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Abstract

Transport infrastructure has become one of the prominent components of trade facilitation in
recent years to improve trade among economies. Therefore, this paper empirically investigates
the effect of transport infrastructure on high-tech manufactured exports among Brazil, Russia,
India, China, and South Africa (BRICS) countries for the period 2009-2020. The paper applied
the panel autoregressive distributed lag (PARDL) to investigate the objective of the study. The
results show a negative impact of transport infrastructure on high-tech manufactured exports.
The paper suggests that countries should consider improving transport infrastructure through
investment by erecting new transport networks such as roads and seaports and upgrading ex-
isting links and technology.
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I. Introduction

A sound and wide-ranging infrastructure is considered one of the key require-
ments in transportation and goods forwarding worldwide. Therefore, meeting the de-
mands for quality infrastructure, both physical and social, is a priority agenda for the
authorities in many regions. Organisation for Economic Cooperation and Develop-
ment (2013) describes transport infrastructure as ‘all routes and fixed installations of
the three modes of transport are routes and installations necessary for the circulation
and safety of traffic’. Fourie (2007) explained that there are some positive attributes
related to infrastructure to stimulate international trade. The first attribute is that qual-
ity infrastructure can reduce trade costs and can be divided into search costs, the cost
of enforcing contracts, transport costs, tariffs and the cost of delays and uncertainties
of delivery [Nordås and Piermartini (2004)]. Also, quality transport infrastructure has
direct benefits on reduced costs of inputs into the production process and indirectly,
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productivity improves [Fourie (2006)]. According to OECD (2013), transport infra-
structure is a crucial input into the production of transport services which, in turn, are
necessary to allow for the market exchange of final goods and inputs or for broader
welfare benefits such as travel time savings.

Recently, the promotion of regional free trade of imports and exports has lowered
tariffs in most economies. This strategy enables the economies to trade goods and
services without barriers and enhances over-border transactions. However, it has been
observed that economies need to work on trade facilitation to escalate the trade of
goods among the countries. Sakyi, et al., (2018) describe trade facilitation as the sim-
plification and harmonisation of international trade procedures aimed at reducing
transaction costs and arrangements associated with trade. It is evidenced that poor
transport infrastructure adds around 30-40 per cent to the costs of goods traded among
African countries [OECD (2019)].

As noticeably, efficient operation of the transportation system is crucial for in-
ternational trade and integration in global production chains. Hence, the BRICS strat-
egy indicates that a balanced and dynamic transnational transportation and logistics
system is essential for growth within the five countries. BRICS is a dialogue and co-
operation platform among (Brazil, Russia, India, China and South Africa) which to-
gether account for 26 per cent of global land, 42 per cent of the global population and
27 per cent of the world’s Gross Domestic Product (GDP), 17.3 per cent of global
merchandise trade [Global Economy (2019)].

Empirically limited studies have been conducted within BRICS countries, for ex-
ample, Durmaz and Yildiz (2020) and Ying, et al., (2014), whereby their focuses were
more on assessing the performance of high-tech exports in relation to research and in-
novation. As a result, this study is conducted to fill the gap that exists within the em-
pirical literature by assessing the role of transport infrastructure in accelerating exports
of high-tech manufactured products. Therefore, the aim of this study is to analyse trans-
port infrastructure and high-tech exports using panel data from 2009 to 2020. 

The study is organised as follows. Section II provides the study’s literature re-
view—Section III provides model specification and data analysis, respectively. The
study results are presented in Section IV, whereas the conclusion is presented in
Section VIII.

II. Literature Review

Transport infrastructure is widely seen as a factor in promoting trade relations
and growth across countries. Within the theoretical framework, Krugman (1979)
and Helpman and Grossman (1991) postulated that the variety of technological
products available within different countries promotes foreign trade within countries
if those countries are accessible. Noticeably, the link between transport infrastruc-
ture and trade has intrigued most researchers for decades. As a result, this literature
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review section will first review studies on country groups and then later review
cases of specific countries. In reviewing group countries’ studies, Gani (2017) stud-
ied the impact of logistics performance on international trade using a sample of 60
countries. The results show that the advanced performance of logistics is positively
correlated with trade. Celbis, et al., (2014) investigated the quality and importance
of infrastructure on trade for the period 1999 to 2012 for OECD countries using
meta-analysis. The paper presented evidence that most countries that lack proper
infrastructure could greatly losses on trade opportunities. According to Hulten
(2005), the possible effects of infrastructure investment differ according to the level
of development and the extent to which existing infrastructure networks have al-
ready been built. The paper by Grigorious (2007) studied the impact of infrastruc-
ture and land-lock on trade for the period 1992 to 2004. The study provides
evidence obtained from a sample of 167 countries that road construction infrastruc-
ture within a landlocked country may not be adequate to enhance trade. Similarly,
the work of Wilson and Shepherd (2006) in their analysis of road quality on in-
traregional trade of 138 cities and 27 countries across Europe and Central Asia
proves that upgrading road infrastructure has the possibility of increasing trade by
50 per cent over baseline. Nordås and Piermartini (2004) investigated the impact
of the quality of infrastructure (road, airport, and telecommunication, and the time
required for customs clearance) on total bilateral trade and trade in the automotive,
clothing and textile sectors in the least developed countries. The study found that
port efficiency appears to have the largest impact on trade among all indicators of
infrastructure in least-developed countries. It can be viewed that the literature above
on group studies shows that infrastructure, in general, and especially transport has
a very inconsistent effect on trade.

Martinez-Zarzoso and Nowak-Lehmann (2002) studied the Mercosur-European
Union bilateral trade flows, employing the gravity trade model using panel data
from 1988 to 1996. The study concludes that investing in a trade partner’s infra-
structure is not beneficial because only the exporter’s infrastructure enhances trade
but not the importer’s infrastructure. Edmonds and Fugimura (2006) model the mar-
ginal effect of cross-border road infrastructure on trade and foreign direct invest-
ment in the Greater Mekong Sub-region in South-East Asia using panel data from
1981 to 2003. The study showed that the improvement of cross-border road infra-
structure in the Greater Mekong Sub-region could promote and increase exports.
They further explained that promoting trade may require a shift of policies to attract
and invest in roads and border infrastructure. Muuse, et al., (2010), in their study,
investigated transport infrastructure, intraregional trade and economic growth for
12 South American countries for the time period 1993 to 1999. The gravity model
was employed, and the study found that transport infrastructure quantity increases
intraregional trade. Furthermore, the study did not find any evidence that the quality
of infrastructure could promote intraregional trade.
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Simwaka (2011) examined the trade potential expected from the Southern
African Development Community Free Trade Agreement using the gravity model.
The study found that transportation costs, captured by the quality of infrastructure,
have negatively correlated with trade. Another study in Africa is that of Lawrence
and Martin (2008) focused on Sub-Saharan Africa. The study investigated the qual-
ity of infrastructure on export. According to their study, improving the quality of
infrastructure has a positive effect on export. The paper by Yushi and Borojo (2018)
examined the impact of economic, institutional quality, border and transport effi-
ciency, and physical and communication infrastructure on the trade flow of African
countries. The study covered 44 African countries as hosts and 173 trade partner
countries. The study found that physical infrastructure and institutional quality vari-
ables are significant determinants of trade flow in Africa. The study by Shinyeka
and Ntale (2017) examined the impact of economic infrastructure on exports of
manufactured products for East African countries (EAC). The gravity model was
employed for the period 2001 to 2014. Their results show that complex infrastruc-
ture improves the country’s gains in terms of exporting manufactured products from
EAC. The study further elaborated that hard infrastructure has a greater impact on
improving trade when compared to soft infrastructure. The work of Simwaka
(2011), Lawrence and Martin (2008), Yushi and Borojo (2018) Shinyeka and Ntale
(2017) studied the various components of transport infrastructure on trade in African
countries. The general impression from these African studies is that transport in-
frastructure in various forms seems to have a positive effect on trade.

Following is the review of specific countries, Albarren, et al., (2011) investigate
Spanish manufacturing firms using panel data of 4177 firms for the period from 1990
to 2005. They analysed the firms’ entry probability into exporting, focusing on domes-
tic road transport using the progressive estimation strategy. The study concluded that
export market entry is mostly conditioned by the firm’s size, and it proves that domestic
transport infrastructure improves and encourages small and medium-sized firms to ex-
port. Granato (2008), covering Argentina’s regions between 2003 and 2005, concluded
that improving the quality of infrastructure has a positive impact on export by lowering
the transport cost faced by exporters. The study was then supported by Tong, et al.,
(2014) when analysing the dynamics of transport infrastructure, exports and economic
growth using a multivariate time series analysis covering the period 1950 to 2006.
With a similar conclusion to Granato (2008) and Albarren, et al., (2011), the study con-
cluded that improvements in road infrastructure increase economic growth by enhanc-
ing the capital stock of non-transport infrastructure, and it also shows a positive impact
on economic outputs and exports. Sahoo and Dash (2011), using the period from 1980
to 2005 employing panel cointegration for South Asia, also revealed that variables
such as expenditure on human capital, labour force and export promote a positive con-
tribution to output and increasing exports. More importantly, infrastructure develop-
ment contributes significantly to output growth in South Asia.
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Regarding the studies related to individual country members, recent evidence
by Wu and Kang (2021) examined the impact of transport infrastructure on export
trade from 31 provinces in China. The results indicated that improving the transport
infrastructure in China may promote export development and increase freight
turnover. Similarly, Li, et al., (2019) conducted a study on transport infrastructure
on trade using panel data of provinces in China from 2009 to 2017. The results con-
cluded that improved infrastructure could contribute to promoting the country’s
trade. They further detailed that railways, highways, and ports have strong connec-
tions as transport infrastructure in promoting trade across the provinces. As far as
BRICS countries are concerned, Durmaz and Yildiz (2020) studied the effect of in-
novation on high-tech exports within BRICS countries. The authors focused on R&D
as an innovative tool to improve high-tech exports. Using panel data, the study re-
vealed that innovation activities play an important role in growing the export patterns
of those high-tech exports. Ying, et al., (2014) also revealed similar conclusions as
the authors analysed the competitive high-technology exports from BRICS countries
to the United States. The study shows that investing in R&D has a positive relation
in promoting high-tech exports to the U.S. market. The studies for BRICS countries
lack the direct focus of what the current study aims to achieve, hence the rationale
for the study at hand.

Through a careful review of studies in BRICS countries, this paper contributes
to the existing literature in the following ways. For example, firstly, unlike other stud-
ies in BRICS countries, this study will narrow the investigation into analysing trans-
port infrastructure and high-tech manufactured exports. This is different compared
to the existing work of Durmaz and Yildiz (2020). This approach is very crucial in
the sense that it will integrate the role and availability of transport infrastructure to
provide much robust knowledge, and this will guide the specific policy recommen-
dation. Secondly, the paper explores the use of two measures to capture the effect of
transport infrastructure, container port traffic and linear shipping connectivity index,
following the study by Ismail and Mahyideen (2015). This effort is to counter the
previous studies, which only used one measure for transport infrastructure. Therefore,
the existing studies in BRICS countries make this current paper novel in that regard.
Lastly, this paper uses the data span from 2009 to 2020; this duration is taken to con-
sider the establishment of BRICS as an organisation. The BRIC grouping’s first for-
mal summit, also held in Yekaterinburg, commenced on 16 June 2009. This might
provide a sense of ‘progress’ since the establishment of the organisation. Considering
all factors mentioned above, this gives an advantage and necessity for this study to
be conducted and contribute to the existing literature. Concluding that, the study will
investigate the transport infrastructure’s effect on high-tech manufactured exports
within BRICS as these countries are known to promote a sustainable and accelerated
competitive advancement of developing economies through the implementation of
multilateral trade mechanisms [Mokonyana, et al., (2013)].
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III. Model Specification and Data Source

1. Model Specification

Studies on transport infrastructure and trade have been generally classified into
two groups based on their models. The first category of studies relies upon gravity
modelling, which concentrates much on the flow of goods within a particular trade
region. On the other hand, the second groups of studies rely much on non-stationary
models, which investigate the cointegration among the variables. Therefore, for the
current paper, after following the extant literature, the below Model is specified in
Equation (1):

HXPit = γij +1WGDPit + 2 XRit + 3 LNCORit + θ4 LNTRNSit + it (1)

Where HXPit is a high tech-manufactured export from BRICS countries to rest
of the world. WGDPit represents world gross domestic product, XRit is the exchange
rate for each country, LNCORit is the proxy for corruption and lastly LNTRNSit pres-
ent the proxy for transport infrastructure. For this study, there are two measures
used, which is CPTit (Air transport freight) and LSCit (Liner shipping connectivity
index). The selected proxies for transport infrastructure are regressed separately to
avoid the problem of multi-collinearity. The above Model (1) is estimated using 2
variations of Equations, and they are presented as follows in Equation (2) and (3):

HXPit = γij + θ1WNGDPit +θ2 XRit + θ3 LNCORit + θ4CPTit + θit (2)

LNHXPit = γij + θ1 LNGDPWit +θ2 XRit + θ3 LNCORit + θ4 LSCit + θit (3)

The study assumes that world GDP (WGDPWit), can be viewed as the income
of importing country represents representing the potential capacity for their imports,
given there is some demand in between. A high level of world GDP of importing
countries implies high imports of high-tech-manufactured exports from BRICS
countries. Therefore, there is an expected positive coefficient of the world GDP of
importing countries.

For exchange rate (XRit) there is an expected negative relationship between
high-tech-manufactured exports and transport infrastructure. This expectation de-
pends on the fact that the real exchange rate can capture a relative price advantage
of BRICS countries over their competitors. A fall in the relative BRICS prices
due to exchange rate depreciation makes exports cheaper in international markets
resulting in an increased demand for high-tech-manufactured exports.

LNCORit present the measure for corruption in BRICS countries. According to
Gil-Pareja, Llorca-Vivero and Martínez-Serrano (2019), the improper functioning
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of the legal framework can hinder the effectiveness of the contracts, a fact that dis-
courages international transactions by increasing the cost of exporting. Therefore,
this study expects a negative relationship between corruption and high-tech-man-
ufactured exports.

LNTRNSit proxy the quality of transport infrastructure in BRICS countries. The
higher the scale of quality in terms of transport infrastructure, the more supply of
high-tech-manufactured exports. The selected proxies for transport infrastructure
are regressed separately to avoid the problem of multi-collinearity. The above Equa-
tion (2) to (3) are estimated using analysis of panel autoregressive regression
(PARDL) pioneered by Pesaran, et al., (1999). However, prior to that, the study
will perform the preliminary test such as descriptive statistics, correlation analysis
and panel unit root tests.

2. Data Source

This study employs the panel of 5 countries which form BRICS, i.e., Brazil,
Russia, India, China, and South Africa, for the period 2009 to 2020. The motivation
for this period was based on the availability of data and the establishment of BRIC
in 2009. Variables descriptions for the study are presented in Table 1 below:
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Variable Variable description Source of data

HMX Median and high-tech manufactured
exports

World Bank national accounts data

WGDPP GDP (constant 2010 US$) World Bank national accounts data,

XR Real effective exchange rate index
(2010 = 100)

World Bank national accounts data
and PENN World TABLES

LNCOR Corruption index Governance indicators, World Bank 

CPT Container port traffic (TEU: 20 foot
equivalent units)

World Bank national accounts data

LSC Linear shipping connectivity index World Bank national accounts data

TABLE 1
Data Description of the Study

Source: Authors’estimation.



IV. Empirical Results

Firstly the descriptive statistics were estimated, then the correlation analysis
was reported. Preliminary results of unit root tests are also presented. The paper
presents the Pedroni cointegration results followed by Pool Mean Group (PMG)
results. Lastly, the study concluded with diagnostic tests.

Table 2 presents the descriptive statistics of all variables used in the Model for
BRICS countries. The results show that, on average, the variable of the study which
has the highest mean is WGDP, followed by XR, and the smallest is LNCOR. On
standard deviation, the variable with the highest variance is WGDP, and the smallest
is LNCOR. However, the descriptive statistics alone are not enough to come to a
certain conclusion.

PAKISTAN JOURNAL OF APPLIED ECONOMICS8

TABLE 2
Descriptive Statistics for BRICS Countries

Source: Authors’estimation.

Source: Authors’estimation.

TABLE 3
Correlation results for BRICS countries

HXP WGDP XR LNCOR CPT LSC

Mean 2.490 9.217 4.417 0.779 2.791 3.941
Minimum 1.588 9.110 3.822 0.405 2.688 3.274
Std. Dev. 0.560 0.059 0.253 0.199 0.078 0.540

Correlation
(Probability) HXP WGDP XR LNCOR CPT LSC

HXP 1.000
-----

WGDP -0.058 1.000
(0.659) -----

XR 0.555 -0.085 1.000
(0.000) (0.518) -----

LNCOR -0.335 -0.310 -0.231 1.000
(0.009) (0.016) (0.077) -----

CPT 0.787 0.102 0.424 -0.075 1.000
(0.000) (0.437) (0.000) (0.567) -----

LSC -0.104 0.151 0.096 -0.750 -0.317 1.000
(0.431) (0.252) (0.467) (0.000) (0.014) -----



Table 3 indicates a linear relationship between two variables by measure of di-
rection and strength. The correlation between HXP and its explanatory variables
some sync with the theoretical predictions except for WGDP, LNCOR and LSC,
which show a negative correlation with HXP. The results indicate that XR and CPT
have a positive impact on HMX.

The study applies Levin, et al., (2002), which assumes the common unit root
process among the system. The panel unit root tests consist of the following vari-
ables; high-tech-manufactured exports (HXP), world gross domestic product
(WGDP), the exchange rate (XR), corruption (LNCOR), container port transport
(CPT) and linear shipping connectivity index (LSC). As shown in Table 4, our sam-
pled variables are all stationary in both the individual unit root process tests and
are integrated of order zero I(0), except for variable HXP, which is integrated of
order 1 I(1). Therefore, since the variables mix in order of integration, we can pro-
ceed to investigate cointegration among the variables under study.

Having established the order of integration among the variables under study in
our panel unit root tests, we go further to test the null of no cointegration link to
establish a long-run relationship between our sampled variables. The Pedroni coin-
tegration test [Pedroni (1999)] was applied as presented in Table 5 and Table 6. Pe-
droni cointegration test highlights the characteristics of the residual-based tests for
the null hypothesis of no cointegration for long-run and short-run. Pedroni test also
considers group mean among dimension tests with independent intercept in the test
and pooled within dimension tests. As shown in the Pedroni cointegration test in
Table 5 for Model (2), 4 out of the 7 findings significantly reject the null hypothesis
of no cointegration. Also, it can be observed in Table 6 for Model (3) that 4 out of
the 7 findings significantly reject the null hypothesis of no cointegration. Therefore,
based on the findings of Pedroni cointegration tests, the paper can conclude that a
strong long-run relationship exists between high-tech-manufactured exports, world
GDP, exchange rate, corruption and transport infrastructure measured by container
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TABLE 4
Unit root results for Levin, Lin and Chu

Source: Authors’estimation.

Variables Statistics Probability Order of integration
HXP -0.023 0.4905
∆HXP -4.456 0.000*** I(1)
WGDP -3.718 0.000*** I(0)
XR -2.770 0.002*** I(0)
LNCOR -1.525 0.063* I(0)
CPT -4.440 0.000*** I(0)
LSC -2.091 0.018** I(0)



port traffic and linear shipping index in BRICS countries. As the presence of coin-
tegrations in the long-run equilibrium is established, the study then proceeds to es-
timate the parameters of the independent variables using PARDL.

Table 7 shows two Models used to estimate the impact of transport infrastructure
on high-tech-manufactured exports in BRICS countries. The paper used various indi-
cators to represent transport infrastructure, such as container port transport and linear
shipping connectivity index. Equation (2) parameters were estimated with PARDL,
and the results are presented in column 2. The variable world gross domestic product
(WGDP) has a significant positive impact on high-tech-manufactured exports indicat-
ing that an increase in WGDP would stimulate high-tech-manufactured products being
exported by BRICS countries to the rest of the world. These results suggest that a 1
per cent increase in WGDP will result in an increase in high-tech-manufactured ex-
ports. These findings are consistent with the results of Güneş, et al., (2020), who found
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Source: Authors’estimation.

TABLE 5
Pedroni cointegration for Model 2

Source: Authors’estimation.

TABLE 6
Pedroni cointegration for Model 3

Within-dimension statistics Panel -statistic Panel probability
Panel v-statistic 0.638 0.261
Panel rho-statistic 2.547 0.994
Panel PP-statistic -4.713 0.000***
Panel ADF-statistic -2.025 0.021**
Between dimension statistics
Group rho-Statistic 2.945 0.998
Group PP-Statistic -10.354 0.000***
Group ADF-Statistic -4.465 0.000***

Within-dimension statistics Panel -statistic Panel probability
Panel v-statistic 0.342 0.366
Panel rho-statistic 2.313 0.989
Panel PP-statistic -5.754 0.000***
Panel ADF-statistic -2.818 0.002***
Between dimension statistics
Group rho-Statistic 3.171 0.999
Group PP-Statistic -11.737 0.000***
Group ADF-Statistic -3.303 0.000***



a positive relationship between GDP per capita and high-tech-manufactured exports.
In terms of the exchange rate, the results show a negative and statistically significant
impact on high-tech-manufactured exports. This implies that when the exchange rates
of BRICS countries increase, automatically, the price seems to be high and manufac-
tured exports will decrease. The results are in line with the work of Sahoo and Dash
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Source: Authors’estimation.

TABLE 7
Long run and short results for Models (2) and (3)

Long run Model 1
parameters

Model 2
parameters

WGDP 10.425 16.678
(0.000)*** (0.000)***

XR -1.125 -1.719
(0.000)*** (0.000)***

LNCOR -0.954 -1.587
(0.000)*** (0.000)***

CPT -6.89 --------
(0.000)***

LSC -------- -1.831
(0.000)***

Short run 
ECT -0.681 -0.675

(0.005)*** (0.054)**
D(WGDP) -4.798 -10.033

(0.005)*** (0.089)*
D(XR) 0.339 0.49

(0.058)** (0.178)
D(LNCOR) 0.411 0.833

(0.130) (0.102)
D(CPT) -2.313 --------

(0.216)
D(LSC) -------- 1.001

(0.141)
Intercept -46.352 -89.652

(0.005)*** (0.052)*
trend -0.143 -0.223

(0.017)** (0.063)*



(2011). The study also considered the effect of corruption on stimulating high-tech-
manufactured exports in BRICS countries. The results show that corruption has a sig-
nificant negative impact on high tech-manufacture exports. This result implies that as
corruption increases in BRICS countries, this will lead to a decrease in stimulating
high-tech-manufactured exports—these results align with the theory and the study by
Gil-Pareja, et al., (2019). The study also captured transport infrastructure using con-
tainer port transport (CPT). The results indicate a negative and significant impact of
container port transport on high-tech-manufactured exports. These findings are incon-
sistent with the theoretical expectations. However, these findings are consistent with
the empirical study by Muuse, et al., (2010).

Another more interesting result from short-run pooled mean group estimation
is that the error correction term (ECT) with a coefficient of -0.68 is negative and
statistically significant, which shows that periodical deviations in the long-run series
have disappeared; a long-run relationship exists among the variables. The paper is
interested on the long-run coefficients of the models since the study deals with the
long-run relationship between high-tech-manufactured exports and transport infra-
structure. Table 3 also presents results estimated from Model (3). The results exhibit
that world GDP has a significant positive impact on high-tech-manufactured ex-
ports. Whereas exchange rate and corruption exhibit a negative significant impact
on high-tech-manufactured exports.

The variable of interest transport infrastructure measured as linear shipping con-
nectivity index shows a coefficient of -1.83 per cent on high-tech-manufactured ex-
ports. These findings are inconsistent with the results of Gani (2017), who found that
logistic performance is positively correlated with trade. The results also show that in
the short run, the long-run deviation is corrected at the speed of 67 per cent. Overall,
findings presented under PARDL long-run estimations show that WGDP has a posi-
tive impact on high-tech-manufactured exports in both Model (2) and Model (3). Ex-
change rate and corruption showed a negative interaction with high-tech manufactured
exports in both models. All measures of transport infrastructure measured with con-
tainer port traffic in Models (2) and (3) showed a negative impact on high-tech-man-
ufactured exports. These results are robust and consistent in all models.

V. Conclusion of the Study

The role of transport infrastructure to promote trade has been recognised over
decades. Therefore, this study analysed the impact of transport infrastructure on
high-tech-manufactured exports in BRICS. It has been a study of interest as BRICS
countries have always been known to assist countries in gaining an advantage in
trade and promoting infrastructure. Therefore, the motivation of this study was to
analyse how different measures of transport infrastructure affect high-tech-manu-
factured exports using panel data from 2009 to 2020.
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The study has concluded that the results are significant in the case of all esti-
mations, showing that WGDP in all models appeared to have a positive relationship
with high-tech-manufactured exports in BRICS countries. However, as the study
identified measures of transport infrastructure which are container port transport
and linear shipping connectivity, those variables showed a negative relationship
with high-tech manufactured exports. It may be due to the poor quality and quantity
of maritime transport infrastructure among BRICS countries. In other perspectives,
it may be that when observing, the geographical distance among the countries is
large, and it can be a barrier to trade.

These findings imply that BRICS countries should consider improving transport
infrastructure through investment by erecting new transport networks, such as roads
from inland to the seaport and upgrading existing links and technology. In conclu-
sion, further research should focus more on the inclusion of other variables such as
productivity, energy, financial infrastructure and trade agreements that may support
the improvement of transport infrastructure and promotion of trade.

References

Albarran, P., R. Carrasco and A. Holl, 2011, Domestic transport infrastructure and firms
export market participation, Small Business Economics, 40(4): 879-898. DOI:
10.1007/s11187-9393-9.

Celbis, M. G., P. Nijkamp and J. Poot, 2014, Infrastructure and trade: A meta-analysis,
The Journal of European Regional Science Association, 1(1): 25-65.

Durmaz, A., and U. Yildiz, 2020, The impact of innovation in the process of high tech-
nology exports: Analysis on BRICS countries, International Journal of Eco-
nomic and Administrative Studies, UIIID-IJEAS, 28: 193-202.

Edmonds, M., and M. Fugimura, 2006, Impact of cross border transport infrastructure
on trade and investment in the GMS, ADB Institute Discussion Paper No. 48,
https://www.adb.org/sites/default/files/publication/156685/adbi-dp48.pdf

Fourie, J., 2006, Economic infrastructure: A review of definitions, theory and empirics,
South African Journal of Economics, 74(3): 530-556, September.

Fourie, J., 2007, A note on infrastructure quality in South Africa, Stellenbosch Economic Work-
ing Papers: 03/07, https://www.ekon.sun.ac.za/wpapers/2007/wp032007/wp-03-2007.pdf

Gani, A., 2017, The logistics performance effect in international trade, Asian Journal of
Shipping and Logistics, 33(4): 279-288. DOI 10.1016/j.ajsl.2017.12.012.

MOSIKARI & SETSHEDI, TRANSPORTATION INFRASTRUCTURE & HIGH-TECH MANUFACTURED EXPORTS 13



Gil-Pareja, S., R. Llorca-Vivero., and J. A. Martínez-Serrano, 2019, Corruption and in-
ternational trade: A comprehensive analysis with gravity, Applied Economic Analy-
sis, 27(79): 3-20, https://doi.org/10.1108/AEA-06-2019-0003

Global Economy, 2019, Compare countries with annual data from official sources.
Granato, M. F., 2008, Regional export performance: First nature, agglomeration and des-

tiny? The role of infrastructure, https://www.caf.com/media/29865/florenciagranato-
regionalexportperformance.pdf

Grigorious, C., 2007, Landlockedness, infrastructure and trade: New estimates for central
Asian countries, Washington D.C: Policy Research Working Paper, 4335. https://doc-
uments1.worldbank.org/curated/en/289461468016849336/pdf/wps4335.pdf

Güneş, S., S. P. Gürel., D. Y. Karadam and T. Akin, 2020, The analysis of main determinants
of high technology exports: A panel data analysis, Kafkas University Economics and Ad-
ministrative Sciences Faculty, KAUIIBFD, 11(21): 242-267, https://dergipark.org.tr/tr/
download/article-file/1180571

Helpman, E., and G. M. Grossman, 1991, Innovation and growth in the global economy
Massachusetts, Cambridge, MIT Press, Paper 359.

Hulten, C. R., 2005, Transportation infrastructure, productivity and externalities, National Bureau
of Economic Research, University of Maryland, http://econweb.umd.edu/ ~hulten/ web-
pagefiles/Transportation%20Infrastructure,%20Productivity,%20and%20Externaliti.pdf

Ismail, N. W., and J. M. Mahyideen, 2015, The impact of infrastructure on trade and
economic growth in selected economies in Asia, Tokyo: ADBI Working Paper, 553. 

Krugman, P. R., 1979, Increasing returns, monopolistic competition and international
trade, Journal of International Economics, 9(4): 469-479.

Lawrence, E., and O. Martin., 2008, Infrastructure, transport costs and trade: A new Ap-
proach, TIPS Small Grant Scheme Research Paper Series 2008.

Levin, A., C. F. Lin and C. Chu., 2002, Unit root tests in panel data: Asymptotic and fi-
nite-sample properties, Journal of Econometrics, 108(1): 1–24.

Li, J. H., G. N. Rim and C. J. An., 2019, Impact of transport infrastructure on trade: Ev-
idence from the Chinese inland provinces under ‘One Belt, One Road’, Open Journal
of Business and Management, 7: 2030-2046, DOI 10.4236/ojbm.2019.74140.

Martínez-Zarzoso, I., and F. Nowak-Lehmann, 2002, Augmented gravity model: An em-
pirical application to Mercosur-European union trade flows, Journal of Applied Eco-
nomics, 6(2): 291-316.

Mokonyama, M. T., M. Vilana and B. Mpondo, 2013, Strategic role of transport in BRICS
group of countries and lessons for South Africa. https://researchspace.csir.co.za/dspace/bit-
stream/handle/10204/7045/Mokonyama_2013.pdf?sequence=1

Muuse, A., 2010, Transport infrastructure, intraregional trade, and economic growth: A study
of South America, Master’s thesis in economics, Jonkoping International Business School,
http://www.diva-portal.org/smash/get/diva2:325723/FULLTEXT01.pdf

Nordås, H., and R. Piermartini, 2004, Infrastructure and trade, Staff Working Paper, Eco-
nomics Research and Statistics Division, World Trade Organization,

PAKISTAN JOURNAL OF APPLIED ECONOMICS14



https://papers.ssrn.com/sol3/papers.cfm?abstract_id=923507
OECD., 2013, Understanding the value of transport infrastructure: Guidelines for macro-

level measurement of spending and assets, Task Force Report, 2013, https://www.itf-
oecd.org/sites/default/files/docs/13value.pdf

OECD., 2019, Infrastructure and regional connectivity in Africa, Policy note on Africa,
h t t p s : / / w w w . o e c d . o r g / d e v / d e v e l o p m e n t -
philanthropy/AfricaPolicyNote%20_2019.pdf

Pedroni, P., 1999, Critical values for cointegration tests in heterogeneous panels with
multiple regressors, Oxford Bulletin of Economics and Statistics, 61: 653-670.

Pesaran, M. H., Y. Shin and P. R. Smith, 1999, Pooled mean group estimation of dynamic
heterogeneous panels, Journal of the American Statistical Association, 94(446): 621-
634.

Sahoo, P., and R. K. Dash, 2011, Economic growth in South Asia: Role of infrastructure,
The Journal of International Trade and Economic Development, 21(2): 217-252,
DOI 10.1080/09638191003596994

Sakyi, D., I. Bonuedi and E. E. O. Opoku, 2018, Trade facilitation and social welfare in
Africa, Journal of African Trade, 5: 35–53.

Shinyekwa, I. M. C., and A. Ntale, 2017, The role of economic infrastructure in promot-
ing exports of manufactured products: Trade facilitation and industrialisation in the
ECA, Economic Policy Research Centre (EPRC), Research series No. 139.

Simwaka, K., 2011, An empirical evaluation of trade potential in Southern African de-
velopment community, African Economic Research Consortium, Nairobi, AERC
Research Paper 235, https://aercafrica.org/old-website/wp-
content/uploads/2018/07/RP235.pdf

Tong, T., E. Yu and R. K. Roberts, 2014, Dynamics of transport infrastructure, Exports
and economic growth in the United States, Journal of the Transport Research Forum,
53 (1): 1-18.

Wilson, J. S., and B. Sherperd., 2006, Road infrastructure in Europe and Central Asia:
Does network quality affect trade?, World Bank Policy Research Working Paper Se-
ries 4104, https://papers.ssrn.com/sol3/papers.cfm?abstract_id=953572

Wu, L., and R. Kang., 2021, The impact of transportation infrastructure on export trade:
Evidence from 31 Provinces in China, DOI: 10.36689/uhk/hed/2021-01-090

Ying, S., L. Miao., and L. Yibo, 2014, High-Tech products export competitiveness, BRIC
countries in U.S market: A comparative analysis, The Journal of Developing Areas,
48(3): 195-218.

Yushi, J., and D. G. Borojo., 2018, The impacts of institutional quality and infrastructure
on overall and intra-Africa trade, Kiel Institute for the World Economy, Economics
Discussion Papers, 2018-75.

MOSIKARI & SETSHEDI, TRANSPORTATION INFRASTRUCTURE & HIGH-TECH MANUFACTURED EXPORTS 15


