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A B S T R A C T   

This study examines the causal relationship between wealth and transportation. The study first develops two 
alternating theoretical frameworks between wealth and transportation: one in which transportation is demand- 
driven and one in which transportation has dual role, demand-driven and supply-driving. Next, the study un
dertakes Granger-causality estimations for a panel of 18 countries over the period 1970–2017. It is found that the 
dominant Granger-causality relationship is bidirectional for majority of countries. The study also shows that 
there is high consistency in the Granger-causality relationship between wealth and transportation, and income 
and transportation. The study has three important contributions: First, the relationship between wealth and 
transportation is shown both theoretically and empirically. Second, transportation is shown to have dual role in 
an economy. Finally, it is shown that the wealth-transportation relationship and the transport-income rela
tionship are equally robust and consistent.   

1. Introduction 

Constant capital-output ratio is one of the stylized facts conjectured 
by Kaldor (1961) in his inventory of long-term properties of economic 
growth. Those familiar with economic growth theory would be pro
foundly aware that this condition is a key criterion for any growth 
model. What is less discussed in the literature is that physical capital is 
read as wealth under a closed economy with no government assumption, 
cf., Kurz (1968).1 Therefore, the fixed capital-output ratio can also be 
interpreted as a fixed wealth-income ratio.2 This interpretation opens 
new research horizons: if economic theory and/or empirical evidence 
implies a (fixed) relationship between income and a variable, then it 
must also exist (in some form) between wealth and that variable. It is our 
strongly-held belief that wealth acts as a very valuable variable in the 
field of transportation for at least five reasons (not all of which neces
sarily apply to our paper). First, the wealth effect on consumption 
expenditure has been a classic theme since the work of Modigliani 
(1971). In that respect, assuming that transportation is (only) a function 
of income disregards the possible effect of wealth on transportation. 

Second, income is subject to business cycles. Consequently, various 
transportation measures must also show procyclical behavior, as they 
are part of the generic aggregate consumption expenditure, cf., Table 2 
in Lahiri et al. (2003). Then, any transportation study relying (only) on 
income data may reach statistically misleading conclusions due to bias 
caused by cycles. On the other hand, the stock variable characteristic of 
wealth makes it less inclined to cyclical movements. In that respect, the 
true relationship between transportation and wealth may also be valu
able and informative. Third, wealth’s high correlation with income 
designates that it can be used in robustness tests. Fourth, the use of 
wealth (rather than income) may avoid a potential endogeneity problem 
between income and transportation measures. Finally, the wealth elas
ticity of transportation may be as useful and informative as the income 
elasticity of transportation. It is unfortunate to observe that wealth, in 
contrast to income, lacks the research attention it deserves in the liter
ature; one possible reason is that the prevalent wealth data is not as 
comprehensive as income. Fortunately, this is changing due to recent 
efforts, e.g., World Inequality Database. 

This work studies the direction of causation between wealth and 
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transportation measures in order to show that the direction of causation 
here is as robust as the one between income and transportation mea
sures. To this end, the study first develops two alternating theoretical 
relationships between wealth and transportation. Both models are ex
tensions of the Solovian growth model. The first assumes that trans
portation expenditure is a component in aggregate demand, and its 
value is a fixed proportion of aggregate income. In that respect, the role 
attributed to transportation in this extension is essentially Keynesian, i. 
e., demand-sided.3 The second assumes that transportation services, 
which are generated one-to-one by the transportation measure, also act 
as an essential factor of production in the aggregate production 
(aggregate studies in various fields, including housing, health, energy, 
and such often follows this strategy). The second extension, therefore, 
considers the supply-side role of transportation additionally. We inter
pret the second scenario as representing the idea of bidirectional cau
sality, and the first as representing unidirectional economic causality 
from wealth to transportation. 

Next, the study undertakes Granger-causality estimations for 18 
countries in a panel data set covering the years from 1970 to 2017. The 
empirical analyses have two motivations. The first is to identify empir
ically the direction of economic causation: whether wealth stimulates 
transportation (demand sided) or bidirectional (demand sided and 
supply sided). The second is to show empirically that the relationship 
between income and transportation measures is echoed between wealth 
and transportation measures. Empirical analyses show that, across 
countries, the dominant Granger-causality relationship between wealth 
and transportation measures is bidirectional. Results also indicate a high 
consistency in the Granger-causality relationship between wealth and 
transportation measures, and between income and transportation 
measures. 

To our knowledge, in the literature to date, there has been no effort 
to determine the direction of causation between wealth and trans
portation.4 In contrast, there is considerable documentation on the 
Granger-causality relationship between variants of income and of 
transportation measures.5 Two general observations can immediately be 
made. First, the literature offers contradictory evidence on the Granger- 
causality between transportation measures and income. Second, most 
causality studies focus on air transportation. Of these, several found that 
the direction of causality is from income to transportation, i.e., demand- 
sided. For example, Fernandes and Pacheco (2010), Marazzo et al. 
(2010), and Pacheco and Fernandes (2017) found that GDP precedes air 
transportation in Brazil. Similarly, Hakim and Merkert (2016) confirmed 
that GDP precedes air passenger traffic and air freight in eight South 
Asian countries. 

Several other studies found that transportation is supply-sided. For 
example, Brida et al. (2016) demonstrated that Granger-causality 
worked from air transportation to GDP in Italy for the period 
1971–2012. Mukkala and Tervo (2013), constructed a panel data set by 
classifying eighty-six European regions into three groups of equal size: 
peripheral, intermediate, and core, showed that, for peripheral regions, 
the direction of Granger-causality is from air traffic to regional growth. 
Hu et al. (2015), undertaking panel VECM analysis using data from 
Chinese 29 provinces, found that the direction of causality is from do
mestic air traffic to GDP in the short run. Tong and Yu (2018) showed a 
unidirectional causality from freight transportation per capita (in metric 
ton-km) to GDP per capita in the more affluent eastern region in China. 
Button and Yuan (2013) demonstrated that the direction of causality is 

also from air freight to income for the US for the 1990–2009 period. 
Finally, numerous studies found evidence of (dominantly) bidirec

tional relationship, including Baker et al. (2015), Beyzatlar et al. (2014), 
Chang and Chang (2009), Chi and Baek (2013), Hu et al. (2015), 
Pradhan and Bagchi (2013), Tong and Yu (2018), and Yao (2005). For 
example, bidirectional causal relationships were found between do
mestic air traffic and GDP in the long-run by Hu et al. (2015), between 
air passenger movements and real income for Australia by Baker et al. 
(2015), and between freight transportation per capita and GDP per 
capita for less developed regions in China by Tong and Yu (2018). 

We propose two fundamental reasons for the inconclusiveness of the 
existing literature. First, heuristically speaking, the majority, if not all 
the cited studies, lack a strong theoretical basis. Second, stemming from 
this lack of theory, also there are substantial variations in the variables 
assumed representing transportation and income; hence, the data varies 
substantially in several aspects, including the unit of measure, aggre
gation level, time span, etc. (in connection with this, the majority of 
Granger-causality analyses focused on air transportation data). The 
study therefore has three important contributions: First, the relationship 
between wealth and transportation is shown both theoretically and 
empirically. Second, it is shown that the dominant Granger-causality 
between transportation and wealth is dominantly bidirectional, that is, 
transportation has a dual role, demand-driven and supply-driving, in an 
economy. Finally, it is shown that the relationship between wealth and 
transportation is as consistent and robust as the one between trans
portation and income. The study has two important policy implications. 
First, the transportation sector, as a key enabler of economic activities, 
facilitates access of suppliers and demanders to every type of market and 
therefore policymakers must ensure uninterrupted transportation ser
vice. Second, the dominant bidirectional causality between wealth and 
transportation sector implies that “better” transportation may act 
against the law of diminishing marginal physical product that capital 
(wealth) is subject �a la technological progress. This characteristic of 
transportation again necessitates policymakers to ensure uninterrupted 
transportation service in an economy. 

The paper is structured as follows. Section 2 presents theory, data, 
methodology, and empirical findings. Our analyses show that the 
dominant Granger-causality relationship between wealth and trans
portation measures is bidirectional at country-level. Section 3 
concludes. 

2. Theory, data, methodology, and empirical results 

2.2. Theoretical representation 

Let us assume a Solovian economy under a closed economy without 
government assumption. Suppose that aggregate demand AD is ADt ¼

ðCt þ TRtÞþ It, where C is non-transportation consumption expendi
ture, TR is transportation expenditure, I is gross investment expenditure, 
and subscript t index time. We assume that Ct ¼ mpc⋅Ytand TRt ¼

mptr⋅Yt, where mpc is the marginal propensity to consume out of income 
and mptris the marginal propensity to transport out of income. Macro
economic equilibrium implies that sK⋅Yt ¼ It, where sK � 1 � mpc �
mptr. Assume that Yt ¼ Kα

t ⋅L1� α
t , where K is physical capital, L is labor 

(population), and α is the production elasticity of physical capital. 
Applying Occam’s razor, neither productivity parameter nor techno
logical progress are introduced in the model. Finally, we assume that 
Lt ¼ L0⋅ent , where n is the growth rate of population. Given It � _Kt þ

δ⋅Kt, the fundamental equation of growth becomes _Kt ¼ sK⋅Kα
t ⋅L1� α

t �

δ⋅Kt, where δ is the depreciation rate. The long-run equilibrium of this 

model implies that kss ¼
�

sK
nþδ

� 1
1� α, yss ¼ kα

ssand trss ¼mptr⋅yss, where k is 

capital per capita, y is income per capita, tr is the real transportation 
expenditure per capita, and ss represents steady-state. The golden rule of 
saving rate sGold

K which maximizes steady state level of transportation 

3 There is only an indirect effect of transportation on wealth and income.  
4 We found only Alperovich and Machnes (1994) which considers the role of 

financial and nonfinancial wealth in explaining demand for international air 
travel from Israel. 

5 Our review excludes Granger-causality studies on transportation infra
structure, as this is a stock variable. See the comprehensive literature review in 
Maparu and Mazumder (2017) and Saidi et al. (2018). 
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trssis sGold
K ¼ αð1 � mpcÞ, which implies the golden mptr as mptrGold ¼

ð1 � αÞð1 � mpcÞ. The role of transportation in the model economy is 
essentially demand-sided, as the determinants of capital (¼wealth) and 
income have a direct role in transportation demand, but transportation 
has only an indirect role in production (¼supply). The demand-driven 
role of transportation leads to lower steady state values of physical 
capital per capita and income per capita (compared to original no- 
transportation Solow model), and states that capital per capita and in
come per capita decrease when marginal propensity to transport in
creases, that is, ∂kss

∂mptr < 0 and ∂yss
∂mptr < 0. If it is this model that 

characterizes empirical regularity, then data must generate a unidirec
tional causality from wealth to transportation, or income to 
transportation. 

Alternatively, let us suppose that the production function is defined 
as Yt ¼ Kα

t ⋅TRβ
t ⋅Lt

1� α� β, that is, transportation is essential in aggregate 
production activity and β is the production elasticity of transportation.6 

Clearly, it is the service generated by the physical quantity of the 
transportation which is the input in the production process. For matter 
of convenience, we assume that there is one-to-one correspondence 
between the physical quantity and the service generated by the physical 
quantity. Under this scenario, the long-run equilibrium implies that 

kss ¼ mptr
β

1� α� β⋅
�

sK
nþδ

� 1� β
1� α� β, yss ¼ mptr

β
1� α� β⋅

�
sK

nþδ

� α
1� α� β and trss ¼ mptr

1� α
1� α� β⋅ 

�
sK

nþδ

� α
1� α� β. Then, the role of transportation is both demand-sided and 

supply-sided, as determinants of capital (¼wealth) and income has a 
direct role in transportation and vice versa. The dual role (demand- 
driven and supply-driving) of transportation is also reflected in the 
impact of a change in marginal propensity to transport on the steady 
state values of physical capital per capita and income per capita: ∂kss

∂mptr >

0if sK
mptr >

1� β
β and ∂yss

∂mptr > 0if sK
mptr >

α
β, that is, marginal propensity to save 

over marginal propensity to transport must be greater than the ratio of 
production elasticity of non-transport inputs over production elasticity 
of transportation and the ratio of production elasticity of physical capital 
over production elasticity of transportation. Interestingly, the golden 
rule of saving rate sGold

K which maximizes steady state level of trans
portation trss is again sGold

K ¼ αð1 � mpcÞ, which also implies mptrGold ¼

ð1 � αÞð1 � mpcÞ. If it is this model that characterizes empirical regu
larity, then data must yield bidirectional causation between wealth and 
transportation, and income and transportation. The Granger causality 
analyses provided below will highlight which model that the data 
supports. 

2.2. Data 

This study covers 18 countries for the period 1970–2017.7 Data was 
obtained from two different sources. Wealth per capita and income per 
capita are taken from the World Inequality Database. Wealth per person 
is the market-value national wealth divided by total population (all 
ages) in 2017 constant USD (PPP), and income per person is the gross 
domestic product divided by total population (all ages) in 2017 constant 

USD (PPP). Under transportation, two variables have been considered: 
total inland freight per capita in tonne-km and total inland passenger per 
capita in passenger-km. These represent the physical movements of 
goods and individuals. Both were obtained from the OECD Stat Extracts 
Database. For all variables, we take the natural logarithms, check for 
cross-sectional dependence,8 and take the first difference to eliminate 
unit-roots (see Table 1).9 

2.3. Methodology 

The methodology of the paper is based on Hurlin and Venet (2001), 
Hurlin (2004), and Hansen and Rand (2006). The following equations 
are estimated to test the direction of causality from wealth to trans
portation Equation (1) and from transportation to wealth Equation (2): 

transportationi;t ¼
Xp

k¼1
αktransportationi;t� k þ

Xp

k¼0
θkwealthi;t� k þ ui;t (1)  

wealthi;t ¼
Xp

k¼1
βkwealthi;t� k þ

Xp

k¼0
ϑktransportationi;t� k þ ei;t (2)  

where index i refers to the country (i ¼ 1;…;N), tto the time period (t ¼
1;…;T), p to the maximum lag, and k to the lag. We assume that ui;t in 
Equation (1) and ei;t in Equation (2) are normally distributed for all 
countries. The autoregressive coefficients αk in Equation (1) and βk in 
Equation (2) and the regression coefficients’ slopes θk in Equation (1) 
and ϑk in Equation (2) are constant 8 ​ k 2 ½1;p�. It is also assumed that 
parameters αk in Equation (1) and βk in Equation (2) are identical for all 
countries, whereas the regression coefficient slopes θk in Equation (1) 
and ϑk in Equation (2) could have an individual dimension. 

According to Hurlin and Venet (2001), working with panel data 
improves the efficiency of Granger-causality, whereas the issue of het
erogeneity between individuals must necessarily be put into perspective. 
For this reason, they proposed a three-step testing procedure shown in 
Table 2 to identify causality relationship in the context of 
heterogeneity10. 

The first step, testing Homogenous and Instantaneous Non-causality 
hypothesis (HINC, hereafter), aims at determining whether or not the 
θk’s in Equation (1) and ϑk’s in Equation (2) are null for all individual i 
and all lag k. The second step is testing the Homogenous Causality hy
pothesis (HC, hereafter) if HINC is rejected. HC aims to test whether θk’s 
in Equation (1) and ϑk’s in Equation (2) are equal for all lag k, and are 
statistically different from zero. The third step is testing the 

Table 1 
Descriptive statistics.  

Variablesa # of Obs. Mean Median Minimum Maximum 

Freight 735 8.289 8.197 6.768 10.161 
Passenger 697 8.994 9.242 6.126 9.886 
Income 884 9.996 10.159 6.741 10.846 
Wealth 627 11.571 11.643 8.252 12.622  

a Freight is total inland freight per capita in tonne-km; Passenger is total 
inland passenger per capita in passenger-km; Income is gross domestic product 
per capita in constant (2017) USD (PPP); and Wealth is market-value national 
wealth per capita in constant (2017) USD (PPP). All variables are in per capita 
and natural log form. 

6 One immediate question on our definition of transportation is that some 
studies assume that transportation is a part of total factor productivity rather 
than an input. We believe that the current COVID-19 pandemic showed that 
transportation is not only demand-driven, but it has also a supply-driving na
ture. In the countries in which (some) transportation is substantially limited, 
production fell because labor (and intermediate material) was excluded from 
production activities. If the supply nature of transportation was only via pro
ductivity, production in those countries have remained much more stable.  

7 Australia, Canada, China, Czechia, Denmark, Finland, France, Germany, 
Greece, Italy, Japan, Republic of Korea, Mexico, Netherlands, Spain, Sweden, 
United Kingdom, and USA. The country list is determined by wealth data 
availability. 

8 According to panel cross-section dependence tests, the null hypothesis of no 
cross-section dependence is failed to be rejected, which allows us to perform 
first-generation panel unit-root tests. 

9 According to individual and common panel unit-root tests, all series indi
cate that the null hypothesis of stationarity is rejected in level and accepted in 
first differences, i.e., all variables are found to be integrated of order 1.  
10 Please refer to Erdil and Yetkiner (2009) and Beyzatlar et al. (2014) for 

details. 
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Heterogeneous Non-causality hypothesis (HENC, hereafter) if HC is also 
rejected, demonstrating that the causality process is non-homogenous in 
the panel data dimension (Hurlin, 2004). Causality relationship can also 
be found in cross-sectional dimension, therefore, the nullity of θk’s in 
Equation (1) and ϑk’s in Equation (2) are tested for each cross-sectional 
unit in HENC. The rejection of the null hypothesis of country-level 
no-causality shows the existence of causality relationship for at least 
some countries. 

2.4. Empirical findings 

The methodology suggests three steps in sequence: HINC (panel 
data), HC (panel data) and HENC (time-series). In accordance with the 
Hausman (1978) test, Equations (1) and (2) are estimated with fixed 
effects to check panel causality, and the results are presented in Table 3. 
The null hypothesis of HINC is rejected at 1% or 5% significance levels, 
which reveals that a causality relationship exists between wealth and 
transportation measures. Next, the null hypothesis of whether the cau
sality is homogenous for all countries in the panel dimension (HC) is 
tested, and the null hypothesis is again rejected at 1% or 5% significance 
levels. 

The same procedure is repeated after wealth is replaced by income in 
order to identify the nature of the causality relationship between income 
and transportation for the same countries over the period 1970–2017. 
Both hypotheses are rejected in both directions, consistent with wealth, 
as reported in Table 4. 

Concluding absence of homogenous causality, we turn into hetero
geneous causality (HENC), which requires testing the causality between 

wealth and transportation measures, and income and transportation 
measures for each of 17 countries for the period 1970–2017.11 For this 
purpose, Equations (1) And (2) are modified as follows: 

transportationt ¼
Xr

m¼1
αltransportationt� m þ

Xr

m¼0
θmwealtht� m þ ut (3)  

wealtht ¼
Xr

m¼1
βmwealtht� m þ

Xr

m¼0
ϑmtransportationt� m þ et (4)  

where index trefers to the time period (t ¼ 1;…;T), r to the maximum 
lag, and m to the lag. Estimation of Equations (3) And (4) reveal whether 
there is Granger-causality for each country, where θm and ϑm vary across 
countries: the rejection of the null hypothesis of country-level no-cau
sality signs the existence of Granger-causality between the variables at 
the country-level. The results of the HENC are summarized in Table 5.12 

Column (1) presents the Granger-causality results between wealth 
and freight. Our analyses show that for the majority, 15 out of 
17countries, Granger-causality is bidirectional. Column (2) shows that 
the dominant Granger-causality between income and freight is also 
bidirectional in our sample of countries.13 A comparison of columns (1) 
and (2) indicate that Granger-causality results are consistent for 14 
countries, and 13 are bidirectional. Column (1) also shows that Granger- 
causality is supply sided in Italy, but demand-sided in Greece. Column 
(3) depicts that the dominant Granger-causality between wealth and 
passenger mobility is bidirectional, 11 out of 17 countries. We observe 
Granger-causality from passenger mobility to wealth for Australia, 
Greece, Italy, and Mexico. Column (4) shows that the dominant Granger- 
causality between income and passenger mobility is also bidirectional.14 

A comparison of columns (3) and (4) indicate that Granger-causality 
results are consistent for 12 countries. We observe Granger-causality is 
demand-sided for Finland and Mexico, �a la Fernandes and Pacheco 
(2010), Hakim and Merkert (2016), Marazzo et al. (2010), and Pacheco 
and Fernandes (2017), and supply-sided for China, �a la Arvin et al. 
(2015), Hu et al. (2015), and Mukkala and Tervo (2013). 

2.5. Robustness check 

In this subsection, we undertake robustness analysis by using an 

Table 2 
Types of Causality tested in a Panel Data Framework.  

Test Test hypothesis Test statistics 

HINC H0 : ​ θk ¼ 0 ​ 8i 2 ½1;N�; ​ 8k 2 ½0;p�;
i 6¼ j 
H1 : ​ θk 6¼ 0 ​ 9ði;kÞ

FHINC ¼

​
ðSSRr � SSRuÞ=ðNpÞ

SSRu=½NT � Nð1þ pÞ � p�H0 : ​ ϑk ¼ 0 ​ 8i 2 ½1;N�; ​ 8k 2 ½0;p�;
i 6¼ j 
H1 : ​ ϑk 6¼ 0 ​ 9ði;kÞ

HC H0 : ​ θi
k ¼ θj

k ​ 8i; j 2 ½1;N�; ​ 8k 2 ½0;
p�
H1 : ​ θi

k 6¼ θj
k ​ 9ði; j;kÞ

FHC ¼ ​
ðSSR’

r � SSRuÞ=½pðN � 1Þ�
SSRu=½NT � Nð1þ pÞ � p�

H0 : ​ ϑi
k ¼ ϑj

k ​ 8i; j 2 ½1;N�; ​ 8k 2 ½0;
p�
H1 : ​ ϑi

k 6¼ ϑj
k ​ 9ði; j;kÞ

HENC H0 : ​ θk
i ¼ 0 ​ 8i 2 ½1;N�; ​ 8k 2 ½0;p�

H1 : ​ θk
i 6¼ 0 ​ 8i 2 ½1;N�; ​ 8k 2 ½0;p�

FHENC ¼

​ ðSSR’’
r � SSRuÞ=p

SSRu=½NT � Nð1þ pÞ � p�
H0 : ​ ϑk

i ¼ 0 ​ 8i 2 ½1;N�; ​ 8k 2 ½0;p�
H1 : ​ ϑk

i 6¼ 0 ​ 8i 2 ½1;N�; ​ 8k 2 ½0;p�

Note: HINC, Homogenous and Instantaneous Non-Causality hypothesis; HC, 
Homogenous Causality hypothesis; HENC, Heterogeneous Non-Causality hy
pothesis; SSRu, Sum of Squared Residuals Unrestricted for the respective null 
hypothesis; SSRr , Sum of Squared Residuals Restricted for the respective null 
hypothesis. 

Table 3 
Homogeneous causality between wealth and transportation.   

Eqns. HINC HC 

Causality from wealth to freight (1) 12.254*** 16.423*** 
Causality from freight to wealth (2) 9.442*** 3.277**  

Causality from wealth to passenger (1) 2.441** 2.536** 
Causality from passenger to wealth (2) 5.353*** 2.023** 

Note: HINC, Homogenous and Instantaneous Non-Causality hypothesis; HC, 
Homogenous Causality hypothesis; *** and ** Reject H0 at 1% and 5% levels of 
significance, respectively. 

Table 4 
Homogeneous causality between income and transportation.   

Eqns. HINC HC 

Causality from income to freight (1) 39.256*** 28.320*** 
Causality from freight to income (2) 37.163*** 29.895***  

Causality from income to passenger (1) 6.201*** 2.954** 
Causality from passenger to income (2) 4.339*** 3.749*** 

Note: HINC: Homogenous and Instantaneous Non-Causality hypothesis. HC: 
Homogenous Causality hypothesis. *** and ** Reject H0 at 1% and 5% levels of 
significance, respectively. 

11 We eliminated Republic of Korea from individual causality analysis, as the 
degrees of freedom were very low for both restricted and unrestricted 
regressions.  
12 The detailed F-statistics for HENC tests between wealth and transportation 

and income and transportation can be seen in the appendix in Table A1 and 
Table A2, respectively.  
13 This result is in line with the literature, e.g., Beyzatlar et al. (2014) for 

EU-15 countries, Lean et al. (2014) and Tong and Yu (2018) for China, and Chi 
and Baek (2013) for USA.  
14 This result is in line with the literature, e.g., Baker et al. (2015) for 

Australia, Brida et al. (2016) for Mexico, Chi and Baek (2013) for USA, and
Beyzatlar et al. (2014) for EU-15 countries. 
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alternative proxy for wealth, namely the capital stock. Our aim is to 
ensure that there is no ambiguity in the direction of causality between 
wealth and transportation measures, in the Granger sense. For this 
purpose, we use capital stock per capita (in constant 2011 USD). The 
data has been compiled from the Penn World Table version 9.1 database 
for the same 18 countries for the period 1970–2017. After (i) no cross- 
sectional dependency is verified, (ii) capital stock is purified from the 
unit-root with first-generation panel unit-root tests, and (iii) fixed effects 
model is fitted, exactly the same procedure (HINC, HC, and HENC) is 
followed. In accordance with results presented in Table 6, HINC and HC 
are again rejected. 

Next, HENC is estimated and the null hypothesis of country-level no- 
causality is rejected (the detailed F-statistics are given Table A3). In 
Table 7 below, we compare HENC results of wealth and capital stock.15 

Columns (1) and (2) and columns (3) and (4) indicate that wealth and 
capital stock generate a similar pattern in terms of Granger-causality: 14 
out of 17 countries show bidirectional causality between capital stock 
and freight mobility, as well as between wealth and freight mobility. 
Similarly, 11 out of 17 countries generate identical direction of causality 
between capital stock and passenger mobility, wealth and passenger, of 
which 10 out of 11 are bidirectional. 

Our robustness check indicates that bidirectional causality is the 
dominant direction for both wealth measures. This result indicates that 
transportation has a dual role in an economy, demand-driven and 
supply-driving. On the one hand, wealth (and income) enhances trans
portation mobility; on the other, transportation mobility is itself an 
important input to wealth (and income). The recent COVID-19 epidemic 

clearly indicated that latter characteristics of transportation. The lock
down on passenger mobility and constraints on freight mobility led to a 
sharp decline in production, income and wealth accumulation. That is 
because transportation mobility services are more than a component of 
overall efficiency of economies. They are a vital input without which no 
economy can sustain itself. 

3. Concluding remarks and policy implications 

The transportation literature has focused on the role of income in 
explaining transportation. The constancy of the capital-output ratio in 
the long-run suggests that a similar role can be attributed to wealth 
(¼capital) in understanding transportation. This study was an applica
tion of the idea advanced above: it studied the direction of causation 
between wealth and transportation measures. The study first presented 
two alternating theoretical results on the role of transportation: one is 
essentially demand-sided, and the other is both demand- and supply- 
sided. Next, the study undertook Granger-causality estimations for 18 
countries in a panel data set, covering the years 1970–2017. Empirical 
analyses showed that the Granger-causality relationships between 
wealth and transportation measures are highly consistent with those 
between income and transportation measures across countries, and that 
the dominant relationship is bidirectional. 

The study has two important policy implications. First, through its 
physical networks and services, the transportation sector is a key enabler 
of economic activities, as it facilitates the access of suppliers and de
manders to markets, including the labor market and international 
markets (international trade). The recent COVID-19 epidemic clearly 
indicated the indispensable role of transportation: limitations on pas
senger and freight mobility led to a sharp decline not only in demand, 
but also in overall production activities and trade. We argue that this 
unique role of transportation in an economy necessitates that policy
makers must give priority to prevent interruption to transportation 
network and services. This is the first policy implication of our work. 

Second, the dominant bidirectional causality between wealth and 
transportation sector implies that “better” transportation may act 
against the law of diminishing marginal physical product that capital 
(wealth) is subject �a la technological progress. We argue that limitations 
on passenger and freight mobility during the recent COVID-19 epidemic 
is the other reason why output falls for a given capital stock: the limi
tations led to a downward shift of marginal physical product of capital. 
This (unstudied) role of transportation also necessitates policymakers to 
give priority to prevent interruption to transportation network and 
services. Our conclusion is that transportation is a cause and effect in an 
economy. 

Table 5 
The comparison of HENC results between wealth and income.  

Country (1) 
W and F 

(2) 
I and F 

(3) 
W and P 

(4) 
I and P 

Australia bidirectional bidirectional P to W bidirectional 
Canada bidirectional I to F bidirectional no causality 
China bidirectional bidirectional bidirectional P to I 
Czechia bidirectional I to F bidirectional bidirectional 
Denmark bidirectional bidirectional bidirectional bidirectional 
Finland bidirectional bidirectional no causality I to P 
France bidirectional bidirectional bidirectional bidirectional 
Germany bidirectional bidirectional bidirectional bidirectional 
Greece W to F no causality P to W bidirectional 
Italy F to W bidirectional P to W bidirectional 
Japan bidirectional bidirectional bidirectional bidirectional 
Mexico bidirectional bidirectional P to W I to P 
Netherlands bidirectional bidirectional no causality no causality 
Spain bidirectional bidirectional bidirectional bidirectional 
Sweden bidirectional bidirectional bidirectional bidirectional 
UK bidirectional bidirectional bidirectional bidirectional 
USA bidirectional bidirectional bidirectional bidirectional 

Note: W, Wealth; I, Income; F, Freight; P, Passenger. 

Table 6 
Homogeneous causality between capital stock and transportation.   

Eqns. HINC HC 

Causality from capital stock to freight (1) 14.189*** 13.174*** 
Causality from freight to capital stock (2) 11.711*** 9.424***  

Causality from capital stock to passenger (1) 15.529*** 12.993*** 
Causality from passenger to capital stock (2) 6.262*** 3.488*** 

Note: HINC, Homogenous and Instantaneous Non-Causality hypothesis; HC, 
Homogenous Causality hypothesis. ***, ** and * Reject H0 at 1%, 5% and 10% 
levels of significance, respectively. 

Table 7 
The comparison of HENC results between wealth and capital stock.  

Country (1) 
W and F 

(2) 
CS and F 

(3) 
W and P 

(4) 
CS and P 

Australia bidirectional CS to F P to W CS to P 
Canada bidirectional bidirectional bidirectional bidirectional 
China bidirectional bidirectional bidirectional bidirectional 
Czechia bidirectional bidirectional bidirectional CS to P 
Denmark bidirectional bidirectional bidirectional bidirectional 
Finland bidirectional bidirectional no causality bidirectional 
France bidirectional bidirectional bidirectional bidirectional 
Germany bidirectional bidirectional bidirectional bidirectional 
Greece W to F no causality P to W no causality 
Italy F to W bidirectional P to W P to CS 
Japan bidirectional bidirectional bidirectional bidirectional 
Mexico bidirectional bidirectional P to W CS to P 
Netherlands bidirectional bidirectional no causality P to CS 
Spain bidirectional bidirectional bidirectional bidirectional 
Sweden bidirectional bidirectional bidirectional bidirectional 
UK bidirectional bidirectional bidirectional bidirectional 
USA bidirectional bidirectional bidirectional bidirectional 

Note: W, Wealth; CS, Capital Stock; F, Freight; P, Passenger. 

15 We again eliminated Republic of Korea from individual-level causality 
analysis, as the degrees of freedom were very low for both restricted and un
restricted regressions. 
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Appendix 

Table A1 
Heterogeneous causality between wealth and transportation.  

Country Null: Heterogeneous Non-Causality (HENC) 

W to F F to W W to P P to W 

Australia 4.218** 4.843** 1.693 3.058* 
Canada 7.348*** 7.242*** 14.638*** 13.196*** 
China 8.753*** 6.921*** 10.783*** 6.964*** 
Czechia 3.589** 3.849** 3.525** 12.982** 
Denmark 3.163* 9.308*** 11.134*** 9.726*** 
Finland 12.379* 10.853* 0.348 0.325 
France 4.408** 4.315** 2.517** 3.229** 
Germany 16.939*** 7.844*** 7.886*** 7.884*** 
Greece 2.462* 0.734 1.071 15.983*** 
Italy 0.615 6.588*** 0.769 4.698*** 
Japan 6.907*** 2.558** 7.447*** 5.382*** 
Mexico 4.261*** 6.740*** 2.233 3.241** 
Netherlands 3.994** 12.893*** 0.766 0.449 
Spain 11.558*** 5.859*** 12.353*** 12.514*** 
Sweden 2.160* 3.327** 4.208** 2.905** 
UK 5.143*** 7.163*** 2.927** 3.135** 
USA 3.578** 4.768*** 3.811** 5.789*** 

Note: W, Wealth; F, Freight; P, Passenger. ***, ** and * Reject H0 at 1%, 5% and 10% levels of significance, respectively.  

Table A2 
Heterogeneous causality between income and transportation.  

Country Null: Heterogeneous Non-Causality (HENC) 

I to F F to I I to P P to I 

Australia 3.742** 3.412** 6.655*** 3.285** 
Canada 4.144** 0.784 3.281 0.566 
China 3.000* 2.392* 0.285 3.423** 
Czechia 3.005* 0.546 2.828* 4.687** 
Denmark 8.824*** 11.126*** 8.548*** 3.409** 
Finland 8.590*** 5.680*** 17.108*** 1.637 
France 9.497*** 6.074*** 3.131*** 3.900*** 
Germany 42.391*** 59.829*** 5.839*** 5.715*** 
Greece 0.416 0.402 4.024*** 4.128*** 
Italy 5.386*** 3.757** 5.718*** 4.126*** 
Japan 4.797** 3.898** 5.134** 16.871*** 
Mexico 6.362*** 8.415*** 5.147*** 1.362 
Netherlands 10.333*** 19.759*** 1.056 1.338 
Spain 3.825* 3.332* 11.745*** 3.265** 
Sweden 3.059** 4.035** 5.296*** 3.009* 
UK 11.255*** 8.309*** 8.906*** 4.687** 
USA 13.624*** 16.715*** 4.245** 6.429*** 

Note: I, Income; F, Freight; P, Passenger. ***, ** and * Reject H0 at 1%, 5% and 10% levels of significance, respectively.  

Table A3 
Heterogeneous causality between capital stock and transportation.  

Country Null: Heterogeneous Non-Causality (HENC) 

CS to F F to CS CS to P P to CS 

Australia 3.304** 0.693 2.612* 0.266 
Canada 6.987*** 4.632** 6.383* 6.209** 
China 4.872** 7.010*** 4.274** 6.160** 
Czechia 3.314** 3.238** 5.832** 2.556 
Denmark 6.743*** 10.758*** 5.748*** 7.833*** 
Finland 3.482** 3.053** 8.098*** 2.667* 
France 14.794*** 15.170*** 5.845*** 6.478*** 
Germany 7.398*** 16.363*** 8.778*** 8.688*** 
Greece 0.218 0.476 0.932 0.949 

(continued on next page) 
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Table A3 (continued ) 

Country Null: Heterogeneous Non-Causality (HENC) 

CS to F F to CS CS to P P to CS 

Italy 6.230*** 6.849*** 1.435 3.389** 
Japan 3.546** 3.986*** 2.821** 3.756** 
Mexico 8.682*** 7.503*** 3.131** 1.659 
Netherlands 13.367*** 16.354*** 1.665 4.696*** 
Spain 2.685* 2.975** 3.693** 4.101** 
Sweden 2.893* 4.449** 12.027*** 6.244*** 
UK 14.238*** 15.492*** 7.801*** 10.569*** 
USA 3.643** 4.724** 4.293** 3.439** 

Note: CS, Capital Stock; F, Freight; P, Passenger. ***, ** and * Reject H0 at 1%, 5% and 10% levels of significance, respectively. 
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