargay, J., Gately, D., 1999. Income’s effect on car and vehicle ownership,
worldwide: 1960-2015. Transportation Research Part A: Policy Practice 33 (2),
101-138.

Dargay, J., 2001. The effect of income on car ownership: evidence of asymmetry.
Transportation Research Part A: Policy and Practice. 35 (9), 807-821.

Dargay, J., Hanly, M., 2007. Volatility of car ownership, commuting mode and
timein the UK. Transport. Res. Part A: Policy Pract. 41 (10), 934-948.

Davidson, F.A., 1928. Growth and senescence in purebred jersey cows’ University
of lllinois Agricultural Experiment Station Bulletin, 302, 192-199.

De Jong, G., Fox, J., Pieters, M., Daly, A.J., Smith, R. 2004. A comparison of car
ownership models. Transport Reviews 24(4), pp.379-408.

Delbosc, A., 2013. Household composition and within-household car saturation in
Melbourne. Transport Policy 25, 94-100.

77


https://econpapers.repec.org/article/eeetransa/

De Vos, J., Witlox, F., 2013. Transportation policy as spatial planning tool; reducing
urban sprawl by increasing travel costs and clustering infrastructure and public
transportation. Journal of Transport Geography, 33, 117-125.

Ding, C., Wang, Y., Tang, T., Mishra, S., Liu, C., 2018. Joint analysis of the spatial
impacts of built environment on car ownership and travel mode choice. Transp.
Res. Part D 60,28—-40.

Dogan, E., Seker, F., 2016. Determinants of CO> emissions in the European Union:
the role of renewable and non-renewable energy. Renew Energy, 94, 429-439

Drukker, D.M., 2003. Testing for serial correlation in linear panel-data models. The
Stata Journal (3), 168-177.

Dunkerley, J. and Hoch, 1., 1986. The pricing of transport fuels. Energy Policy, vol.
14, no. 4, pp. 307-317.

Elhorst, J.P., 2010. Spatial panel data models. In: Fischer, M.M., Getis, A. (Eds.),
Handbook of Applied Spatial Analysis: Software Tools, Methods and
Applications. Springer, Berlin, pp. 377-407.

Eurostat, 2018. European Statistics. The Statistical Office of the European Union
(EUROSTAT) Available at: http://ec.europa.eu/eurostat/data/database,
accessed in August 2017.

Fairhurst, M., 1975. The influence of public transport on car ownership in London.
J. Transp. Econ. Policy, 9 (3), 193-208.

Feenstra, Robert C., Robert Inklaar, Marcel P.Timmer, 2015. The Next Generation
of the Penn World Table, available for download at www.ggdc.net/pwt.

Fischer, S., 1993. The role of macroeconomic factors in growth. Journal of Monetary
Economics 32, 45-66.

Fontaras, G., Zacharof, N. G., Ciuffo, B., 2017. Fuel consumption and CO:
emissions from passenger cars in Europe — Laboratory versus real-world
emissions. Progress in Energy and Combustion Science, 60, 97-131.

Foster, J and Wild, P. 1999. Econometric modelling in the presence of evolutionary
change. Cambridge. Journal of Economics, 23, 749-770.

Franses, P. H., 1994. A method to select between Gompertz and logistic trend curves,
Technological Forecasting and Social Change, vol. 46, no. 1, pp. 45-49.

Gardner, W., Mulvey, E.P., Shaw, E.C., 1995. Regression analyses of counts and
rates: Poisson, overdispersed Poisson, and negative binomial models.
Psychological Bulletin 118, 392-404.

Ghosh, A., Phillips, S., 1998. Warning: inflation may be harmful to your growth.
IMF Staff Papers 45, 672-710.

78


https://www.sciencedirect.com/science/article/abs/pii/S096669231300183X?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S096669231300183X?via%3Dihub#!
https://www-sciencedirect-com.ezadmin.upm.edu.my/science/journal/09666923
http://ec.europa.eu/eurostat/data/database
https://scholar.google.com/citations?user=J-rND7sAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=aLjFwzUAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=m_A9jYAAAAAJ&hl=en&oi=sra

Gollin, D., Jedwab, R., Vollrath, D., 2016. Urbanisation with and without
industrialization. Journal of Economic Growth 21, 35-70.

Gollin, D., Parente, S.L., Rogerson, R., 2007. The food problem and the evolution
of international income levels. Journal of Monetary Economics 54(4), 1230-
1255.

Gompertz, B., 1825. On the nature of the function expressive of the law of human
mortality, and on a new method of determining the value of life contingencies.
Philosophical Transactions of the Royal Society, 115, 513-585.

Goodwin, P., 2011. Three views on peak car. World Transport, Policy and Practice
17(4), 8-17.

Greene, W.H., 2003. Econometric Analysis. Prentice Education, Upper Saddle River,
NJ.

Grossman, G.M., Krueger, A.B.,1995. Economic growth and the environment. Q. J.
Econ., 110 (2), 353-377.

Guerra, E., 2014. The Built Environment and Car Use in Mexico City: Is the
Relationship Changing over Time? Journal of Planning Education and
Research Vol. 34(4) 394 —408.

Haight, F. A., 1967. Handbook of the Poisson Distribution, New York, NY, USA:
John Wiley & Sons.

Handy, S., 2005. Smart growth and the transportation-land use connection: What
does the research tell us? Int. Regional Sci. Rev. 28, 146-167.

He, Z., Shen, W., 2015. Impact of urbanization on CO. emissions: regional
differences based on panel estimation. Nat. Environm. Pollut. Technol., 14 (2),
343-348.

Heerink, N., Mulatu, A., Bulte, E., 2001. Income inequality and the environment:
aggregation bias in environmental Kuznets curves. Ecological Economics
38,359-367.

He, Z., Shen, W., 2015. Impact of urbanization on CO. emissions: regional
differences based on panel estimation. Nat. Environm. Pollut. Technol., 14 (2),
343-348.

Hilbe J.M., 2011. Modeling count data.Lovric M. (Ed.), International Encyclopedia
of Statistical Science, Springer Berlin Heidelberg, Berlin, Heidelberg.

Holz-Rau, C., Scheiner, J., Sicks, K., 2014. Travel distances in daily travel and long
distance travel: what role is played by urban form? Environ. Plann. A 46
(2),488-507.

Houston, D.J., 2011. Chapter 27 — Motorcyclists. In E.P. Bryan (Ed.), Handbook of
traffic psychology (375-388). San Diego: Academic Press.

79


https://journals.sagepub.com/doi/10.1177/0739456X14545170

Hsiao, C., 2003. Analysis of Panel Data, second ed. Cambridge University Press,
Cambridge, UK.

Hsu, T.P.; Tsai, Chia-Chia and Lin,Yu-Jui (2007). “Comparative analysis of
houschold car and motorcycle ownership characteristics”. Journal of the
Eastern Asia Society for Transportation Studies, 2007, vol. 7, p. 105-115.

Huff, G., 2012. Export-led growth, gateway cities and urban system development in
Pre-World War 11 Southeast Asia. J. Dev. Stud. 48 (10), 1431-1452.

Huo, H., Wang, M., 2012. Modeling future vehicle sales and stock in China. Energ.
Pol.43, 17-29.

Huo, H., Wang, M., Johnson, L., and He, D., 2007. Projection of Chinese motor
vehicle growth, oil demand, and CO2 emissions through 2050. Transportation
Research Record: Journal of the Transportation Research Board, 2038, 69-77.

Ingram, G.K., Liu, Z., 1997. Determinants of motorization and road provision. World
Bank Policy Research Working Paper No. 2042. The World Bank, Washington,
D.C.

International Energy Agency, 2016 (IEA). Available at:
https://www.iea.org/reports/world-energy-outlook-2016 (accessed on 15th
July 2019).

IRF World Road Statistics, 2010. IRF World Road Statistics 2010: Data 1963—2008.
International Road Federation, Geneva.

IRF World Road Statistics, 2015. IRF World Road Statistics 2012: Data 2008—2013.
International Road Federation, Geneva.

Ivashina, V., Lerner, J., 2019. Pay now or pay later? The economics within the
private equity partnership. Journal of Financial Economics131(1), 61-87.

Jiang, Y.Q., Ma, P.J. and Zhou, S.G., 2018. Macroscopic modeling approach to
estimate traffic-related emissions in urban areas. Transportation Research Part
D: Transport and Environment 60, 41-55.

Johnson, N.L., Kotz, S., and Balakrishnan, N., 1994. Continuous Univariate
Distributions (Vol. I, 2nd ed.), New York: Wiley.

Kais, S., Sami, H., 2015. The effect of energy consumption and economic growth on
CO. emissions: evidence from 58 countries. Bull. Energy Econ., 3 (3), 91-104.

Karathodorou, N., Graham, D.J., Noland, R.B., 2010. Estimating the effect of urban
density on fuel demand. Energy Economics 32 (1), 86-92.

Kasman, A., Duman, Y.S., 2015. Co. emissions, economic growth, energy
consumption, trade and urbanisation in new EU member and candidate
countries: a panel data analysis. Econ. Model., 44, 97-103.

80


https://www.iea.org/reports/world-energy-outlook-2016

Khan, A., Willumsen, L., 1986. Modelling car ownership and use in developing
countries. Traffic Eng. Control 27 (11), 554-560.

Khan, M. S., Senhadji, A. S., 2001. Threshold effects in the relationship between
inflation and growth.Technical Report, IMF Staff paper, 48.

King,G., 1902. Life contingencies. In: Institute of Actuaries.Text-Book of the
Principles of Interest, Life Annuities, and Assurances, and their . 68-
104Practical Application [Vol 2, Chapter VI Second Edition. London: Charles
& Edwin Layton.

Klein, N.J., Smart, M.J., 2017. Millennials and car ownership: Less money, fewer
cars. Transport Policy. 53, 20-29.

Kremer, S., Bick, A., Nautz, D., 2013. Inflation and Growth: New evidence from a
dynamic panel threshold analysis. Empirical Economics, 44(2), 861-878.

Kuznets, S., 1955. Economic growth and income inequality. American Economic
Review, 49, 00.1-28.

Law, T.H., Hamid, H., Goh, C.N., 2015. The motorcycle to passenger car ownership
ratio and economic development: A cross-country analysis. Journal of
Transport Geography 46, 122-128.

Law, T.H., Noland, R.B., Evans, A.W., 2009. Factors associated with the
relationship between motorcycle deaths and economic growth. Accident
Analysis Prevention 41 (2), 234-240.

Law, T.H., Radin Umar, R.S., Wong, S.V., 2005. The Malaysian government’s road
accident death reduction target for year 2010. IATSS Research 29(1), 42-49.

Levine, R., 2005. Finance and growth: theory and evidence. In: Aghion, P., Durlauf,
S. Handbook of Economic Growth. The Netherlands: Elsevier Science.

Liobikiené G., Butkus, M., 2017. Environmental Kuznets Curve of greenhouse gas
emissions including technological progress and substitution effects. Energy,
135, 237-248.

Limtanakool, N., Dijst, M., Schwanen, T., 2006. The influence of socioeconomic
characteristics, land use and travel time considerations on mode choice for
medium- and longer-distance trips.J. Transp. Geogr., 14, 327-341.

Lin, J., 2019. Special issue on“Urbanisation, transportation and air quality in
developingcountries”. Transportation Research Part D: Transport and
Environment 68,1.

Long, J.S., Freese, J., 2001. Regression Models for Categorical Dependent Variables
Using Stata. Stata Press, Texas.

81



Ma, Q., He, C., Wu, J., 2016. Behind the rapid expansion of urban impervious
surfaces in China: major influencing factors revealed by a hierarchical
multiscale analysis. Land Use Policy, 59, 434-445.

Ma, Y., Xu, R., 2010. Remote sensing monitoring and driving force analysis of urban
expansion in Guangzhou city, China. Habitat Int. 34 (2), 228-235.

Manzoor, M.M., Siddiqui, A.A., Sattar, A., Fahim, M., Rasheed, S., 2011. Impact of
inflation on household consumption — a case of Pakistan. International
Research Journal of Finance and Economics 68, 161-167.

Martinez-Zarzoso, 1., Maruotti, A., 2011.The impact of urbanisation on CO>
emissions: evidence from developing countries. Ecol. Econom., 70 (7), 1344-
1353.

Melo, P.C., Graham, D.J., Noland, R.B., 2012. The effect of labor market spatial
structureon commuting in England and Wales. Journal of Economic
Geography 12 (3), 717-737.

Metz, D., 2015. Peak Car in the Big City: Reducing London’s transport greenhouse
gas emissions. Case Studies on Transport Policy 3, 367-371.

Miaou, S.P., Lum, H., 1993. Modeling vehicle accidents and highway geometric
design relationships. Accident Analysis and Prevention 25 (6), 689—709.

Michener, R., Tighe, C., 1992. A Poisson regression model of highway fatalities.
Am. Econ. Rev. 82 (2), 452-456.

Mogridge, M. J. H., 1967.The prediction of car ownership. Journal of Transport
Economics and Policy, 1, 52-74

Molana, H., 1990. A note on the effect of inflation on consumers’ expenditure.
Empirical Econ. 15 (1), 1-15.

Nagai, Y., Fukuda, A., Okada, Y., Hashino, Y., 2003. Two-wheeled vehicle
ownership trends and issues in the Asian region. J. Eastern Asia Soc. Transport.
Stud. 5, 135-146.

Ng, C.P., Law, T.H., Wong, S.V., Kulanthayan, S., 2017. Relative improvements in
road mobility as compared to improvements in road accessibility and economic
growth: A cross-country analysis. Transport Policy 60, 24-43.

Ng, W.S., Schipper, L., Chen, Y., 2010. China motorization trends: new directions
for crowded cities. Journal of Transport Land Use 3 (3), 5-25.

Nishitateno, S., Burke, P.J., 2014. The motorcycle Kuznets curve. Journal of
Transport Geography 36, 116-123.

Nolan, A., 2010. A dynamic analysis of household car ownership. Transport. Res.
Part A: Policy Pract. 44 (6), 446-455.

82


https://www-sciencedirect-com.ezadmin.upm.edu.my/science/article/pii/S0967070X96000303#bBIB31

Pongthanaisawan, J., Sorapipatana, C., 2010. Relationship between level of
economic development and motorcycle and car ownerships and their impacts
on fuel consumption and greenhouse gas emission in Thailand. Renewable and
Sustainable Energy Reviews 14 (9), 2966-2975.

Prescott , R. B., 1922. Laws of growth in forecasting demand. Journal of the
American Statistical Association, 18, 471-479

Pucher, J., Peng, Z. R., Mittal, N., Zhu, Y., Korattyswaroopam, N., 2007. Urban
transport trends and policies in China and India: impacts of rapid economic
growth. Transp Rev, 27, pp. 379-410.

Radin Umar, R.S., Mackay, G.M., Hills, B.L., 1995. Preliminary Analysis of
Motorcycle Accidents: Short-Term Impacts of the Running Headlights
Campaign and Regulation. Journal of Traffic Medicine 23, 17-28.

Reati, A., 1998. Technological revolutions in Pasinetti’s model of structural change:
productivity and prices. Structural Change and Economic Dynamics, 9, 245-
262.

Riley, K., 2002. Motor vehicles in China: the impact of demographic and economic
changes. Populationand Environment 23 (5), 479-494.

Said, G., 1992. Modelling household car ownership in the Gulf States: the case of
Kuwait. J. Transp. Econ. Policy, 26 (2), 121-137.

Sanko, N., Maesoba, H., Dissanayake, D., Yamamoto, T., Kurauchi, S., 2009.
Intertemporal analysis of household car and motorcycle ownership behaviours:
the case in Nagoya Metropolitan Area of Japan, 1981-2001. IATSS Res. 33
(2), 39-53.

Sarkodie, S. A., Strezov, V., 2019. Effect of foreign direct investments, economic
development and energy consumption on greenhouse gas emissions in
developing countries. Science of The Total Environment, 646, 1, 862-871.

Schultz, T.W., 1953. The economic organization in agriculture. McGraw-Hill, New
York.

Schwanen, T., Dijst, M., Dieleman, F.M., 2004. Policies for urban form and their
impact on travel: the Netherlands experience. Urban Stud. 41 (3), 579-603.

Sehatzadeh, B., Noland, R.B., Weiner, M.D., 2011. Walking frequency, cars, dogs
and the built environment. Transport. Res. Part A: Policy Pract. 45 (8), 741-
754.

Seleteng, M., Bittencourt, M., Eyden, R. V., 2013. Non-linearities in inflation-

growth nexus in the SADC region: A panel smooth transition regression
approach. Economic Modelling, 30, 149-156.

83


https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697/646/supp/C

Senbil, M., Zhang, J., Fujiwara, A., 2007. Motorization in Asia — 14 countries and
three metropolitan areas. Journal of International Association of Traffic and
Safety Sciences 31 (1), 46-58.

Shen, Q., Chen, P., Pan, H., 2016. Factors affecting car ownership and mode choice
in railtransit-supported suburbs of a large Chinese city. Transp. Res. A Policy
Pract. 94,31-44.

Shin, Hyun Bang. 2015. Urbanisation in China. In International Encyclopedia of
Social and Behavioral Sciences. 2nd ed., edited by J. Wright, 973-979. Elsevier.

Sillaparcharn, P., 2007. Vehicle ownership and trip generation modelling: a case
study of Thailand. Journal of International Association of Traffic and Safety
Sciences 31 (2), 17-26.

Sohn, J., 2005. Are commuting patterns a good indicator of urban spatial structure?
Journal Transport Geography 13 (4), 306-317.

Stanovnik, T., 1990. Automobile ownership in Yugoslavia. Transp. Res. A — Pol.,
24 (2), 113-119.

Stares, S. and Liu, Z., 1995. China’s urban transport development strategy:
proceedings of a symposium in Beijing. Tech. Rep. 352, World Bank
Publications.

Stead, D., Marshall, S., 2001. The relationship between urban form and travel
patterns.An international review and evaluation. European Journal of Transport
Infrastructure Research 1 (2), 113-141.

Stern, D. 1., 2010. Between estimates of the emissions-income elasticity. Ecol. Econ.
69 (11), 2173-2182.

Storchmann, K., 2005. Long-run gasoline demand for passenger cars: the role of
income distribution. Energ. Econ., 27, 25-58.

Tjarve, K. M. C., Tjorve, E., 2017. The use of Gompertz models in growth analyses,
and new Gompertz-model approach: an addition to the Unified-Richards
family. PLoS One, 12, Article e0178691.

Tuan, V.A., 2011. Dynamic interactions between private passenger car and
motorcycle ownership in Asia: a cross-country analysis. J. Eastern Asia
Soc.Transport. Study. 9, 541-556.

United Nations, 2014. World urbanisation prospects: the 2014 Revision. United
Nations, New York. http://esa.un.org/unpd/wup/, accessed in August 2017.

United Nations Development Programme, 2015. Human Development Index.

Available at: http://hdr.undp.org/en/content/numan-development-indexhdi,
accessed in May 2017.

84


http://esa.un.org/unpd/wup/
http://hdr.undp.org/en/content/human-development-indexhdi

Vaezghasemi, M., Razak, F., Ng, N., 2016. Inter-individual inequality in BMI: an
analysis of Indonesian Family Life Surveys (1993-2007). SSM-Population
Health, Elsevier.

Verbeek, M., 2004. A Guide to modern econometrics. 2nd Ed. Erasmus University
Rotterdam, John Wiley and Sons Ltd., Hoboken.

Veseth, M., 1981. Chapter 4- Understanding Inflation. Introductory Economics (79-
103). Acedemic Press.

Villavicencio, A. L., Mignon, V., 2011. On the impact of inflation on output growth:
Does the level ofinflation matter? Journal of Macroeconomics, 33(3), 455-464.

Vinayagathasan, T., 2013. Inflation and economic expansion: A dynamic panel
threshold analysis for Asianeconomies. Journal of Asian Economics, 26, 31-
41.

Vollebergh, H.R.J.,Melenberg, B., E. Dijkgraaf., 2009. Identifying reduced-form
relations with panel data: the case of pollution and income. Journal of
Environmental Economics and Management, 58, 27-42.

Wagner, M., 2008. The carbon Kuznets curve: a cloudy picture emitted by bad
econometrics. Resource and Energy Economics, 30, 388-408.

Wang, J., Da, L., Song, K., Li, B. L., 2008. Temporal variations of surface water
quality in urban, suburban and rural areas during rapid urbanisation in
Shanghai, China Environ. Pollut., 152 (2), 387-393.

Wang, Y.S., Teter, J., Sperling, D. 2011. China’s soaring vehicle population: Even
greater than forecasted? Energ. Pol. 39, 3296-3306.

Weymouth, F. W., McMillin, H. C., Rich, W. H., 1931. Latitude and relative growth
in the razor clam, SiliquapatulaJournal of Experimental Biology, 8, 228-249.

Whelan, G., 2007. Modelling car ownership in Great Britain. Transportation
Research Part A: Policy and Practice, 41 (3), 205-219.

Winkelmann, R., 1997. Econometric Analysis of Count Data. Springer Verlag, New
York.

Wooldridge, J.M., 2002. Econometric Analysis of Cross Section and Panel Data.
Cambridge, MA: MIT Press.

Wu, T., Zhao, H., Ou, X., 2014. Vehicle Ownership Analysis Based on GDP per
Capita in China: 1963-2050. Sustainability, 6, 4877-4899.

Wu, N., Zhao, S., Zhang, Q., 2016. A study on the determinants of private car

ownership in China: Findings from the panel data. Transportation Research
Part A 85, 186-195.

85


https://scholar.google.com/citations?user=SfxZhEkAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=yki_A5EAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=vMdOAHIAAAAJ&hl=en&oi=sra
https://www.sciencedirect.com/science/article/pii/S2352827316300908
https://www.sciencedirect.com/science/article/pii/S2352827316300908
https://www.sciencedirect.com/science/book/9780127195650
https://www.sciencedirect.com/science/journal/09658564/41/3

World Bank. 2016. From oil to cities: Nigeria’s next transformation. Directions in
development. Washington, DC.

World Bank, 2018. World Development Indicators 2018. Washington, DC.
Available at: https://databank.worldbank.org/source/world-development-
indicators, accessed in May 2017.

World Health  Organization, 2018.WHO statistics. Available at:
https://www.who.int/data/collections. accessed in May 2017.

Yang, Z.S., Jia, P., Liu, W.D., Yin, H.C., 2017. Car ownership and urban
development in Chinese cities: A panel data analysis. Journal of Transport
Geography. 58, 127-134.

Zhang, K.H., 2017. Chapter 2- urbanisation and industrial development in China. In:
Tang, Z. (Ed.), China’s Urbanisation and Socioeconomic Impact. Springer
Nature Singapore Pte Ltd.

Zhao, H.M., 2012. The medium and long term forecast of China’s vehicle stock per
1000 person based on the gompertz model. J. Ind. Technol. Econ., 7, 7-23. (In
Chinese)

Zheng, B., Huo, H., Zhang, Q., Yao, Z.L., Wang, X.T., Yang, X.F., Liu, H., He, K.B.,

2013. A new vehicle emission inventory for China with high spatial and
temporal resolution. Atmos. Chem. Phys. Disc., 13, 32005-32052.

86


https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
https://www.who.int/data/collections

BIODATA OF STUDENT

The student was born on 17" August 1982 in a small and humble city in Kajang,
Malaysia. She was awarded a double degree with Bachelor of Engineering (Civil)
(Hons.) majoring in Civil and Environmental Engineering at the National University
of Malaysia and Bachelor of Science in Civil Engineering at the University
Duisburg-Essen, Germany in 2007.

She received her Master of Science (Civil and Structural Engineering) from National
University of Malaysia in 2010. Following this, she served as a lecturer in UCSI
University, Kuala Lumpur in December 2010. In 2016, she pursued her PhD in
Highway and Transport Engineering in Universiti Putra Malaysia (UPM) and
worked as a research assistance in Road Safety Research Centre, UPM for 3 years.

87



LIST OF PUBLICATIONS

Chu, M.Y., Law, T.H., Hamid,H., Law, S. H., 2019. The motorcycle to car
ownership ratio: inflation and it’s indirect effects,IOP Conf. Series: Materials
Science and Engineering, 512(2019) 012015.

Chu, M.Y ., Law, T.H., Hamid,H., Law, S. H., Lee, J. C., 2020. Examining the effects
of urbanisation and purchasing power on the relationship between motorcycle
ownership and economic growth: A panel data. International Journal of
Transportation Science and Technology. (Available online 7th December 2020,
https://doi.org/10.1016/j.ijtst.2020.12.004.)

88





