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The aim of the present study was to examine the effect of urbanization, purchasing power,
and income on motorcycle ownership and the effects of interactions between these factors.
Specifically, we examined how the inverse-U relationship between motorcycle ownership
and economic development changed in response to different levels of purchasing power
and urbanization. We apply a fixed effects negative binomial panel regression analysis
on a panel data of 73 countries between 1963 and 2013. Results revealed evidence of an
inverse-U relationship between purchasing power and motorcycle ownership.
Motorcycle ownership increases during the beginning stages of consumer price index
(CPI), due to higher purchasing power. Once a threshold level was exceeded, higher CPI
(lesser purchasing power) created an inverted effect, which led to a decline in motorcycle
ownership. Importantly, the turning point increased in accordance with an increase in
urbanization. The estimation results also suggested that the inverse-U relationship
between motorcycle ownership and per capita GDP varied in accordance with both pur-
chasing power and urbanization.
� 2020 Tongji University and Tongji University Press. Publishing Services by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Motorcycles are the favoured mode of transport mode in South-East Asia countries, as they are a relatively cheap form of
transport and offer a fast means of transport when travelling on congested city streets. Furthermore, they require just a small
parking space. The number of motorcycles has increased each year with concurrent rises in the total number of motorcycle-
related deaths. Motorized two- and three-wheelers represent 43% of all deaths in South East Asia countries (WHO, 2018). An
investigation of motorcycle-related deaths indicated that riding a motorcycle was 39.4 and 17.5 times riskier than driving a
car in the United Kingdom and Australia, respectively (Houston, 2011). Historically, in 1963, motorcycles have played a cru-
cial part in the motor vehicle fleets of some currently developed countries such as Poland (70%), Sweden (70%), Portugal
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(64%), Japan (60%), Netherlands (58%), Italy (55%), Austria (44%), and France (41%). By the year 2010, these percentages have
dropped to below 14% (Nishitateno and Burke, 2014).

Table 1 presents data on motorcycles for various country groups. Motorcycle ownership is higher in middle-income coun-
tries (114 motorcycles per thousand population in 2013) than either high-income (83) or low-income (82) countries. This is
an initial indication of the existence of an inverse-U shape relationship between motorcycle ownership with per capita
income. In contrast, motorcycle ownership is higher in low-urbanized countries (147) than either medium-urbanized (71)
or high-urbanized (77) countries. This illustrates the initial existence of a U-shape relationship between motorcycle owner-
ship with urbanization level.

Recently, several studies confirmed an inverse-U relationship between motorcycle ownership and economic development
(Sillaparcharn, 2007; Nishitateno and Burke, 2014; Law et al., 2015). This relationship is referred as the motorcycle Kuznets
curve (Nishitateno and Burke, 2014), and it has been attributed to changes in the fundamental development of a country.
These comprised developments in urbanization, road infrastructure, travel demand growth and variations in motorcycle ver-
sus car ownerships.

Three theories have been proposed to support the hypothesis of motorcycle Kuznets curve: (1) the scale of economic
activity, (2) diversity in the economic activity composition, (3) increased demand for quality vehicle in accordance with eco-
nomic development. Growth in income has a scale effect on the motorcycle ownership-economic growth relationship. Dargay
and Gately (1999) indicated that economic development was usually accompanied by an equivalent increase in mobility.
Numerous studies showed that in the beginning phases of economic development, the growing demand for mobility
increased motorcycle ownership (Pongthanaisawan and Sorapipatana, 2010; Law et al., 2015). Therefore, the scale effect
is generally considered to be a monotonic function with motorcycle ownership increasing as per capita income, increases
as illustrated in Phase I in Fig. 1. The composition effect, also known as the substitution effect, results in a transformation
in vehicle ownerships from low-cost, high-risk motorcycles to high-cost, low-risk passenger cars (Phase II in Fig. 1). This
transformation is most likely explained by issues pertaining to safety, prestige, comfort and convenience as per capita
income grow (Pongthanaisawan and Sorapipatana, 2010; Law et al., 2015). The third effect, the abatement effect, reduces
motorcycle ownership (Phase III in Fig. 1) relates to urbanization and road infrastructure growth. This effect can be viewed
from a demand and supply perspective. On the demand side, at a relatively early stage of development, the range of eco-
nomic development is confined and less diverse in scope than at later stages of development. These circumstances lead
to the use of motorcycles to fulfil the demand for short-distance travel. As the economy and urban sprawl grows, there is
more demand for long-distance travel, which contributes to automobile dependency. On the supply side, at a low level of
development stages, most of the population is centralized in smaller areas, and commercial activities primarily operate
on a local scale. Therefore, there is more government investment in the development of local roads. As pointed out earlier,
this will increase the use of motorcycles for short-distance travel. However, as the level of development increases, more pub-
lic resources are invested in constructing high-mobility roads, which are needed to sustain increased economic development.
The latter leads to an increase in car ownership to meet long-distance travel needs.

A previous study proposed that road users were more likely to opt for motorcycles under conditions of less purchasing
power, primarily due to their lower running and purchase costs (Law et al., 2015). This resulted in a rise in the motorcycle
to passenger car (MPC) ownership ratio at lower income levels. However, as income levels rose, the purchasing power impact
on the MPC ownership ratio decreased. The hypothesis put forward in the present study differs from that proposed in the
previous study in two aspects. First, we anticipate an inverse-U relationship between CPI (a proxy for purchasing power)
and motorcycle ownership. According to the proposed relationship, motorcycle ownership will rise at relatively low level
of CPI due to high purchasing power, but decline once a CPI threshold level has been exceeded. This relationship is explained
by motorcycles potentially becoming less affordable as purchasing power exceeds a threshold level. This is due to higher
level of CPI dampen the purchasing power of consumer. Second, the inverse-U relationship between purchasing power
and motorcycle ownership may change as urbanization rises. This may be the result of urbanization increasing the demand
for travel, particularly long-distance car travel at higher urbanization levels.

Growth in the export of natural resources, manufactured goods and agricultural products facilitates rapid urbanization
and growth of countries (Schultz, 1953; Zhang, 2017; Gollin et al., 2007, 2016). However, urbanization may lead to several
transportation-related problems, such as a lack of sufficient numbers of parking spaces, traffic congestion, mobility and
accessibility constraints. Therefore, we anticipate that a higher urbanization level would likely affect fuel consumption
and motor vehicle ownership (number and type) decisions of households.

The aim of the present study was to examine the effect of purchasing power, urbanization and income growth on motor-
cycle ownership and the effects of interactions between these factors. Specifically, we examined how the previously reported
inverse-U relationship between motorcycle ownership and economic development changed in response to different levels of
purchasing power and urbanization.
2. Methodology

The dependent variable used in this study, the number of motorcycles is restricted to positive integer values. This often
violates the underlying normality assumption, and a zero value is permitted (Gardner et al., 1995; Cameron and Trivedi,
1998). Thus, the ordinary least square method is not suitable to analyse these type of data (Miaou and Lum, 1993).
73



Table 1
Motorcycle ownership in 2013.

Motorcycles (per ’000 population aged between 15 and 64)

All country group 96
Country groups
Low-income 82
Middle-income 114
High-Income 83
Low-urbanized 147
Medium-urbanized 71
High-urbanized 77

Notes: Data are for 2013 as to maximize country coverage. Income classification is from
the World Bank as of July 2018. Country groupings use data for a total of 73 countries.
Source: IRF (2015). Mean for urbanization16 for 73 countries was calculated (63.5%) and
countries were classified to low (urbanization below 50%, medium (50%-75%) and high
urbanized (above 75%) country. Sources: World Bank (2018).
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Fig. 1. Illustration of inverse U-shape relationship between motorcycle ownership with per capita income.
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Transformation of the data may not result in normally distributed data. Conversely, it may be difficult to interpret the regres-
sion coefficient, as the transformed data are not analysed at the original scale (Byers et al., 2003). Therefore, the reliability of
the results of the analysis are doubtful (Chang and Pocock, 2000).

For the above-mentioned reasons, negative binomial regression and poisson regression techniques are commonly utilized
to analyze count data. The choice of which one of these techniques is used is dependent on the disparity between the vari-
ance and the mean. The Poisson regression considers that the variance and mean are equal (equidispersion), and violation of
this assumption (over dispersion) implies that the estimated coefficients are consistent but that standard errors are under-
estimated (Winkelmann, 1997; Cameron and Trivedi, 1998).

In the present study, the log-likelihood ratio test was utilized to determine whether a negative binomial panel regression
or poisson panel regression was more appropriate. The results of the log-likelihood ratio test indicated that there was dis-
parity between the mean and the variance, suggesting that the null hypothesis could be rejected at 1-percent significance
level and that a negative binomial panel regression technique was preferred than a poisson panel regression technique.

In panel data regression analysis, a random-effects or fixed-effects (FE)1 model is used to account for heterogeneity and to
provide accurate and consistent estimates of the parameters (Greene, 2003; Hsiao, 2003). The Hausman test2 is used to test the
hypothesis that there is no correlation between the independent variables and the country intercept in the regression model. A
1 Fixed effect (FE) examine the relationship between predictor and outcome variables within an entity (person, country, etc.). FE assume that specific
characteristics within the entity may impact or bias the predictor or outcome variables and this need to be control. This is the rationale behind the assumption
of the correlation between entity’s predictor variables and error term. FE remove the effect of those time-invariant characteristics (i.e. federal regulations,
national policies, etc.) therefore the net effect of the predictors on the outcome variable can be assess.

2 Another assumption of the FE model is that those time-invariant characteristics are different to the entity and should not be correlated with other entity
characteristics. Each entity is different therefore the entity’s error term and the constant should not be correlated with the others. If the error terms are
correlated, FE is not suitable since inferences may not be correct. Random-effects may be more suited to model that relationship, this is the main rationale for
the Hausman test.
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fixed-effects model is more suitable than a random-effects model if this hypothesis is rejected (Baltagi, 2005; Greene, 2003). In
this study, the Hausman test revealed that this null hypothesis could be rejected at 1-percent level of significance, indicating
that the fixed-effects model was more suitable.

A population aged between 15 and 64 years was used as the offset variable to normalize the exposure effect on the num-
ber of motorcycles. It was assumed that the rate of motorcycle ownership would increase in a country in which individuals
aged 15–64 years accounted for the majority of the population. The offset variable was included in a logarithmic form in the
equation and can be expressed as Eq. (1):
3 In t
ln pitð Þ ¼ ai þ bXit þ lnðPitÞ ð1Þ

where pit represents the expected number of motorcycles, Pit denotes the population aged between 15 and 64 (as an

index of exposure), ai refers to the country specific intercept, xit denotes a vector of covariate which explains the attributes
of an observation i during a given time period t and b refers to the regression model parameters. This equation can also be
expressed as Eq. (2):
ln pitð Þ � lnðPitÞ ¼ ai þ bXit ð2Þ

and then Eq. (3):
ln pit=Pitð Þ ¼ ai þ bXit ð3Þ

The model coefficient for the independent variable was expressed as the effect on rates rather on count. Based on Eq. (1),

the expected number of motorcycles is given by pit ¼ Pitexpðai þ bXitÞ. This indicated the expected number of motorcycles
was proportional to the size of the population aged between 15 and 64 years.

3. Data

The data used in the present study includes an unbalanced cross-sectional time-series data of 73 countries between the
years 1963 and 2013. Table 2 lists all countries included in the analysis. The dependent variable was the number of motor-
cyclesper 1,000 population, and this was computed by dividing the sum of motorcycles and mopeds by the population (aged
between 15 and 64 years) of the country. Data on motorcycles and mopeds were retrieved mainly from different editions of
World Road Statistic Annual Reports published by the International Road Federation (IRF). Data on population were obtained
from the World Development Indicators (WDI) database (World Bank, 2015).

The per capita real gross domestic product (GDP) (USD constant prices in 2011) was utilized as a surrogate for per capita
income. The per capita GDP represents the level of individual capability of buying a motor vehicles. These data were obtained
from the WDI database. The level of purchasing power was measured by the CPI3 (Alhassan and Fiador, 2014; Chauhan, 2017;
Law et al., 2015). This variable was used to account for vehicle purchasing power, and the data were obtained from the WDI
database.

Another two independent variables used in the analysis were the ratio of urban to rural population (URBUR) and total
road length per thousand capita (ROADL). The URBRUR, drawn from the WDI database, was used as a surrogate to represent
the urbanization level. This variable was utilized to investigate the effect of population concentration on motorcycle own-
ership. The ROADL was derived from databases of the International Road Federation and the WDI database. This variable
is commonly employed to describe travel patterns and vehicle ownership (Ingram and Liu, 1999; Riley, 2002; Bento et al.,
2005).

4. Results and discussions

Table 3 shows the descriptive statistics of all variables while Tables 4 and 5 show the descriptive statistics according to
the level of CPI. As presented in Table 6, the GDP per capita income and ROADL were strongly correlated (0.6913). However,
as shown in Model A in Table 7, excluding the road length variable did not remarkably influence the coefficient for per capita
GDP, implying that multicollinearity was not an issue in this analysis.

Table 7 shows the results of the fixed-effects negative binomial panel regression utilizing the motorcycle ownership per
1,000 population aged between 15 and 64 years (MO) as the dependent variable. The independent variables included in the
model were URBRUR, CPI, per capita GDP and ROADL. Table 8 shows the results of the regression analysis at lower and higher
CPI levels. The per capita GDP was interacted with urbanization. The assessment of the effect of per capita GDP on MO as
urbanization increased was examined separately at lower and higher CPI levels. Table 9 shows the results of the analysis
of the effect of CPI on MO as urbanization rose.

Models A and C in Table 7 provides evidence for the existence of an inverse-U relationship between MO and per capita
GDP. That is, the linear coefficient of per capita GDP is positive while the quadratic coefficient of per capita GDP is negative.
This finding was in accordance with that found in a previous study, which demonstrated that motorcycle ownership
increased in accordance with a rise in the demand for travel during the early phases of economic development. When
he year 2013, Kenya captured the highest CPI value for this study (131.8).
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Table 2
The country list.

No. Country Obs. Years URBRUR CPI

From To First Year Last Year First Year Last Year

1 Australia 30 1963 2004 4.78 7.33 8.2 84.1
2 Austria 45 1963 2010 1.85 1.93 19.75 100
3 Bahrain 26 1987 2013 7.04 7.82 76.36 105.8
4 Bangladesh 9 1990 2003 0.25 0.33 32.25 60
5 Benin 5 1992 1996 0.55 0.59 38.4 64.1
6 Botswana 14 1981 2005 0.23 1.34 6.9 64.3
7 Brazil 3 2000 2004 4.32 5.1 52.5 74.4
8 Brunei 17 1991 2011 1.97 3.14 79.3 102
9 Bulgaria 12 1994 2011 2.08 2.65 1 104.2
10 Cameroon 13 1968 2008 0.23 1.01 7.5 95.8
11 Canada 30 1969 2009 3.02 4.2 16.9 98.3
12 China 19 1990 2013 0.38 1.14 40.5 111
13 Colombia 20 1983 2013 1.79 3.15 2.1 108.9
14 Costa Rica 25 1984 2013 0.82 2.99 3.4 115.3
15 Cote d’Ivoire 10 1966 2007 0.34 0.93 6.6 91.6
16 Cyprus 32 1975 2013 0.9 2.04 22.2 105.3
17 Czech Republic 21 1993 2013 2.97 2.72 46.8 106.8
18 Denmark 34 1977 2013 4.79 6.89 27.5 106
19 Ecuador 17 1992 2013 1.28 1.72 3 112.8
20 Egypt 19 1982 2010 0.78 0.75 5.1 100
21 Estonia 18 1996 2013 2.32 2.1 51.7 112.2
22 Finland 50 1963 2013 0.71 5.23 8.8 107.9
23 France 40 1963 2010 1.86 3.62 11.7 100
24 Germany 18 1991 2013 2.72 2.98 70.2 105.7
25 Greece 40 1971 2013 1.13 3.41 1.4 103.9
26 Hungary 22 1991 2013 1.91 2.37 12.5 111.7
27 Iceland 35 1979 2013 7.32 15.51 1.4 113.6
28 India 41 1965 2012 0.23 0.46 3.5 119
29 Indonesia 31 1969 2013 0.2 1.09 1 116.9
30 Ireland 37 1970 2013 1.07 1.68 8.1 104.8
31 Israel 27 1987 2013 9.04 11.52 19.9 106.8
32 Italy 38 1963 2005 1.55 2.09 4.8 91
33 Japan 49 1963 2011 0.84 10.43 22.6 99.7
34 Jordan 11 2003 2013 3.61 4.96 69.6 114.1
35 Kenya 26 1973 2013 0.13 0.33 1.1 131.8*
36 Korea, Rep. 38 1971 2013 0.73 4.63 6.1 107.7
37 Laos 12 1990 2002 0.18 0.32 3.6 57.4
38 Latvia 17 1995 2013 2.21 2.07 42.2 106.7
39 Lithuania 19 1995 2013 2.06 1.99 51.3 108.5
40 Luxembourg 27 1975 2009 3.41 7.46 31.2 89.7
41 Malaysia 48 1963 2012 0.4 2.64 21.9 104.9
42 Malta 10 1998 2009 11.2 17.14 75.4 98.5
43 Mauritius 31 1980 2013 0.74 0.67 13.6 114.6
44 Mexico 15 1990 2013 2.5 3.69 11.8 111.8
45 Mongolia 10 1994 2003 1.32 1.31 16.4 48.9
46 Morocco 34 1969 2011 0.51 1.39 12.3 100.9
47 Nepal 3 2010 2012 0.2 0.21 100 119.6
48 Netherlands 43 1963 2012 1.53 7.75 17.6 104.9
49 New Zealand 32 1977 2013 4.9 6.26 15.8 106.7
50 Niger 3 2006 2008 0.196 0.198 88.6 98.6
51 Nigeria 3 1994 1996 0.62 0.66 9.8 21.9
52 Norway 49 1963 2013 1.2 3.98 9.9 104.2
53 Pakistan 38 1967 2012 0.32 0.6 2.7 122.8
54 Panama 16 1977 2009 0.98 1.84 45 96.6
55 Peru 11 2000 2013 2.41 3.56 79.2 110.2
56 Philippines 26 1981 2011 0.63 0.82 9.2 104.6
57 Poland 24 1990 2013 1.58 1.54 6.9 109.1
58 Portugal 17 1963 2003 0.57 1.29 1.3 87.7
59 Romania 15 1994 2012 1.16 1.18 2 109.3
60 Slovakia 18 1995 2013 1.3 1.17 44 109.2
61 Slovenia 19 1995 2013 1.02 0.99 44.8 106.3
62 South Africa 23 1967 2001 0.9 1.35 2 59.1
63 Spain 45 1967 2013 1.72 3.79 4.5 107.2
64 Sri Lanka 21 1969 2010 0.24 0.22 1.9 100
65 Swaziland 14 1987 2003 0.29 0.31 14 64.1
66 Sweden 37 1973 2013 4.56 5.9 16.6 103.8
67 Switzerland 24 1980 2013 1.33 2.81 54.2 99.3

M.Y. Chu, T.H. Law, H. Hamid et al. International Journal of Transportation Science and Technology 11 (2022) 72–82
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Table 2 (continued)

No. Country Obs. Years URBRUR CPI

From To First Year Last Year First Year Last Year

68 Thailand 33 1967 2011 0.26 0.83 12.3 103.8
69 Togo 14 1980 2007 0.33 0.7 27.3 87.4
70 Tunisia 16 1983 2013 1.11 1.98 28 115.2
71 United Kingdom 39 1975 2013 4.78 4.58 17.8 110.2
72 United States 43 1970 2013 2.79 4.34 17.8 106.8
73 Vietnam 12 2000 2011 0.32 0.45 48.1 118.7

Table 3
Descriptive statistic for all countries.

Variable Definition Obs Mean Std. Dev. Minimum Maximum

MO Motorcycle ownership per population(age15-64) 1783 0.0622 0.078 0.0002 0.5535
GDP Per Capita Real Gross Domestic Product 1783 19,818 18,650 318.4 101,939
URBRUR Urban population to rural population ratio 1783 2.61 2.57 0.13 17.14
CPI Consumer Price Index 1783 56.87 33.02 1.00 131.85
ROADL Road density (km per 1000 population) 1783 0.0176 0.0187 0.0005 0.1349

Table 4
Descriptive statistic at low CPI level (CPI < 71.7).

Variable Definition Obs Mean Std. Dev. Minimum Maximum

MO Motorcycle ownership per population (age15-64) 1070 0.0531 0.0627 0.0002 0.3679
GDP Per Capita Real Gross Domestic Product 1070 14,918 14,664 318.4 73,000
URBRUR Urban population to rural population ratio 1070 2.067 2.193 0.135 11.853
CPI Consumer Price Index 1070 34.30 21.40 1.00 71.67
ROADL Road density (km per 1000 population) 1070 0.0177 0.0201 0.0008 0.1349

Table 5
Descriptive statistic at high CPI level (CPI > 71.7).

Variable Definition Obs Mean Std. Dev. Minimum Maximum

MO Motorcycle ownership per population (age15-64) 713 0.0757 0.0950 0.0002 0.5535
GDP Per Capita Real Gross Domestic Product 713 27,170 21,391 330.6 101,940
URBRUR Urban population to rural population ratio 713 3.427 2.864 0.196 17.136
CPI Consumer Price Index 713 90.73 11.31 71.73 131.85
ROADL Road density (km per 1000 population) 713 0.0176 0.0164 0.0005 0.0954

Table 6
Correlation Matrix.

Variable MO lnGDP CPI URBRUR lnroadp

MO 1.0000
lnGDP 0.1374 1.0000
CPI 0.2210 0.3785 1.0000
URBRUR �0.1259 0.5532 0.3024 1.0000
lnROADL �0.0392 0.6913 0.1234 0.3612 1.0000

M.Y. Chu, T.H. Law, H. Hamid et al. International Journal of Transportation Science and Technology 11 (2022) 72–82
economic development passed a specific threshold, concerns about prestige, convenience, safety and comfort grew, resulting
in a gradual shift from motorcycles to car ownership as income rose (Nishitateno and Burke, 2014; Law et al., 2015). Sim-
ilarly, the quadratic coefficient for CPI was significantly negative in Model B, pointing to an inverse-U relationship between
MO and CPI. One potential explanation for this finding could be that, as indicated by a previous research, purchasing power
eroded as CPI intensified (Manzoor et al., 2011, Law et al., 2015). This, in turn, would lead to the purchase of cheaper vehicles,
such as motorcycles. Nevertheless, the purchase of motorcycles would also become unaffordable for most households when
CPI passed a threshold level.
77



Table 7
Estimates of motorcycle ownership per population (age 15–64).

Variables Model A Model B Model C

lnGDP 4.812 *** 4.894 ***
lnGPD2 �0.229 *** �0.255 ***
CPI 0.0146 *** 0.0046 ***
CPI2 �0.00003 *** 1.27E-05
URBRUR �0.166 *** �0.271 *** �0.208 ***
URBRUR2 0.017 *** 0.025 *** 0.021 ***
lnROADL 1.113 *** 0.341 ***
constant �39.404 *** �10.993 *** �36.569 ***
N 73 73 73
No. of observation 1783 1783 1783
Log likelihood –23,229 –23,762 –23,099
turning point (LnGDP) 10.50 9.61

***Significant at 0.01 level.

Table 8
Estimates of motorcycle ownership per population (age 15–64) at low and high CPI level.

CPI < 71.7 CPI > 71.7
Variables Lower CPI Higher CPI

lnGDP 5.507 *** 4.427 ***
lnGDP2 �0.284 *** �0.212 ***
lnGDP*URBRUR 0.124 *** �0.126 ***
lnGDP2*URBRUR �0.011 *** 0.012 **
constant �41.238 *** �37.042 ***
No. of observation 1068 709
No. of groups 65 61
Log likelihood �13,317 �8,616
Turning point 9.70 10.46
Turning point (US$) 16,321 35,023

***Significant at 0.01 level.

Table 9
Estimate the effect of urbanization on the relationship between CPI and motorcycle ownership.

Variables Model A Model B

lnGDP 5.693 *** 4.851 ***
lnGDP2 �0.293 *** �0.245 ***
CPI 0.0085 *** 0.017 ***
CPI2 �0.00004 *** �8.7E-05 ***
CPI*URBRUR �0.0017 *** �0.006 ***
CPI2*URBRUR 0.00002 *** 5.02E-05 ***
lnGDP*URBRUR 0.131 ***
lnGDP2*URBRUR �0.011 ***
Constant �42.381 *** �39.190 ***

No. of observation 1783 1783
No. of groups 73 73
Log likelihood –23,164 –23,114
Turning point 10.41 10.60
Turning point (US$) 33,093 40,122

***Significant at 0.01 level.

M.Y. Chu, T.H. Law, H. Hamid et al. International Journal of Transportation Science and Technology 11 (2022) 72–82
As evidenced in Table 7, there appeared to be a convex (U-shaped) relationship between urbanization and motorcycle
ownership. Law et al., (2015) pointed out that the demand for short-distance commuting by motorcycle was higher at lower
urban population density levels. They attributed this finding to less variation in economic activities at a lower urbanization
level. On the other hand, as urbanization increased and the built urban area continued to expand, long-distance commuting
by passenger car would be anticipated to rise, with a subsequent decrease in motorcycle ownership. However, a relatively
high level of urbanization could lead to traffic congestion and a lack of parking spaces. Consequently, according to Ng et al.,
(2010) and Karathodorou et al., (2010), this would be expected to deter potential passenger car owners and result in a rise in
motorcycle ownership. Models B and C showed the ROADL had a positive significant impact on motorcycle ownership, indi-
cating motorcycle ownership increases with ROADL.
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Fig. 3. The relationship between MO and the per capita GDP at high CPI level, threshold point moved to higher ln(GDP) value as urbanized level increased.
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Fig. 2. The relationship between MO and the per capita GDP at low CPI level, threshold point moved to lower ln(GDP) value as urbanized level increased.
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The results in Table 8 reveal that the effect of urbanization on the relationship between motorcycle ownership and per
capita GDP varied at different CPI levels. As shown in Fig. 2, at lower CPI levels, the turning point for per capita GDP
decreased in accordance with an increase in urbanization. However, under high CPI circumstances, an increase in urbaniza-
tion was associated with an increase in the turning point for per capita GDP (Fig. 3). The intuitive explanation for these find-
ings is that the demand for travel increases in urban areas as result of urbanization and that this leads to traffic-related
problems, such as a lack of parking spaces and traffic congestion. One of the advantages of small passenger cars is that
are easy to manoeuvre within limited space, such as that found in cities with heavy traffic congestion and on smaller roads.
Car ownership would also be more affordable under low than high CPI level. Therefore, under low CPI level (high purchasing
power condition), cars would be expected to become an increasingly popular mode of transport as urbanization increased.
Nonetheless, as the level of CPI rises, purchasing and maintaining a passenger car would become unaffordable as purchasing
power was eroded at a high CPI level.

Table 9 presents the results of the analysis of the effect of urbanization on the relationship between CPI and motorcycle
ownership. The results pointed to an inverse-U relationship between CPI and motorcycle ownership when urbanization was
less than 1.9. However, this relationship became U-shaped as urbanization increased and exceeded this threshold level. In
both cases, a rise in urbanization led to a higher turning point of CPI. As can be seen in Fig. 4, at a lower urbanization level,
a rise in CPI led to rapid growth in the number of motorcycles at lower CPI levels. Eventually, due to excessively high CPI level
(less purchasing power), motorcycle ownership decreased because motorcycles were no longer affordable4 for many house-
holds. However, an increase in urbanization was associated with a rise in the turning point of CPI, most probably because
motorcycles were needed due to the increase in the travel demands of local communities. Importantly, when urbanization
exceeded about 1.9, an increase in urbanization caused a decrease in motorcycle ownership at lower levels of CPI. A possible
explanation for this finding was that higher levels of urbanization resulted in increased long distance commuting to city centres.
4 This scenario is a speculation of our result and it does not fall within the data range of this study. The maximum value for CPI in this study is 131.8.
Therefore, the rise in CPI levels will lead to a positive effect on motorcycle ownership throughout the data range.
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In this scenario, passenger cars or public transport are preferred to motorcycles, possibly because they are more suited to long-
distance commuting. Nevertheless, as the level of CPI increases (purchasing power eroded), cars would be expected to replace
motorcycles, thereby resulting in an increase in motorcycle ownership. This can be illustrated in Fig. 5.
5. Conclusions

The results of this study pointed to an inverse-U relationship between CPI, a proxy for purchasing power and motorcycle
ownership. Motorcycle ownership increases during the beginning stages of CPI level. Once a specific level was exceeded,
higher CPI created an inverted effect, which led to a decline in motorcycle ownership. Importantly, the turning point
increased in accordance with an increase in urbanization. However, this inverse-U relationship became U-shaped as urban-
ization exceeded 1.9. The estimation results also suggested the inverse-U relationship between motorcycle ownership and
per capita GDP varied in accordance with both purchasing power and urbanization. The turning point of per capita GDP
decreased in accordance with increased urbanization under lower CPI level (higher purchasing power), whereas the turning
point increased with increasing urbanization under higher CPI level (lesser purchasing power).

With regard to policy implications, the results revealed motorcycle ownership increased sustainably under three condi-
tions. First, before the CPI threshold value was reached, the number of motorcycles increased with urbanization under low
urbanization levels (Label A in Fig. 4). Second, after the CPI threshold value was exceeded, they increased under higher
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urbanization levels (Label B in Fig. 5). Third, motorcycle numbers increased in accordance with rises in per capita GDP under
high CPI level, particularly with increasing urbanization (Label C in Fig. 3). Law et al., (2009) indicated that a rise in the num-
ber of motorcycles would lead to an increase in motorcycle-related deaths. In view of this finding and those of the present
study, appropriate and relevant preventative strategies need to be implemented. These strategies could include persuading
motorcyclists to shift to public transports, enhancing the stringency of motorcycle helmet laws and increasing the number of
roads with motorcycles lanes.

The advancement of road mobility and road accessibility on motorcycle ownership are potential areas for future research.
Ng et al., (2017) defined roads with higher mobility, for example motorways, as those with restricted accessibility but unin-
terrupted high-speed travel and enhanced reliability in terms of travel times. On the other hand, higher accessibility roads,
for example local roads, were defined as those with restricted mobility but direct routes to destinations. Growth in different
road types can be expected to affect motorcycle ownership. For instance, motorcycles are more suitable for short-distance
trips in a low speed environment (commonly served by high accessibility roads) due to their high manoeuvrability, espe-
cially on congested roads. On the other hand, motorcyclists using high mobility roads are exposed to a higher risk of sustain-
ing severe injuries in the event of a crash and thus are usually discouraged from using expressways. Such an investigation
could offer crucial insights into how the development of different road types affects motorcycle and passenger car
ownership.

Another possible future extension of this study would be to investigate the effect of urban spatial structure on motorcycle
ownership. Several scholars have found that travel patterns varied with different forms of urban spatial structure (Melo et al.,
2012; Stead and Marshall, 2001; Sohn, 2005; Bento et al., 2005; Hagen et al., 2016). These include the size and shape of the
city, the road and railway network, the spatial configuration of residential land use, and the job distribution all over the
urban area. However, no studies to date have examined the impact of urban spatial structure on motorcycle ownership.
The latter is an important area for further research as a greater understanding of the impact of urban spatial structure on
motorcycle ownership is crucial for private vehicle management, especially in urban areas.
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