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Abstract
Considering 91 countries with seaports, this study conducted an empirical inquiry
into the broader economic contribution of seaborne trade, from a port infrastructure
quality and logistics performance perspective. Investment in quality improvement of
port infrastructure and its contribution to economy are often questioned by
politicians, investors and general public. A structural equation model (SEM) is
used to provide empirical evidence of significant economic impacts of port
infrastructure quality and logistics performance. Furthermore, analysis of a multigroup SEM is performed by dividing countries into developed and developing
economy groups. The results reveal that it is vital for developing countries to
continuously improve the quality of port infrastructure as it contributes to
better logistics performance, leading to higher seaborne trade, yielding higher
economic growth. However, this association weakens as the developing
countries become richer.
Keywords: international trade, economic growth, developing economies,
structural equation modeling, multi group analysis, neoclassical growth theory,
liner shipping connectivity

Introduction
Trade between nations has always made a significant contribution in terms of increasing wealth among the world population (Smith, 1776). Today, over 80% of all trade is
seaborne (Stopford, 2009; UNCTAD, 2015). World merchandise trade volumes have
grown at a modest rate of 2.3% in 2014 following the global gross domestic product
(GDP) growth rate of 2.5%, indicating a strong correlation between trade and GDP
(UNCTAD, 2015). The history of urban development also reveals that economic advancement is especially apparent in cities with seaports (Shan et al., 2014).
Globalisation of complex industrial production processes has increased the importance of seaports in the global supply chain. Port activity is no longer limited to just
cargo handling; logistics service provision in an international context has become a
core part of the business (Wang and Cullinane, 2006). In this situation, the most imperative aspects of logistics performance are logistics costs and reliability of supply
chains. Poor logistics facilitation takes a large toll on a country’s competitive advantage,
and insights in this respect were conferred by Arvis et al. (2007). In a world of just-in© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.
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time production processes, it is not only the time and cost of delivery of shipments that
matters, but also its reliability and predictability. A firm’s hedging costs due to poor reliability and predictability of logistics services can be significantly high in terms of
higher inventory maintenance requirements (Arvis et al., 2010). The trade-off between
direct freight costs and reliability varies depending on a country’s commodity trade and
logistics performance, which can limit the potential of developing countries to diversify
from time-insensitive commodities to value-added goods (Arvis et al., 2010). Despite
such significance, the impacts of port infrastructure quality and logistics performance
on a country’s trade and economy have been largely overlooked in the existing port
economics literature.
Economic impact studies in general are essential for justifying the economic
contribution of large infrastructure facility developments. “They are especially
controversial when used prospectively to justify public subsidy or extraordinary
planning permission” (Hall, 2004). Therefore, the aim of port impact studies is to
inform the general public about the economic contribution of ports. This aim
alone is not a small task, as ports facilitate socio-economic infrastructure and
generate external economies that are often not visible to the general public, but
consent is required whenever port facilities are established or expanded (Chang,
1978). Today, it remains undecided as to whether or not ports contribute to their
surrounding national or regional economies. Some researchers (e.g. Yochum &
Agarwal, 1987, Ferrari et al., 2010, Bottasso et al., 2013, 2014, Shan et al., 2014,
Chang, et al., 2014) have noted that ports stimulate the economic growth of a
country or region, whereas others (e.g. Kinsey, 1981, Gripaios & Gripaios, 1995,
Jung, 2011, Deng et al., 2013) have argued that ports do not play any key role
therein. The constant decline in the number of jobs at ports due to automation
and the containerisation of goods has extricated the direct economic contribution
of ports.
Meanwhile, many countries are planning to build up regional hub ports, following successful cases such as Singapore, Shenzhen, Hong Kong, Dubai, to name a
few and expecting additional growth of their economies in forms of new service
markets. This could be aided by developing transshipment facility and efficient
transport network. However, the port–city relationship has changed and the urban
structure of cities is no longer important for explaining the intensity and spatial
distribution of maritime transport networks (Ducruet et al., 2016). Slack and Gouvernal (2015) argued that the potential for economic development through hub
port development is more limited than suggested in most maritime literature. Due
to structural changes in the global shipping industry, neither a port’s throughput
projection nor its economic contribution performs with the degree of certainty expected by the planners (Hesse, 2006). Also, the demolition of the shipping conference system in 2008 and the global financial crisis in 2009 hit the shipping
industry adversely (Munim and Schramm, 2017). According to Grossmann (2008),
“economic growth has shifted to newer economic sectors which require investments into different locational factors, a high quality of life and an attractive, wellfunction city-core” (p. 2063). Hence, before investing millions of dollars in building
up or expanding port infrastructure, it is important to understand the extent to
which ports impact national or regional economy.
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Ng (2013) pointed out that, with present port research concentration on day-to-day
port operations (that is, port performance and competition, port management and governance, ports and supply chains), research on port-region relationships has decreased
considerably since the 1990s. In order to address the significance of port infrastructure
quality, logistics performance and seaborne trade, the present study investigates the following research questions (RQs): (1) Does the port infrastructure quality, logistics performance and seaborne trade of a country have any significant impact (positive or
negative) on the country’s economy? (2) Does the impact differ between developed and
developing economies? To answer RQ1, a structural equation model (SEM) is developed to analyse how port infrastructure and logistics performance of a country affects
seaborne trade, as well as the economy of a country. To answer RQ2, a multi-group
SEM is formed considering two groups: developed and developing economies.
Section 2 presents a comprehensive literature review of port economic impact
studies and the conceptual framework of this study. In Section 3, data and methodological issues are discussed, before the results of the empirical analysis are presented in Section 4. Section 5 discusses policy implication of the findings and
concludes with future research directions.

Literature and research framework
Although many studies have justified investment into transport facilities as a
stimulator of economic growth of a country or region, most of the economic impact studies concerning seaborne trade have focused on a particular seaport or a
region and a clear picture of how seaborne trade benefits the world economies remains elusive. In the context of the Port of Liverpool, Kinsey (1981) argued that
the impact of ports on the local economy was declining, with a decreased number
of jobs directly dependent on the port at that time. British ports were no longer
major employers and the industrial inter-related complexities no longer existed,
further reducing the impact of ports on the local economy (Gripaios and Gripaios,
1995). Two relatively recent studies, one in the context of South Korea (Jung,
2011) and another in the context of China (Deng et al., 2013), have also argued
that ports are having declining effects on economy. In particular, Jung (2011) identified that from 1990 to 2008, South Korea experienced 87.5% decrease in the direct port employment creation effect per billion Korean won. Despite no significant
impact of seaborne trade on economic growth, Deng et al. (2013) revealed significant positive association between regional economy and value added activity at
Chinese ports. The reasons for such association could be that Deng et al. (2013)
included total volume of imports and exports in the value-added activity construct,
which is actually part of the port demand (i.e. seaborne trade) construct.
The benefits of investing in transport infrastructure are not limited to travel-time saving (Banister and Berechman, 2001). Lakshmanan (2011) showed that improved freight
services lead to growing trade, followed by improved labor supply and technical diffusion. Some port impact studies in the context of the USA (Yochum and Agarwal,
1987), European countries (Bottasso et al., 2013; Bottasso et al., 2014; Ferrari et al.,
2010), China (Shan et al., 2014) and South Africa (Chang et al., 2014) have observed
significant impact of port activity on regional/national economies. Yochum and
Agarwal (1987) concluded that some firms located in Hampton, USA, would
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experience a severe economic penalty due to a shortage of ports. Bottasso et al. (2013)
analysed the impact of ports on local employment, using a sample of 560 regions located in 10 West European countries. They found that every million tons of net port
throughput would create about 400–600 jobs in the region. Furthermore, Bottasso et
al. (2014) found that every 10% increase in port throughput can generate a 6–20% increase in the GDP of the regions and can have a spillover effect on neighbouring regions in the range of 5–18%. In the context of China, Shan et al. (2014) found that 1%
increase in port cargo throughput can increase GDP per capita growth by 7.6%, and
the port throughput of a country has a positive impact on neighbouring economies.
Similarly, Chang et al. (2014) revealed that the South African economy could suffer a
17% loss due to a single unit shortage in port activity.
A summary of selected port impact studies since the 1980s is presented in Appendix A. Most of these studies employed either input–output analysis or regression analysis, and focused only on a particular port of a country or region. What
is lacking is that, none of those studies considered port infrastructure quality and
logistics performance but focused solely on port throughputs. Therefore, the
present study examines the wider economic benefits of port infrastructure quality,
logistics performance and seaborne trade through analysis of national-level data of
91 countries.

Conceptual framework

In this paper, the approach used to estimate economic impact of port infrastructure quality is based on the neo-classical economic perspective of transport infrastructures proposed by Lakshmanan (2011). We have assumed that investments
into port infrastructure are exogenous, which improve the quality of port infrastructure (QPI). Better QPI (such as modern technologies and equipment) would
help improve the logistics performance (LP) of a country (that is, greater reliability, less damage, ability to track and trace shipments, timeliness of delivery etc.).
Improved QPI and LP would increase the local and global accessibility of a country, including opportunities to expand markets worldwide. The realisation of those
opportunities can be expressed in the form of a country’s total international trade
(herein, seaborne trade). Gains from trade can be characterised by improved labor
supply, expanded production, diffusion of innovation, competitive pressures, economic restructuring, etc., leading to total factor productivity and GDP growth
(Lakshmanan, 2011). To sum up, Fig. 1 presents the conceptual framework of this
study.
First, we examine the effects of QPI on LP, seaborne trade (ST) and national
economy (NE) based on the conceptual framework in Fig. 1. We then look at the
effects of LP on ST and NE, and then the effect of ST on NE is examined. Finally,
the indirect (or mediated) effects of QPI on NE via LP, QPI on NE via ST, and
QPI on NE via LP and ST are investigated.

Hypothesis development

Competition among countries is an everlasting phenomenon. In the game of becoming better than each other and attaining competitive advantage, access to
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Fig. 1 Conceptual Framework

resources and new markets; governments around the world are making intensive
investments into different developmental projects. Such projects also include the
development of new ports or expansion of existing ones. Nowadays, the role of
ports is not limited to cargo handling but also includes the provision of better logistics services to meet the growing demands of global supply chains. “Logistics
performance refers to cost, time, and complexity in accomplishing import and export activities” (Hausman et al., 2013, p. 236). Advanced technologies facilitate better logistics performance through reengineering transport routes, scale, modes or
frequencies (Helling and Poister, 2000). Along with technology and service quality,
Song and Panayides (2008) highlighted the importance of value-added activities at
ports by means of diverse logistics services to attain competitive advantage. The
ability of a country to offer diverse logistics services is partly driven by the quality
of physical infrastructures such as road, rail, and ports (Subramanian and Arnold,
2001). Physical infrastructure is an important determinant of transport cost (i.e. a
component of logistics performance), particularly for landlocked countries (Limao
and Venables, 2001). Also, innovations in containerisation and intermodal transport
have been part of major changes in global logistics over the past 20 years (Memedovic et al., 2008). Thus, it can be hypothesised that:

H1 (a): The quality of port infrastructure has a positive effect on logistics
performance.
In the same vein, investments in physical infrastructure creates a better business
environment and improves transport efficiency, which facilitates export growth
(Portugal-Perez and Wilson, 2012). Yeo et al. (2008) found that quality of port service, logistics costs, regional connectivity, hinterland condition and port accessibility, contributes significantly to a port’s competitiveness. Similarly, Notteboom et al.
(1997) stated that a combination of infrastructure quality, hinterland accessibility
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and productivity plays a vital role in strengthening a port’s competitive position.
Gordon et al. (2005) added that a combination of port facilities, including sufficient
investment, supportive government policies, excellence in operation and information technology, can help a port attain sustainable competitiveness, which will produce higher seaborne trade compared to the less competitive ports. Thus, it can be
hypothesised that:
H1 (b): The quality of port infrastructure has a positive effect on seaborne trade.
Lakshmanan (2011) proposed that investment into transport facilities improves logistics ability and reduces freight costs. Wilmsmeier and Hoffmann (2008) estimated the
role of liner shipping connectivity (LSC) and port infrastructure in determining freight
rates in the Caribbean. They found that a one-standard-deviation increase in LSC implies an expected reduction of USD 287 in freight rate, and that a one-standarddeviation increase in port infrastructure for an importing country implies an expected
reduction of USD 225 in freight rate. Furthermore, Sánchez et al. (2003) found that
freight costs are lower in efficient ports after controlling for distance, liner service availability, type of product and insurance costs. Also, an increase in port efficiency from
the 25th to the 75th percentile is expected to reduce shipping costs by 12% (Clark et
al., 2004). Quality of infrastructure and transport costs are important for export-led
economic growth (Limao and Venables, 2001). Thus, it can be derived that efficient
ports have better quality infrastructure and logistics performance than inefficient ones.
Additionally, an efficient port system with enhanced logistic abilities is a key determinant of foreign direct investment into a country (Panayides et al., 2015). On the other
hand, inefficient ports reduce national and international trade and affect economic
growth adversely (Clark et al., 2004). Also, the role of ports in the internationalisation
process of business firms was highlighted by Ellis (2011). Thus, the following hypotheses could be derived from the above arguments:
H1 (c): The quality of port infrastructure has a positive effect on national economy.
H1 (d): The quality of port infrastructure has a positive effect on national economy
mediated through logistics performance.
H1 (e): The quality of port infrastructure has a positive effect on national economy
mediated through seaborne trade.
H1 (f ): The quality of port infrastructure has a positive effect on national economy
mediated through logistics performance and seaborne trade.
A country’s logistics performance plays a vital role in facilitating transportation of
goods to the international market. “Inefficient logistics services impede trade by imposing an extra cost in terms of time as well as money” (Korinek and Sourdin, 2011, p. 2).
Limao and Venables (2001) found a significant negative association between transport
cost and international trade. Long customs clearance time adversely affects firms’ total
factor productivity (Subramanian et al., 2005). Meanwhile, a better business environment comprising quality logistics services is associated with better export performance
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(Portugal-Perez and Wilson, 2012). Also, better accessibility of freight increases logistics employment (van den Heuvel et al., 2014). Overall, firms in countries with better
logistics performance have higher probability of exporting to international markets and
attracting foreign direct investments (Hausman et al., 2013). Thus, logistics development has a positive impact on regional economic growth (Chu, 2012; Lean et al., 2014;
Li et al., 2017; Lun et al., 2016). Coto-Millán et al. (2013) found that a 1% increase in
logistic performance index can increase the world economic growth by between 1.1–
3.4%. Therefore, we propose the following hypotheses:
H2 (a): Logistics performance has a positive effect on seaborne trade.
H2 (b): Logistics performance has a positive effect on national economy.
H2 (c): Logistics performance has a positive effect on national economy mediated
through seaborne trade.
Ports are the hub and node of networks for all kinds of waterborne transport
and link countries with rest of the world; thus, they promote transportation and
distribution in the cheapest way. Ports are more than just an infrastructure that facilitates international trade; they also determine freight transport costs and help
companies access international markets (Clark et al., 2004). Although the most visible economic contribution of ports was employment in the port, this has declined
dramatically since the inception of containerisation, although ports still contribute
significantly to the overall economy in rather less visible forms. In this present era
of globalisation, products are usually produced far away from consumer markets,
and raw materials for a single product are often sourced from several different
countries. Also, vertical specialisation has increased dramatically over the last two
decades; that is, different parts of the production function of a product are performed in different countries (Hummels et al., 2001). This would have not been
possible without the support of efficient maritime transport. Overall, the contribution of maritime transport nowadays is invisible to ordinary people, but spread
over different industries and institutions to such an extent that it can hardly be
measured accurately. Helling (1997) outlined how a dollar’s worth of water transportation is spread over 10 different but interrelated business categories. Sleeper
(2012) found that GDP is positively proportionate to the number of worldwide
recognised ports in a country. In an analysis of 120 port regions from 13 European
countries, Bottasso et al. (2014) revealed that ports increase the GDP of regions in
which they are located, and also influence neighbouring regions' GDP positively.
Park and Seo’s (2016) investigation of South Korean port regions found that the
container throughput of a port has a positive effect on regional economic growth.
Thus, we hypothesise that:
H3: Seaborne trade has a positive effect on national economy.

Data and methodology
Data regarding all observed variables of latent constructs of this empirical analysis
are collected on an annual basis per country from the World Bank database
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(data.worldbank.org). To capture the impact of port infrastructure quality and remove potential bias from small island economies with negligible economic activity
on a global scale, we have selected countries that have seaports with yearly container traffic of 200,000 twenty equivalent units (TEUs). In total, 91 countries were
considered for analysis (see Appendix C). Most of the previous impact studies discussed in Section 2 used a defined set of observed variables on empirical levels.
However, when it comes to multi-facet, hardly direct measurable issues like logistics performance and seaborne trade, the essence to develop latent constructs using
multiple observed indicators becomes relevant. Therefore, we designed a set of latent variables consisting of multiple observed indicators. This served as the motivation to select structural equation modelling (SEM) as the appropriate method of
analysis. According to Kline (2005), a sample size for complex SEM should be
more than 100. Accordingly, data have been pooled from three years (namely 2010,
2012 and 2014), generating 228 observations, except for observations with missing
values. Table 1 lists all the latent constructs with observed indicators along with
their codes.
The quality of port infrastructure (QPI) construct is formed with one observed variable,
named QPI, which covers business executives’ perception of their country’s port facilities.
Data are on a Likert scale from 1 to 7, where 1 represents the port infrastructure
considered extremely underdeveloped and 7 represents efficient by international
standards (see http://data.worldbank.org/indicator/IQ.WEF.PORT.XQ for details).
The logistics performance construct consists of six indicators as listed in Table 1.
Lun et al. (2016) used the same set of LP data as a proxy for trade facilitation.
The set of LP indicators is based on empirical survey data collected by the World
Bank on a regular basis. The LP Index measures logistics performance on the
country level through asking operators on the ground (global freight forwarders
and express carriers) to provide feedback on the logistics “friendliness” of the
countries in which they operate (see http://lpi.worldbank.org/ for further details).
Seaborne trade can be expressed by container or cargo throughput, as used by Deng
et al. (2013) and Shan et al. (2014). However, throughput alone cannot totally represent
the value and intensity of seaborne trade of a country. Therefore, a latent construct

Table 1 List of observed and latent variables
Latent Construct

Observed Indicators

Abbreviation

Quality of port
infrastructure (QPI)

Quality of port infrastructure

QPI

Logistics performance (LP)

Ability to track and trace consignments

LPIAT

Competence and quality of logistics services

LPICQ

Ease of arranging competitively priced shipments

LPIEA

Seaborne trade (ST)

National economy (NE)

Efficiency of customs clearance process

LPIEC

Frequency with which shipments reach
consignee within scheduled or expected time

LPIFS

Quality of trade and transport-related infrastructure

LPIQT

Container port traffic (‘000 TEUs)

CT

Liner shipping connectivity index

LSC

GDP per capita, PPP (Int. $)

PGDP

Munim and Schramm Journal of Shipping and Trade (2018) 3:1

Page 9 of 19

with country-level container throughput in TEUs and liner shipping connectivity index
is formed. The LSC index represents the connectivity of countries with each other in the
form of a global liner shipping network. The LSC index is based on five maritime transport
components (i.e. number of ships handled, their container-carrying capacity, maximum
vessel size, number of services, and number of companies that deploy container ships in a
country’s ports; see http://data.worldbank.org/indicator/IS.SHP.GCNW.XQ for details). A
correlation matrix of all the latent constructs is depicted in Appendix B.
The economics literature usually uses total GDP or GDP per capita to measure
economy at a country level. Therefore, we used per capita GDP, after controlling
for purchasing power parity, to form the national economy construct using a single
indicator. As data used for empirical analysis involve large numbers, it is log transformed, and their descriptive statistics are presented in Table 2.

Empirical analysis and findings
This section presents empirical analysis and findings with respect to the research
questions stated in Section 1. First, normality of latent variables has been checked
through the Shapiro-Wilk test and Q-Q plots of residuals of variables. As none of
the variables are normally distributed, the Satorra-Bentler rescaling method has
been employed for SEM estimation, as suggested by Rosseel (2012). Validity and
reliability statistics of the conceptual model (proposed in Section 2) are then performed. After validation and reliability check, the final SEM and multi-group SEM
are presented.

Validity and reliability

Standardised factor loadings, squared multiple correlations (SMC) and model fit indices are considered to be the key statistical criteria for an acceptable measurement model (Koufteros, 1999). Table 3 summarises the statistical criteria of the
measurement model. R2 represents the squared multiple correlations and all the
values are above the recommended level of 0.50 (Bollen, 1989; Lu et al., 2007). In
addition, all standardised factor loadings are above the recommended level of 0.70
and statistically significant. Furthermore, a good measurement model fit is
Table 2 Descriptive statistics of variables
Variables

N

Mean

S.D.

Min

Max

Skewness

Kurtosis

Shapiro-Wilk test

QPI

228

1.51

0.23

0.88

1.92

−0.39

−0.36

0.98**

LPIAT

228

1.15

0.18

0.71

1.44

−0.18

−0.82

0.97***

LPICQ

228

1.11

0.19

0.74

1.44

0.07

−1.11

0.96***

LPIEA

228

1.11

0.14

0.73

1.43

−0.22

−0.50

0.99*

LPIEC

228

1.05

0.21

0.62

1.44

0.04

−1.11

0.96***

LPIFS

228

1.27

0.15

0.88

1.51

−0.31

−0.90

0.96***

LPIQT

228

1.09

0.22

0.56

1.47

0.04

−1.06

0.96***

CT

228

14.63

1.50

11.52

19.02

0.32

−0.56

0.97***

LSC

228

3.28

0.88

1.25

5.11

−0.28

−0.66

0.98**

PGDP

228

9.7

1.00

6.80

11.85

−0.54

−0.38

0.96***

N number of observations, S.D. standard deviation
*p < 0.05, **p < 0.01, ***p < 0.001
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Table 3 Summary Results of Measurement Model
Latent
Construct

Observed
Indicators

Unstandardized factor
loadings

Standardized factor
loadings

Standard
error

ZR2 (item
value reliability)

QPI

QPI

0.23

1.00***

0.01

24.61 1.00

LP

ST

NE

LPIAT

0.17

0.93***

0.01

24.62 0.86

LPICQ

0.18

0.97***

0.01

29.75 0.94

LPIEA

0.12

0.85***

0.01

19.40 0.73

LPIEC

0.20

0.95***

0.01

27.93 0.90

LPIFS

0.13

0.87***

0.01

22.55 0.76

LPIQT

0.22

0.97***

0.01

29.42 0.95

CT

1.46

0.98***

0.07

20.28 0.95

LSC

0.78

0.88***

0.04

19.24 0.77

PGDP

0.99

1.00***

0.04

23.16 1.00

Model-fit: χ2 (31) = 81.93, CFI = 0.98, TLI = 0.97, RMSEA = 0.09, SRMR = 0.02
*p < 0.05, **p < 0.01, ***p < 0.001

indicated as the Tucker Lewis Index (TLI) and Comparative Fit Index (CFI) are
both well above the recommended level of 0.90.
In addition to the model fit indices and SMC, we also checked the reliability of the latent constructs. Reliability is referred to by the value of Cronbach’s Alpha. The Cronbach’s
Alpha (Cronbach, 1951) values of the constructs LP and ST are 0.97 and 0.86, respectively;
both values exceed the required level of 0.70 as suggested by Nunnally (1978). This also
confirms internal consistency of the latent constructs (Garver and Mentzer, 1999).
To test for convergent validity, we examined the statistical significance of the factor
loadings through their z-values (also stated as t-values, Dunn et al., 1994). As a rule of
thumb, acceptable estimates should have z-values higher than 2 or less than − 2 (Hair et
al., 2006; Koufteros, 1999). As depicted in Table 3, all z-values of indicators are higher than
2, which means that all indicators measure their respective latent construct, and confirm
the uni-dimensionality and convergent validity of each construct (Anderson and Gerbing,
1988). As all the R2 values are above 0.50, item reliability is also confirmed. To assess discriminant validity, a series of pairwise confirmatory factor analyses (CFA) were conducted.
In this process, a non-constrained CFA of one pair of constructs was compared with a
constrained CFA at a time to avoid the influence of construct pairs with significant values
over non-significant ones (Anderson and Gerbing, 1988). All the chi-square difference test
results were statistically significant (p < 0.001), providing evidence of the discriminant
validity of the constructs.

Structural equation model

As the measurement model and reliability tests have confirmed validity and reliability,
the structural equation model is proceeded. The parameter estimations, model fit indices, and the results of hypotheses proposed in Section 2.2 are presented and discussed.
The SEM, including estimated standardised factor loadings and regression coefficients, is presented Fig. 2, along with their respective paths. All 10 factors loadings are
above the recommended level of 0.70 and are statistically significant. The structural
model has a good fit with chi-square (χ2) of 73.78, and the ratio of χ2 and degrees of
freedom (that is, 73.78/30 = 2.46 < 3) is within the required level recommended by
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Fig. 2 Structural Equation Model.
*p < 0.05, **p < 0.01, ***p < 0.001;
Model –fit: χ2 (30) = 73.78, AGFI = 0.99, CFI = 0.98, TLI = 0.97, RMSEA = 0.08, SRMR = 0.02;
Note that the correlation curve between LPIEC and LPIQT represents correlation among their error terms

Bollen and Long (1993). The Adjusted Goodness of Fit Index (AGFI) is 0.99, meaning
the estimated model predicted 99% of the variances and co-variances in the observed
data. Moreover, other fit index measures, such as CFI (0.98) and TLI (0.97), are well
above the minimum requirements. Finally, the root mean-square error of approximation (RMSEA = 0.08), as well as the standardised root mean square residual (SRMR =
0.02), confirmed a good fit of the SEM.
After confirming the fitness of the proposed SEM, we estimated the hypothesised relationships between the latent constructs. The estimates of the hypothesised relationships and their significance are presented in Table 4. Before establishing mediation
relationship among the variables (that is in H1d, H1e, H1f and H2c), the direct association between independent and dependent variable as well as its association with the
mediation variable was confirmed (see Additional file 1.
Based on the statistical significance of the regression coefficients depicted in Table 4,
this study finds support for H1 (a), H1 (c), H1 (d), H2 (a) and H2 (b). The other hypotheses are not supported. Thus, quality of port infrastructure has a positive effect on
Table 4 Results of Structural Equation Modelling
Hypotheses

Regression paths

Std. Estimates

S.E.

C.R.

Remarks

H1 (a)

QPI → LP

0.66***

0.04

12.93

Supported

H1 (b)

QPI → ST

−0.10

0.40

−1.60

Not supported

H1 (c)

QPI → NE

0.17**

0.25

2.80

Supported

H1 (d)

QPI → LP → NE

0.45***

0.20

9.31

Supported

H1 (e)

QPI → ST → NE

0.01

0.04

1.06

Not supported

H1 (f)

QPI → LP → ST → NE

−0.04

0.10

−1.83

Not supported

H2 (a)

LP → ST

0.66***

0.65

8.99

Supported

H2 (b)

LP → NE

0.67***

0.38

10.53

Supported

H2 (c)

LP → ST → NE

−0.06

0.21

−1.81

Not supported

H3

ST → NE

− 0.09

0.03

− 1.95

Not supported

Std. Estimate standardized estimates, S.E. standard error, C.R. critical ratio
*p < 0.05, **p < 0.01, ***p < 0.001
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logistics performance and national economy. Logistics performance has a positive effect
on seaborne trade and national economy. The effects of quality of port infrastructure
and logistics performance on national economy were found to be significant. While the
mediation effect of port infrastructure quality on national economy via logistics performance is found significant, the mediation effect via seaborne trade was found to be
insignificant. Also, the mediation effect of logistics performance on national economy
through seaborne trade was found to be insignificant. To further investigate whether
the findings are similar for both developed and developing economies, a multi-group
SEM is formed and estimated in the next section.
Multi group analysis

A useful extension of the SEM is multi-group analysis, which allows for the investigation of model fit of a specific model for different groups. Some studies have
compared different groups in terms of inequality. Due to immense inequality of regional economic development, Chu (2012) and Li et al. (2017) compared the impact of logistics development on regional economic growth of China for coastal
provinces and inland provinces. Similarly, port infrastructure quality, logistics performance and seaborne trade may have varying impact on different economies of
the world. Therefore, the sample of 91 countries has been divided into two groups:
developed and developing economies. The World Bank classification of country
economics was used to group the countries. Based on World Bank classification,
countries with gross national income (GNI) per capita higher than 12,475 USD
were considered as developed economies (N = 103), while others with GNI per
capita below 12,475 USD were considered as developing economies (N = 125).
The goal of multi-group analysis is to compare the means or regression coefficients across groups, and this requires that measurement of variables used are
equivalent across groups. This is usually done by comparing models with equality
constraints on different parameters across groups with the configural model (that
is, a reasonable multi-group SEM without any invariance constraints). A comparison between this configural model and other models with different equality constraints is depicted in Table 5.
As the difference between the configural and equal factor loadings model is not statistically significant, metric invariance is established. Therefore, comparison of regression coefficients between the developed and developing economy group can be
conducted. Table 6 presents the regression coefficients of the multi-group SEM for developed and developing economies.
The multi-group SEM demonstrates good model fit as the ratio of χ2 and degrees of freedom is below three (that is, 132.33/68 = 1.95). All other fit indices,
such as CFI, TLI, AGFI, RMSEA and SRMR, are also within the recommended
Table 5 Comparison of model fit statistics for invariance test
Δχ2

Δdf

ΔCFI

ΔRMSEA

P value

–

–

–

–

–

MG Vs. MG2: Equal loadings

10.21

6

0.003

0.002

0.12

MG Vs. MG3: Equal intercepts

30.07

7

0.014

0.008

< 0.05

Model(s)
2

MG: Configural (χ = 182.38)

MG multi-group model, Δdf change in degrees of freedom, ΔCFI change in Comparative Fit Index, ΔRMSEA change in Root
Mean-Square Error of Approximation
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Table 6 Comparison of regression coefficients
Developed Economies

Developing Economies

Regression paths

Std. Estimates

C.R.

Std. Estimates

C.R

QPI → LP

0.52***

6.99

0.31***

4.08

QPI → ST

0.03

0.34

0.09

1.43

QPI → NE

0.29*

2.34

−0.10

− 1.14

QPI → LP → NE

0.14

1.86

0.04

1.05

QPI → ST → NE

−0.001

− 0.28

0.03

1.24

QPI → LP → ST → NE

− 0.01

−0.42

0.09*

2.35

LP → ST

0.51***

4.46

0.76***

8.15

LP → NE

0.28

1.89

0.14

1.20

LP → ST → NE

− 0.02

−0.42

0.28**

2.73

ST → NE

− 0.07

−0.58

0.37**

2.70

Std. Estimate standardized estimates, C.R. critical ratio
Model -fit: χ2 (68) = 132.33, AGFI = 0.99, CFI = 0.97, TLI = 0.96, RMSEA = 0.09, SRMR = 0.05
*p < 0.05, **p < 0.01, ***p < 0.001

level. The findings of the multi-group analysis are remarkable. Quality of port infrastructure has a positive effect on logistics performance in both developed and
developed economies, but the quality of port infrastructure affects national economy only in developed economies. However, the mediated effect of port infrastructure quality on national economy through logistics performance and seaborne trade
is significant in developing economies. Furthermore, logistics performance has a
positive effect on national economy for both developed and developing economies.

Discussion and conclusion
This study examined associations among quality of port infrastructure, logistics
performance and seaborne trade, and their effects on national economy. Overall,
the results show that improvement in quality of port infrastructure and logistics
performance would bring the greatest benefits to the economy of a country. The
study revealed that the quality of port infrastructure has a significant positive effect on national economy, which is similar to Ferrari et al. (2010), Bottasso et al.
(2014), Park and Seo (2016) and others, who observed positive effects of seaports
on the economy. Our findings are also similar to those of Deng et al. (2013) as
we found no association between seaborne trade (i.e. port demand) and national
economy.
However, quality of port infrastructure significantly affects the logistics performance of a country. Similar to Hausman et al. (2013), we also found that logistics
performance affects the seaborne trade of a country. Most of the studies that foresaw diminishing impact of seaports on economy emphasised employment generation within ports (Gripaios and Gripaios, 1995; Kinsey, 1981; Jung, 2011).
However, Helling and Poister (2000) mentioned that ports that retain direct portrelated employment lose their ability to compete for cargo, which leads to a lower
number of jobs in the long-run. Economic development is associated much more
with the long-term capability of a port to attract more customers while creating
and retaining employment and income (Helling, 1997). A dollar’s worth of maritime transportation requires inputs from at least 10 interrelated transport and
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logistics industries (Helling and Poister, 2000). Therefore, if the quality of port infrastructure is not improved continuously, it may have a substantial adverse impact
on the economy of a country.
Further, the extension to multi-group analysis reveals important findings, especially for
developing economies. Seaborne trade partially mediates the impact of port infrastructure
quality and logistics performance on economic growth in developing countries. PortugalPerez and Wilson (2012) found that the impact of transport efficiency (a component of logistics performance) on export performance decreases as the economy becomes richer.
Similarly, the present study found that logistics performance has a higher impact on seaborne trade in developing economies than developed ones. For developing economies, we
also found that quality of port infrastructure positively affects logistics performance; better
logistics performance yields higher seaborne trade, and higher seaborne trade yields economic growth. Therefore, policy makers in developing countries should consider investing
in quality improvement of port infrastructure and logistics performance, compared to larger
investments in the building of new physical infrastructures (Portugal-Perez and Wilson,
2012). Policy makers in developed countries should also consider maintaining high-quality
port infrastructure, as this has a positive effect on logistics performance and national economy. Korinek and Sourdin (2011) stated that “as developed nations shift from traditional
manufacturing and agriculture and are increasingly engaging in international vertical specialisation, the need for efficient logistics services becomes ever more important” (p. 2). As
of 1990, although smaller countries of the OECD database had a higher share of vertical
specialisation than the overall OECD share; the overall share increased by about 30% between 1970 and 1990 (Hummels et al., 2001).
However, the reasons for the lack of any significant association between seaborne trade
and national economy for developed economies could be: (1) the growth rates of GDP per
capita compared to seaborne trade of the developed countries is lower than that of developing countries in general, and (2) developed countries are service-based economies and the
role of seaborne trade is often one-way (imports), while developing countries tend to be
more industry-based and trade plays a two-way role (both imports and exports). Meanwhile,
attempts to stimulate economic growth by major developed economies – such as Brexit by
the United Kingdom, and the United States President Donald Trump’s approach towards
bringing back major industrial production facilities to the USA – could, if followed by other
developed nations, change the current association between seaborne trade and economy in
the future.
Overall, the findings of the study are consistent with the existing transport economics literature, which underlines the fundamental contributions of port infrastructure quality and logistics performance to the economic growth of a country. However, associations among the
quality of port infrastructure, logistics performance and seaborne trade, and their effects on
yearly growth of country economy, should be further examined using latent growth models.
It would be interesting for future studies to investigate the interaction effect between port
size and economy classification. Investigation of the comparative economic impact of hub
and gateway ports could also be considered. Studies should also examine the impact that
quality of port infrastructure and logistics performance has on the growth of neighbouring
landlocked countries’ economy. Finally, economic contribution of value added activities at
ports (e.g. through development of logistics parks) may also be investigated in future research
(Munim and Saeed, 2016).
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Appendix A

Table 7 Key studies from the last three decades
Author

Method (s)

Data

Finding(s)

Country

Kinsey
(1981)

Multiplier
Approach

Employment, wage and salary,
turnover, throughput etc.

Impact of Liverpool port on
local economy was declining.
Firms supplying to port was
only dependent for a very
small portion of their t
otal revenue.

Liverpool,
UK

Yochum
and
Agarwal
(1987)

Input-output Employment, tax, 39 industry
Analysis

At least some firms would
suffer severe economic
penalty in absence of port
facilities. 3999 primary
jobs were created from
industries located
in Hampton.

Port of
Hampton,
USA

Gripaios
and
Gripaios
(1995)

Input-output GDP, direct and indirect
Analysis
employment

Ports are not big employers
of labour and are no longer
the inter-related industrial
complexes that ports once were.

Plymouth,
UK

Ferrari
et al.
(2010)

Regression,
Employment, T
Tobit Model, hroughput,
LS Estimates Transport etc.

Positive impact observed.
The impact of port depends
on the sector being considered.

Italy

Jung
(2011)

Descriptive

Port throughput,
economic indicators

No strong effect on production
and value added inducement
coefficient over 1990–2008.
Port-city interface from
economic perspective has
been weakened during
1990s and 2000s in Korea.

South
Korea

Deng
et al.
(2013)

Structural
Equation
Modelling

Throughput, quay length, berths,
VAS, GDP, per capita GDP etc.

No significant positive effect
of port demand and supply
on regional economy. Value
added activity has positive
effect on regional economy.

China

Shan
et al.
(2014)

Regression
Analysis

GDP, GGDP, education,
FDI, road,
throughput etc.

Significant positive effect on
economic growth, consistent
with theoretical predictions.
Throughput of bigger ports
is more significantly associated
with local economy than
smaller ports.

China

Bottasso
et al.
(2014)

Spatial Panel GDP, area, population,
Econometric throughput,
Framework
motorways etc.

Ports tend to increase GDP
of region, where they are
located. Ports also have
large and positive spill-over
on GDP of nearby regions.

13 EU
Countries

Chang et
al. (2014)

Input-output 95 different
Analysis
products and services

Port activity is not dependent
on other industry while other
industries are more dependent
on port activity.

South
Africa

Park and
Seo
(2016)

Augmented Economic growth rate, cargo
Solow Model throughput, container throughput,
port investment etc.

Port activities positively affect
Korea
regional economic growth, while
port investment indirectly leads to
economic growth.
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Appendix B

Table 8 Correlation matrix of latent constructs
QPI

LP

ST

QPI

1.000

LP

0.674

1.000

ST

0.337

0.591

1.000

NE

0.578

0.731

0.359

NE

1.000

QPI quality of port infrastructure, LP logistics performance, ST seaborne trade, NE national economy

Appendix C

Table 9 List of countries
Algeria

Egypt, Arab Rep.

Latvia

Qatar

Angola

Finland

Lebanon

Romania

Argentina

France

Libya

Russian Federation

Australia

Georgia

Lithuania

Saudi Arabia

Bahamas

Germany

Malaysia

Senegal

Bahrain

Ghana

Malta

Singapore

Bangladesh

Greece

Mauritius

Slovenia

Belgium

Guatemala

Mexico

South Africa

Benin

Honduras

Morocco

Spain

Brazil

Hong Kong SAR

Mozambique

Sri Lanka

Cambodia

Iceland

Myanmar

Sweden

Cameroon

India

Netherlands

Tanzania

Canada

Indonesia

New Zealand

Thailand

Chile

Iran, Islamic Rep.

Nigeria

Tunisia

China

Ireland

Norway

Turkey

Colombia

Israel

Oman

Ukraine

Congo,Rep.

Italy

Pakistan

United Arab Emirates

Costa Rica

Jamaica

Panama

United Kingdom

Cote d’Ivoire

Japan

Papua New Guinea

United States

Cyprus

Jordan

Peru

Uruguay

Denmark

Kenya

Philippines

Venezuela, RB

Dominican Republic

Korea, Rep.

Poland

Vietnam

Ecuador

Kuwait

Portugal
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