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ABSTRACT

　While the ASEAN has pursued functioning regional connectivity, the master plan on 
ASEAN connectivity （MPAC） 2025 has addressed bottlenecks of cross-border trade routes 
and leveraged supply chain efficiency in human resource development. This paper intends 
to analyze the impact of infrastructure connectivity and human capital in the trade-growth 
nexus, over the period of 2006―2019. Based on Grossman and Helpman （1991 ; 1994）, the 
estimated results imply that the significant infrastructure of liner shipping connectivity bol-
sters economic development. Human capital is found mostly calibrating skill technology 
frontier for trade operation to mechanize economic growth in ASEAN countries. The find-
ings imply that infrastructure connectivity in variations of the logistics may be context-de-
pendent and enhanced by reliable skills in trade-led growth, while the leading time to the 
export process （delays constrained and less frequent connectivity） could impede economic 
growth. Empirically, ASEAN’s economic growth might depend on fundamental differences 
driven by varying types of trade and infrastructure connectivity endowments. Calibrated 
human capital in technology could play an important role in the leveraged transitional tech-
nology and soft-skills policy across the logistics industry could work in supply chain effi-
ciently. The synergy impacts of inter-modal connectivity may shape the trade-growth nex-
us sufficiently to integrate ASEAN economies into international markets.
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１．Introduction

　The Association of Southeast Asian Nations （ASEAN） is recorded as equivalent to 30％ 
of the world GDP （approximately trade-based 2.5 trillion USD） and 676 million of popula-
tion （ASEAN, 2024）. The region’s connectivity as a coherent element of the ASEAN Eco-
nomic Community （AEC） 2015 has contributed to the acceleration of trade performance 
and regional economic growth. As adopted at the 28th/29th ASEAN Summit 2016, the Mas-
ter Plan on ASEAN Connectivity （MPAC） 2025 aims to function seamlessly and compre-
hensively in the market base across connected and integrated ASEAN countries （ASEAN 
Secretariat, 2016）.
　Infrastructure connectivity is empirically affirmed as a fundamental of trade and econom-
ic development. Investing in infrastructure across the logistics industry affects not only the 
enhancement of physical connectivity but also the smooth trade of goods and services 
through supply chains’ facilitation and trade cost reduction （Yu, 2017 ; Munim and Sch-
ramm, 2018 ; Katrakylidis and Madas, 2019 ; Del Rosal and Moura, 2022）. The logistics im-
provement from maritime trade to landlocked economies is essential to regional infrastruc-
ture connectivity for trade efficiency, which subsequently affects economic growth. Saidi et 
al. （2018） and Wang et al. （2020） indicate that infrastructure connectivity has pivotal links 
to landlocked economies. These transport infrastructure’s potentiality may evolve spatially 
in diffusion effects （spreading technological changes in knowledge spillovers）, thus stimu-
late higher productivity in initial trade-led growth and market expansion in regional eco-
nomic integration.
　Lun and Hoffmann （2016） and Fugazza and Hoffmann （2017） stress that the trade ad-
vantage in ASEAN is actively driven by logistics connectivity. They reveal the potentiality 
of shipping connectivity and trade relativity （intra-and extra-trade flows） in promoting the 
region’s economic integration and international trade. Essentially, the current emerging ur-
banization and vibrant e-commerce have dramatically changed the demands of investments 
and flows of goods and services. These changes show a remarkable shift compared to the 
past patterns because only raw materials and natural resources are mainly shipped along 
developing countries for the maritime economy. Thus, ASEAN logistics competitiveness 
keeps its effective role in sustaining manufacturing, trade facilitation, and mobility of capital 
and labour, and helps trade creation to diversify economic activities. As fundamentals of 
infrastructure connectivity （MPAC 2025 ; UNESCAP, 2023 ; UNCTAD, 2024）, liner shipping 
connectivity may be firmly classified as geographical segments that incorporate technology 
to mechanize the infrastructure of the logistics industry （Jouili, 2019）, and this connectivity 
links the coastal with landlocked economies in facilitating prioritized trade routes to en-
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hance economic growth. Márquez-Ramos et al. （2011） indicate that the liner shipping con-
nectivity through logistics endowments induces trade connection of regional economies.
　Although previous studies in ASEAN have indicated essential determinants of liner ship-
ping connectivity （Brooks, 2016 ; Jouili, 2019）, their discussion of dominant seaports and 
connectivity components on international trade （applied container port traffic） has not in-
cluded all ASEAN members （Reza, 2015）. In addition, the literature that deals with spatial 
contexts, causality, and path （structural equation） analysis, have focused only on a single 
aspect of the infrastructure such as traditional transportation and energy （Maparu and 
Mazumder, 2017 ; Saidi et al., 2018）. These clue multiple aspects should be directed to the 
mechanism of infrastructure connectivity and human capital. Research questions of this 
study are : ⑴. Do variations in infrastructure connectivity and human capital across ASE-
AN countries affect their trade-growth performance ? and ⑵. How do institutions play im-
portant roles in shaping the trade-growth nexus in ASEAN ?
　With the improvement of trade facilitation, infrastructure connectivity is critically embod-
ied in the regional economy. ASEAN has still faced a low level of logistics development, 
while ASEAN’s integration and connection to market access are perpetually needed. Mean-
while, developing economies have low-emerged diffusion of infrastructure and lack of a 
mechanism in human resources for connectivity to boost the trade-growth nexus. To fill 
the multifaceted connectivity and inter-modal integration across ASEAN economies, this 
study examines the impact of infrastructure connectivity and human capital in the trade-
growth nexus in ASEAN countries. The study also explores how various aspects of con-
nectivity impact economic growth.
　The remainder of the paper is as follows : Section 2 provides the background of the 
ASEAN. Section 3 reviews previous studies. Section 4 delves into the model specification, 
data, and methodology. Section 5 discusses those empirical results and findings. Section 6 is 
conclusion with some policy implications.

２．The Background of ASEAN Connectivity

　The ASEAN community is currently undergoing regional development and production 
networks with huge demands in the investment of infrastructure connectivity. In the Asia-
Pacific region, the Global Infrastructure Hub （GIH） assesses that investment in connecting 
infrastructure will be more than double in ten years, an average of $2.5 trillion per year 
in 2020, and the accumulated total investment would be approximately $26 trillion by 2030 

（ADB, 2023）. Through developing infrastructure connectivity that helps to overcome spe-
cific bottlenecks and impediments in major trade routes and trade costs, the efficiency of 
the logistics industry works as an attached mechanism to ensure the speed in time to 
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trade and reliability of supply chains in the ASEAN economy. The frequent flow of goods 
and services at crossing borders and ports （land and sea, even linking to airfreight） are 
identified as key choke-points to trade and investment. While regional challenges remain in 
insufficient investment despite large needs in infrastructure connectivity and lack of human 
capital in workforce skills and trained experts mobility, the implementation of the regional 
transport in logistics and maritime interregional transport are priority issues for improving 
these connectivity networks （Vineles, 2017）. Integrated inter-modal transportation will be 
an inclusive transport in the logistics service systems to promote trade efficiency and sus-
tainable transport development in the Asia-Pacific region （UNESCAP, 2023）. In driving re-
gional economic growth and aggregate demand in trade, infrastructure connectivity is a 
cornerstone of economic integrations to shape the potential interlinks of production net-
works and regional markets. With experience in East Asia, relevant infrastructure connec-
tivity and trade are intricately intertwined （UNESCAP, 2014）.
　Developing economies in Asia have handled 56％ （equivalent to 1, 305 million dwt

1）
） of 

world port container traffic geographically （36％ in Europe）, and their highest liner ship-
ping connectivity contributes to the regional economy （UNCTAD, 2024）. Half of the world’s 
seaborne trade passes through the ASEAN region, while nearly 80％ of global trade by 
volume is carried by seaports and 60％ of seaborne trade is loaded by developing coun-
tries. Almost 20 out of the 30 best-connected ports are located in the Asian region. The 
eight best-connected ports are ranked from Eastern to Southeast Asia, while the two best 
ports are in Europe, and the one best port is in Africa （World Bank, 2024）. With emerging 
trade and economic growth in ASEAN, strengthening physical connectivity is an interac-
tive effort to integrate economic connections and regional development. Infrastructure con-
nectivity and its mechanism are important drivers for economic growth and shaping trade 
patterns with economic interactions across the Southeast Asia and Asia-Pacific regions. 
Based on the ASEAN master connectivity, the regional economy is comprehensively con-
nected and seamlessly integrated by the logistics industry, both seaborne and dry-port de-
velopment, to enhance trade more efficiently. However, the economic development related 
to the linked logistics system among ASEAN countries is heterogeneous and different in 
each country’s type of trade-led growth and specific endowments. Figure 1 shows that lin-
er shipping connectivity has different performances and reflects different levels of trade 
openness in ASEAN countries. Based on the connectivity index provided by UNCTAD, the 
highest mean rate over the 5 indexes is found in Singapore and Malaysia （ASEAN, 2023）, 
where their maritime potentialities are geographically pursued to international market hubs 
in prioritized trade routes and transactional shipments. On the other hand, lower mean 
rates than the 5 indexes are found in developing and landlocked countries like Lao PDR, 
Cambodia, and Myanmar. Especially for Lao PDR, the liner shipping networks of connectiv-
ity are at the early stage of development. Infrastructure connectivity endowments in the 
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logistics industry and relativity are mainly aligned with the path-dependent process of eco-
nomic performance and trade operations in special economic zones at large, even partici-
pating in trade compliance as a member of the World Trade Organization （WTO） in 2011. 
The path-development progress in liner shipping networks of infrastructure connectivity 
and multi-modal transport seemingly plays an initial role in the Lao PDR’s logistics indus-
try to integrate regional trade and economic activities. The national policy which masters 
infrastructure connectivity is solely interpreted as that of land-linked economy throughout 
the logistics industry under the ASEAN connectivity.
　The endowments of regional logistics industry is relatively sufficient with the complex 
maritime trade and international market networks, in Singapore （one of the best hubs in 
the world, the 1st ranked with 4.3 LPI

2）
 score in 2023） and Malaysia, even other ASEAN 

countries are quite low-ranked in logistics performance. Meanwhile, the logistics industry 
has a huge gap in infrastructure connectivity and trade efficiency in ASEAN countries, 
which depends on different human capital and persistent trade compliance. The logistics 
policy has not been effective in adequately enhancing connectivity to serve regional flows, 
workforce mobility, investments, and border-trade facilitations, especially supply chain ca-
pacity and efficiency integrating dry-ports to seaborne-based trade from landlocked econo-
mies across the region and sub-region.

３．Literature review

３.１.　Trade and Economic Growth
　The previous literature widely suggests the crucial role of trade effects in economic 
growth. Lucas （1988） theoretically verifies that the level of trade efficiency could shift the 

（　　）

Figure 1 :  Trends of connectivity index and trade share in GDP across 
ASEAN （2006―2019）, the summary is based on the UNCTAD 
data sources in 2024.
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upward production frontier and stresses that removing the inefficiency of trade barriers is 
important to help centrally planned economies to grow fast like market economies. The 
crucial path-dependent process of knowledge accumulation partially infers trade efficiency 
through the mechanical ability of human capital in the economic growth stimulus. The pos-
sibility that international trade influences economic growth in technological change depends 
on the economic level and returns to scale. Rivera-Batiz et al. （1991） clarify that the gains 
from trade among countries are based on comparative advantage of factor endowments 
and of increasing returns international-trade. While trade restrictions and distortions still 
have ambiguous impacts on the magnitude and directions of economic growth, high level 
of trade could induce large volumes of different resources and factor movements across 
borders and sectors and bring higher growth effects. Endogenous growth theories state 
that income and substitution effects may lead to the demand curve sloping up and down 
in association with trade influences and price changes which depends on the imposed de-
mand elasticities. The inefficiency of trade has been alleviated by the reduction in tariff 
barriers and bottlenecks, thus increased trade could raise the social welfare of the whole 
economy. International activities by economic openness are substantially increased and en-
hanced with these high levels of trade performance driven by import and export propor-
tions （Krugman, 1994）.
　However, endogenous growth theories （Chang et al., 2009 ; Fatima et al., 2020 ; Oikawa, 
2023）, do not consider economic interactions and connections （trade and flow factors cross-
borders） among countries in the current integrating sphere of openness （Weil, 2016）. 
While countries with lower incomes are assumed to have faster growth in their certain 
economic progress and technological change, their trade-growth nexus may differ by coun-
try due to the heterogeneous and specific fundamentals of factor endowments （Mahmud 
and Ishnazorov, 2017）. On the other hand, sporadic impediments in the trade costs and the 
time to trade due to the low logistics performance and inefficient processes result in a lack 
of multi-modal transport links through supply chain connectivity （Márquez-Ramos et al., 
2011）. Technological progress in the process of economic integrations are complex trajecto-
ries imposed on trade openness. Although they argue that multifaceted connectivity （inter-
modal integration） and human capital （ergonomic factors） may play a key role in economic 
connections, these aspects have been less attention in the previous empirical studies.
　As the mechanics of economic development, trade effects are enhanced by the degree of 
stock accumulation of human capital through technological change. Grossman and Helpman 

（1991 ; 1994） and Guarini （2011） confirm that when global markets are linked economically, 
the trade influence arises among countries with exchanges of factors of production （accu-
mulated stock in physical and human capital）. Those various trade forms and economic in-
teractions are intertwined to conform to operating openness （Weil, 2016）. Countries with 
trade openness could diversify production factors and movements with flows of technology 
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24 The Ritsumeikan Economic Review（Vol. 74　No. 1）

24



立命館経済学74巻１号　四校　A

and knowledge spillovers. Consequently, the degree of integration reflects the influence of 
economic growth.
　While trade enhances more productive capacity, leads to economic growth and countries’ 
welfare, empirical evidence indicates that trade itself has remained deficient in spurring the 
economy. Several impediments such as inefficiency and insufficiency across boundaries may 
exist in the mechanism associated with the path-dependent process of human capital 

（Krugman et al., 2012）. The effectiveness boosted by human resource development and 
spillover effects could prepare conditions for trade-led growth. Interacting economies across 
borders could array driving forces and core endowments in the trade-growth stimulus and 
accelerate dynamic conditions in trade openness in developing countries. The aforemen-
tioned human capital would be the core element asserted in economic growth theory （Lu-
cas, 1988 and Romer, 1989） and investment in human capital would be a crucial determi-
nant of economic growth and convergence in allocating sufficient resources （Bayraktar-
Sağlam and Yetkiner, 2014）. Moreover, the function of human resources is partially 
relevant to accelerate and stimulate the trade-growth nexus. The most influential produc-
tion factors linked to trade patterns and economic integrations are implicitly related to the 
path-dependent process of knowledge accumulation in human capital toward economic inte-
gration and connectivity. In order to solve issues of trade distortions and disruptions, ergo-
nomic elements by calibrating human capital and technological skills should be considered 
as factor endowments pieced together in the trade-economic growth nexus.

３.２.　Infrastructure Connectivity and Economic Growth
　Previous studies treat the infrastructure in the traditional aspect of economic growth as 
public capital （Foster and Gorgulu, 2022）. As capital expenditure, infrastructure capital 
plays an effective role in productivity and accessibility across developing countries. In-
creased productivity by implementing infrastructure is reaffirmed as an essential element 
in the production process to encourage countries with their public investment to initially 
boost economic growth （Jesús et al., 2000）. Improvements in core infrastructure might in-
crease production capacity throughout capital stock, boosting productivity in the short-run 
and long-term economic growth. Using the data across 40 countries from 1992 to 2010, Ag-
belie （2014） confirms that transport infrastructure expenditure could lead to higher pro-
ductivity and allow countries to utilize their potential for comparative advantages through 
reductions of trade distortions, transportation cost, and time to trade, and benefits to access 
markets and raw materials. Based on the structural equation model with panel data from 
1986 to 2011, Jiang et al. （2017） stress that multi-modal infrastructure investment has com-
prehensive impacts on economic development, and an adequate investment in infrastruc-
ture which reflects the transportation supply as regional adjacent in China has spatial spill-
over effects and social benefits. As strong evidence across 31 provinces in China （1998―

（　　）
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2007）, Hong and Wang （2011） confirm that multi-dimensions of transport infrastructure 
have essential links to affect regional economic growth and contribute to economic develop-
ment more efficiently in the regions with poor infrastructure and low productivity in China.
　Empirically, the previous studies have pursued the relationship between transport infra-
structure and economic growth to shape development policies （Holmgren and Merkel, 2017 ; 
Maparu and Mazumder, 2017 ; Saidi et al., 2018 ; Kalan and Gokasar, 2020）. Infrastructures 
are the most important and crucial factors for driving economic growth by improving sup-
ply chains of trade facilitations and clusters at the national and regional levels （Yu et al., 
2012 ; Wang et al., 2020 ; Alotaibi et al., 2022）. The logistics industry development accompa-
nies the significant contributions of these factors to economic growth and trade perfor-
mance. Infrastructure investment is a fundamental part of economic policy at the national 
and regional levels that links infrastructure with trade to affect economic growth in the 
long run. Traditionally, contributions of transport infrastructure systems are wildly spread 
by facilitating strong regional connectivity, and increasing trade openness through trans-
port nodes’ efforts. Efficient supply chains could accelerate economic development and at-
tract foreign direct investment. The linkages of infrastructure with economic growth are 
critical factors in discussing the policy implications of sustainable development. Other as-
pects of infrastructure that affect economic growth are transportation costs, time to trade, 
market accessibility, and externalities. Saidi et al. （2018） investigate the long-run relation-
ship between transport infrastructure and economic growth in MENA countries. Their 
study finds that transport infrastructure positively contributes to economic growth across 
regions with a boost from transport energy consumption. As feedback effects of bidirec-
tional relationships, empirical results lead to a new dimension for investing in modern infra-
structure, which pursues energy efficiency and alternative technologies that minimize nega-
tive impacts. From an eminent perspective from the meta-analysis between infrastructure 
and economic growth, Holmgren and Merkel （2017） reveal that the production elasticity of 
infrastructure differs by type of investment and industry. Investment in infrastructure is a 
vital part of economic policy at the regional and national levels to accelerate economic 
growth. Additionally, Calatayud and Palacin （2017） imply that the degree of connectivity 
metrics in the American region is influenced by the implementation of infrastructure and 
multi-modal transport. Connectivity in economic activities could provide more comprehen-
sive guidance for the policy improvement of connectivity in countries that face internation-
al markets and networking of movements. As the Asia-Pacific connectivity （Shepherd et 
al., 2011）, improving the performance of the multi-modal transport connectivity could bring 
more gains from trade openness where countries are highly integrated into world markets 
and strongly connected in logistics services performance toward the regional economy.
　Previous studies on infrastructure connectivity investigate the dynamic effects on eco-
nomic growth. Using dynamic model for 87 countries’ data from 1992 to 2017 （Timilsina et 
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al., 2024）, the increase in physical infrastructure has larger long-run effects on the GDP in 
developing economies, while less effects in industrialized countries. Based on GMM analysis 
in developing countries （Sapkota, 2014）, the empirical evidence shows that accessing to 
traditional aspects of infrastructure such as electricity, drinking water, and transport road 
density contribute to income and social welfare. This finding could support validity of ac-
cess to infrastructure services （transport and energy） to pursue sustainable development 
goals. In China, Li and Qi （2016） test causality between transport connectivity and regional 
development from 2002―2014. The result confirms the positive impacts of transport logistics 
connectivity on economic growth. While transport connectivity strengthens the backbone of 
functional infrastructure and the logistics-based economy, internet users are a crucial key 
for information connectivity to play a role in economic growth stimulus. Investment in in-
formation connectivity is a key element in economic growth with different impacts among 
regions in China. In Pakistan, Mohmand et al. （2016） examine the impact of transportation 
infrastructure on economic growth, applying the Granger causality model with panel data 

（1982―2010）. In the short run, there is no causality between transportation and economic 
growth at the national level, but unidirectional causality from economic growth to infra-
structure investment exists in the long run. Bidirectional causality among provinces and 
unidirectional effects exist in underdeveloped provinces, and an additional analysis further 
considers the causes of human capital and resource endowments. In the Kingdom of Saudi 
Arabia, Alotaibi et al. （2022） examine the impact of transport investment and railway ac-
cessibility on regional economic growth with a panel model from 1999 to 2018. The findings 
indicate that transport infrastructure investments could reduce travel costs and time to 
trade due to improved accessibility and connectivity. Furthermore, they reveal that trans-
port investment and railway accessibility have a positive impact on regional economic 
growth. Thus, the investment in transport infrastructure is confirmed as an effective factor 
in boosting economic growth. Using data from 46 developing economies, Saidi et al. （2020） 
indicate that causality effects between transport infrastructure and economic growth are 
statistically significant with different levels. Influences from transport logistics infrastructure 
could contribute to FDI attractiveness and sustainable economic development. Meanwhile, 
Maparu and Mazumder （2017） also reveal empirical evidence of the direct causality in the 
long run driving from the transport infrastructure to economic development and urbaniza-
tion across regions in India （1990―2011）.
　Regarding ICT connectivity, Arvin et al. （2021） assess the importance of interlinked ICT 
connectivity penetration, trade openness, and foreign direct investment on economic growth 
in G-20 countries （1961―2019）. ICT connectivity penetration, trade openness, and FDI have 
significant impacts on long-run economic growth. Economic growth, FDI, and trade open-
ness affect mobile phone connectivity and penetration to internet connectivity in the long 
run. Similarly, Datta and Agarwal （2004） investigate the dynamic effects of telecommunica-
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tion infrastructure on economic growth in OECD countries during 1980―1992. The findings 
show a strong positive relationship between telecommunication infrastructure and economic 
growth. Higher level of openness supports higher growth substantially. Telecommunication 
has more impact in countries with small infrastructure endowments but less significant im-
pact in countries with more developed infrastructure industries. Theoretically, Van Zon and 
Mupela （2016） have confirmed the positive relationship between connectivity and economic 
growth with the reduction in the costs of transportation and communication.
　Infrastructure connectivity is currently relevant to the path dependence of economic in-
teractions and regional integrations in the trade-growth stimulus. Infrastructure connectivi-
ty arrays a wide range from traditional transport infrastructure to inter-modal integration 
in maritime linked the logistics industry geographically （Shepherd et al., 2011）. Infrastruc-
ture connectivity in the logistics industry may also play a key role in externalities of trade 
performance to accelerate economic growth. Critically, previous studies aligned with a sin-
gle aspect of traditional infrastructure have not included integral mechanics in economic 
development. These empirical studies are solely engaged in trade diversification by infra-
structure investment in transport and logistics, which are associated with spatial effects 
and causality in developing countries （Saidi et al., 2018 ; 2020 ; Alotaibi et. al., 2022）. Howev-
er, human capital in trade relativity could play a mechanical role in economic growth. 
Among ASEAN countries, the logistics industry under infrastructure connectivity endow-
ments and level of human capital remain critical challenges within trade patterns, logistics 
operations, and economic development. Hence, discussion on benefits from infrastructure 
connectivity should be more attention to inter-modal transports and logistics endowments. 
These benefits could stimulate trade-growth performance in the openness sphere （Netirith 
and Ji, 2022）. As technological progress, incorporated infrastructure connectivity and cali-
brated human capital may lead to high production frontier to leverage trade capacities of 
nations, thereby influencing economic growth.

４．Methodology : Model, Estimation Technique and Data

　This section discusses model specifications for the analysis and data sources.

４.１.　Model Specification
　This study investigates the impact of infrastructure connectivity and human capital in 
the trade-growth nexus in ASEAN countries. The traditional production function model 
treats extending trade and infrastructure connectivity are incorporated as fundamental fac-
tors of technological progress that influence the economic growth. Following the endoge-
nous growth theory proposed by Mankiw et al. （1992）, the augmenting human capital in 
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the Solow Growth model at time t is specified as follows :

Yt＝AtKt
αHt

Â（Lt）1－α－γ ⑴　　

　Where Yt represents output at time t, Kt is the physical capital at time t, Ht is human 
capital, while At is level of technology, and Lt is labor force at time t. The parameters α 
and γ denote elasticity of physical and human capital respectively, assuming Kt, Ht, and Lt 
to be constant returns to scale.
　Based on the framework of Grossman and Helpman （1991 ; 1994）, model ⑴ is extended 
to incorporate the effects of trade （TRDt） and infrastructure connectivity （INFt） on the 
initial pattern of technology level （technology progress）. The initial condition in exogenous 
technological trajectory crucially plays augmented factors of productivity （based on total 
factor productivity-TFP） represented as :

At＝A0egt.TRDt
Ê1.INFt

Ê2 ⑵　　

　Whereas A0 represents initial level of technology and egt.TRDt
Ê1.INFt

Ê2 are growth fac-
tors of TFP which consist of trade and infrastructure connectivity, according to the as-
sumption of a cutting-edge approach to knowledge accumulation. Based on Mankiw et al. 

（1992）, the A0 may reflect the general purpose of technology imposed in trajectories （Rich-
ard et al., 2005） and the difference of cutting-edge technology （Weil, 2016） influenced by 
fundamentals such as resource endowments, geography, demography, and institutions, i.e., 
that lead to differences across countries.
　For empirical investigation, the next step consists of transforming the production func-
tion into a log-linear form and expressing it in per-capita terms （divided by labor force）. 
In replacing At, Kt, and Ht by their respective values above, let’s define per-capita terms 
as follows :

❖　yt＝ Yt

Lt
（Output per capita）

❖　kt＝Kt

Lt
（Physical capital per capita）

❖　ht＝ Ht

Lt
（Human capital per capita）

　From Eq. ⑴ , then the production function in terms of per-capital form is as :

yt＝Atkt
Àht

Â ⑶　　

　Taking the natural logarithm transformation of both sides of Eq. ⑶ lead to Eq. ⑷ :

ln（yt）＝ln（At）＋αln（kt）＋γ（ht） ⑷　　

（　　）
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　Similarly, Eq. ⑵ is transformed to the natural logarithm form of technology progress as 
Eq. ⑸ :

ln（At）＝ln（A0）＋（ gt＋λ1lnTRDt＋λ2lnINFt） ⑸　　

　Insert Eq. ⑸ in to Eq. ⑷ to get Eq. ⑹ as follows :

ln（yit）＝αln（kit）＋γ（hit）＋ln（A0）＋（ gt＋λ1lnTRDit＋λ2lnINFit）＋εit ⑹　　

　Output elasticity of technology may reflect the combined effects of the initial pattern of 
technology level （A0）. Technology growth rate （g） may have the influence of （TRDit） 
trade and infrastructure connectivity （INFi,t）. εi,t is the idiosyncratic error term in the 
model.
　Based on endogenous growth theory （Romer, 1990 ; MRW, 1992）, the Eq. ⑹ involves 
ln（A0）, the initial level of technology which is inherently difficult to measure especially in 
developing countries. Also, the term g （labor augmenting）, which represents the exogenous 
growth rate of technology, is a theoretical concept that is not easy to measure. Because of 
these practical challenges of measurement and data availability for both critical variables, 
the initial level of technology and exogenous growth rate is absorbed into the fixed effects 
term （μi）, which shows the country-specific effect for unobservable time-invariant （hetero-
geneity） and includes relevant control variables. For empirical purpose, control variables 
are added into Eq. ⑹. Thus, Eq. ⑹ is rewritten concisely as :

ln（yit）＝β0＋αln（kit）＋γ（hit）＋λ1ln（INFit）＋λ2ln（TRDit）＋δln（Xi,t）＋μi＋εit  

 ⑺　　

　Where δ is output elasticity of the control variable （Xit） for country i at time t, the 
control variables consist of foreign direct investment （FDI）, logistics infrastructure endow-
ments, time to trade, and institutional factors across ASEAN countries. μi represents the 
fixed effects, capturing unobserved factors and time-invariant characteristics specified to 
each country that affect economic growth （dependent variable）.
　Therefore, the fixed effects model is applied in equation ⑺ to examine relationships 
among key variables. In other words, the growth path assumption may lead to find the 
productivity growth rate driven by sufficient incorporation of potential factors （domain fac-
tor shares）. In another words, the endogenous growth model is driven by the mechanism 
employed in the level of technology （the initial pattern of technological progress）, which 
leads to higher economic growth in the long-run economy. Considering the unobserved het-
erogeneity in the trade-growth performance in ASEAN, the model specification of this 
study follows analytical techniques of the previous studies （Chang et al., 2009 ; Santos and 
Barrios, 2011 ; Mahmud and Ishnazorov, 2017 ; Fatima et al., 2020 ; Oikawa, 2023）.

（　　）
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４.２.　Data
　The data is taken from a variety of sources in ASEAN countries from 2006 to 2019. The 
dependent variable, GDP per capita （PPP constant-2021 USD）, is a proxy of output （yit）. 

（kit） represents capital stock per labour force （Lit） （age from 15 to 64）.
　As augmented Solow Growth, human capital （hit） is generally measured by average 
years of schooling based on the Barro and Lee （Barro and Lee, 2013 ; Lee and Lee, 2016）. 
In general, human capital involves educational attainment, experience, and skill training to 
comprehend a productive sector and social benefits over time （Romer, 1989 ; 2012）. Knowl-
edge capital is more linked to research and development intensively, in which human capi-
tal is allocated to define its mechanism in the technology progress in the endogenous 
growth model. Therefore, the study solely applies the composition of human capital cali-
brated by the human development index （UNDP） and skill technology frontier index 

（UNCTAD）. This extended human capital may match the study’s analysis for consorting 
trade openness and regional economic integration.
　TRDit is percentage share of trade to GDP. Trade is measured by the sum of exports 
and imports of goods and services as a proxy of trade openness. While there is no exclu-
sively measured trade in principle, even some distortions in data, the trade share in GDP, 
in which the ratio of trade （exports plus imports） to GDP is relevant to effective changes 
in growth investigations. Thus, the study follows previous studies （Chang et al., 2009 ; Fati-
ma et al., 2020）. Importantly, the productivity growth where trade activity keeps the pri-
mary role in the technology form allows countries to stimulate their progressive economy. 
Whenever comparative advantage and specialization existed in the openness, more goods 
and services are productively produced and sold in domestic markets and to other coun-
tries with beneficial returns from economic interactions and connections.
　INFit is infrastructure connectivity in the form of liner shipping connectivity index 

（LSCI） applied by the United Nations Conference on Trade and Development （UNCTAD） 
in maritime transport based on six components, （number of ships, container-carrying capac-
ity, max-vessel size, number of services, number of pairs with direct connection, and com-
panies deploying shipments in ports）. LSCI is used as a proxy of infrastructure connectivi-
ty. As the MPAC 2025 synergizes, connectivity relies on infrastructure and logistics 
industry captured by multi-modal transportation, logistic systems, freight traffic, and densi-
ty of road/rail length （Datta et al., 2004 ; Hong et al., 2011 ; OECD, 2016 ; 2017 ; Saidi et al., 
2018 ; 2020 ; Chen et al., 2019 ; Arvin et al., 2021 ; Alotaibi et al., 2022）. Meanwhile, LSCI rep-
resents how countries are well connected to global shipping networks and integration into 
global supply chains. The accessibility to world markets is related to the effectiveness of 
multi-modal transport connectivity. Where shipping, cargo, freight networks for traded 
goods, and regulatory environments are in place, the quality and accessibility of port infra-
structure are linked to logistics performance like the backbone （inter-modal） of internation-

（　　）

31Impact of Infrastructure Connectivity and Human Capital 
in the Trade-Growth Nexus in ASEAN Countries  （LINSOMPHOU・MASWANA・INABA）

31



立命館経済学74巻１号　四校　A

al trade and the driving engine of the national economy and regional trade-growth perfor-
mance.
　The control variables : FDIit is stock of foreign direct investment, percentage share to 
GDP. As huge capital flows from international trade, FDI is empirically confirmed as a po-
tential source of technology transfer to influence economic growth and a long-term source 
of financial development in developing countries. FDI has attracted more emerging coun-
tries with the enlargement of manufacturing sectors to stimulate trade and economic 
growth. Hence, the manufacturing FDI strongly drives forward and backward linkages in 
industrial processes to higher return to capital, human capital, knowledge transfers in tech-
nology, and positive externalities. Based on endogenous growth （Emako et al., 2022 ; Ato-
batele, 2023）, FDI reflects the crucial part of investment, macro stability, and economic 
openness in developing countries. The studies provide partially synergized connectivity 
from logistics infrastructure endowments （international sea cargo, international sea contain-
er, and rail length）. Their measurements rely on the ASEAN-based data in million tons 
throughput of TEUs and in kilometres, respectively. Additionally, relevant indicators of pre-
vailing connectivity are the time to trade （export and import）, which represents that the 
shorter time to trade perhaps means a higher degree of connectedness in economic inter-
actions across the border economy （UNCTAD）. The time to export is measured by the 
leading time in number of days associated with exporting a cargo of goods in sea transport 
within 4 predefined stages （document preparation, customs clearance-inspections, inland 
transport-handling, and port-terminal handling）. The time estimation for each stage starts 
from the initial moment and runs until the process is completed, while the export process-
ing zone allows the authorized firms to apply the fast-track procedures under the economic 
operation programs. It is assumed that both exporters and importers are committed in 
completing and the processes have not wasted time, leading to no delays. Each stage has 
required a 1-day minimum.
　Measures of performing infrastructure and transport can not capture the inter-modal and 
multi-modal connectivity as input factors in the trade-growth nexus. Therefore, this study 
aims to consider different series of the data for infrastructure connectivity from the per-
spective of liner shipping connectivity based on the UNCTAD and the MPAC 2025, which 
extends the incorporated functions in infrastructure connectivity networks and logistics en-
dowments. Essentially, trade-led growth is mechanized by the augmented human capital 
calibrating skill technology frontier, embracing the operations in the logistics industry.
　The annual data of variables are collected from the World Bank （WDI） and the Penn 
World Tables （PWT）, the UNDP and the UNCTAD. The sample period is from 2006 to 
2019 for ASEAN countries. Table 1 shows data descriptions and their sources.

（　　）
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４.３.　Descriptive Statistics
　Table 2 indicates the descriptive analysis. The total sample size is N＝140 （number of 
countries n＝10 and time period T＝14）. There are some missing data in infrastructure 
connectivity （INFit）, logistics endowments, and time to trade （export and import）. Espe-
cially, the Lao PDR has a lack of data on connectivity because infrastructure connectivity 
is at the early stage of development based on the first special economic zone （SEZ） estab-
lished in 2003 for supporting the trade networks in East-West Economic and North-South 
Economic Corridors in the Greater Mekong Subregion （GMS）. While the logistics industry 
in Lao PDR was established, the Lao PDR-China railway was officially launched in 2021 to 
connect the liner shipment across borders with ASEAN countries. Additionally, the rail 
length data is also not available for Brunei Darussalam. Thus, the available data of connec-
tivity for analysis is 126 samples. GDP （yit） and capital （kit） are in per capita terms in the 
economic growth theory based on Mankiw et al. （1992）. Calibrated human capital （hit） is 
a composited index that consists of the human development index and skill technology 
frontier one, while trade （TRDit）, infrastructure connectivity （INFit）, FDI （FDIit）, logistics 
endowments （SECit, SCONit, RAILit）, institutions （GOVit, REGit）, and time to trade （TEit, 
TIit） are transformed into the natural logarithm. Although the mean and standard devia-

（　　）

Table 1 : Sources and indicators of key variables （2006―2019）

Variable name Acronym Descriptions Sources

Output yit Gross Domestic Product Per Capita （USD in 
PPP Constant-2021）

WDI

Capital Stock kit Capital stock per labor at PPPs （Millions 
USD, 2017）

PWT

Human Capital hit Composition of skill technology frontier in-
dex

UNDP and 
UNCTAD

Trade TRDit Trade （％） in GDP, the sum of exports and 
imports of goods and services shared in 
GDP （trade ratio）

UNCTAD

Connectivity INFit Liner shipping connectivity index based on 
concepts of UNCTAD, the base period or 
value is 100 （2006）.

UNCTAD

Foreign Direct 
Investment

FDIit Foreign Direct Investment, stock inflows 
（％） in GDP

UNCTAD

Logistics 
endowments

SEACit

SECONit

RAILit

International Sea Cargo throughput （TEUs）, 
International Sea Container throughput 

（TEUs） and Total Rail Length （Kilometres）

ASEAN

Institutions GOVit

REGit

Government Effectiveness and Regulatory in 
Percentage Tile Ranges

UNCTAD

Time to Trade TEit

TIit

Time to Export and Time to Import （num-
bers of days in trading process）

UNCTAD

Note :  PPP＝Purchasing Power Parity ; UNDP＝United Nations Development Programme ; UNCTAD＝United Nations Confer-
ence on Trade and Development.
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tion indicate that human capital development is not different among ASEAN countries, the 
mean and standard deviation reveal that the ASEAN economies may have differences in 
trade, FDI, and inter-sea endowments of connectivity.

５．Empirical Results and Discussion

５.１.　Empirical Results
　Table 3 shows the estimated results of equation 9 with fixed effect estimation

3）
. Column 

⑴ indicates that the coefficients of capital and human capital are positive and statistically 
significant at 1％ and 5％ levels. The 1％ increase in capital and human capital affects per 
capita GDP growth by 0.45％ and 1.40％, respectively. As the results of columns ⑵―⑸ 
show, the coefficient of trade is positive performance and statistically significant at the 1％ 
level. These significant results confirm Grossman and Helpmen （1994）. However, all coeffi-
cients of FDI are insignificant. When the logistics endowments are taken into account in 
column ⑶, infrastructure connectivity is found to affect GDP growth. International sea car-
go and sea containers are positive and statistically significant at 1％ level and 5％ level, re-
spectively. On the other hand, total rail length is not found to contribute to economic 
growth. Importantly, the regression in column ⑷ includes the institutional factors. The reg-
ulation has been found to be positive and statistically significant at the 10％ level, except 
government effectiveness. In column ⑸, time to trade （export and import） is included. The 
time to export is seemingly negative and statistically significant at the 10 ％ level, while 
the time to import turns positive and statistically significant at the 5％ level. The results 
in column ⑸ imply that infrastructure connectivity and human capital are fundamental 

（　　）

Table 2 : Descriptive Statistics

Variables Observation Mean Standard 
Deviation Minimum Maximum

Ln GDP pc （yit） N＝140 9.5075 1.1381 7.8160 11.6754
Ln Capital （kit） N＝140 4.2441 1.3623 1.4489 6.7741
Human capital （hit） N＝140 0.3057 0.2154 0.0461 0.8505
Ln Trade （TRDit） N＝140 11.3334 1.7322 7.5715 13.5839
Ln Connectivity （INFit） N＝126 6.1920 1.1993 4.1013 7.7767
Ln FDI （FDIit） N＝139 10.6585 1.7530 6.7665 14.3678
Ln Inter-Sea Cargo （SECit） N＝123 11.1609 2.2246 6.7393 13.9743
Ln Sea Container （SCONit） N＝121 7.7238 1.9363 4.4485 10.5239
Ln Rail （RAILit） N＝122 6.6913 2.1186 1.3863 8.7358
Ln Government （GOVit） N＝140 3.7238 0.8693 0.6491 4.6052
Ln Regulatory （REGit） N＝140 3.6152 1.0105 －0.7227 4.6052
Ln Time to Export （TEit） N＝127 3.6638 1.1048 1.7918 5.7301
Ln Time to Import （TIit） N＝127 3.7031 1.1891 1.3863 5.6348

Source : Authors’ computed summary.
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driving forces of the trade-growth nexus. As significant magnitudes, the 1％ increase in in-
frastructure connectivity and human capital bounds GDP per capita by about 0.09％ and 
1.18％ respectively. The fractions may boost the trade-growth nexus, with approximately 
0.18％ increase of GDP per capita influenced by trade performance in column ⑸.
　This study further explores the combined impact of human capital and connectivity. In 
Table 4, human capital and trade are mostly significant and positive in all estimations, 
while the magnitude of coefficients has diminished when additional variables are included. 
The magnitude of human capital has decreased from 6.20 in column ⑹ to 1.10 in column 
⑼, and the coefficient of trade has decreased from 0.25 to 0.13. Even though human capi-
tal keeps playing a crucial role in economic growth, the coefficients of interaction term of 
human capital with trade and connectivity are both solely negative and statistically signifi-
cant at 10％ and 5％ levels, respectively. Interestingly, the connectivity interacting with the 
time to export is revealed as highly positive and statistically significant at the 1％ level in 
accelerating the trade-led growth in column ⑻, there is also a positive clue for the interac-
tion with time to import in the perspectives of combined effects in column ⑼.

（　　）

Table 3 : Panel data model in fixed effects, ASEAN sample 2006―2019

Variables Acronym ⑴ ⑵ ⑶ ⑷ ⑸

lnkit Capital  0.4549＊＊＊

（0.0657）
   0.0712＊＊

  （0.0313）
   0.049＊＊

  （0.0243）
   0.0263
  （0.0513）

  0.424
 （0.0859）

hit Human Capital  1.3989＊＊

（0.6451）
   1.0938＊

  （0.5649）
   0.0792
  （0.0911）

   1.0419＊

  （0.5398）
  1.1830＊

 （0.5219）
lnTRDit Trade    0.1558＊＊＊

  （0.0274）
   0.0876＊＊＊

  （0.0150）
   0.1483＊＊＊

  （0.0291）
  0.1779＊＊＊

 （0.0296）
lnINFit Connectivity    0.1160＊＊＊

  （0.0297）
   0.0587＊

  （0.0278）
   0.0917＊＊

  （0.0341）
  0.0936＊＊＊

 （0.0264）
lnFDIit FDI    0.0355

  （0.0495）
 －0.0217
  （0.0244）

   0.0585
  （0.0269）

  0.0776
 （0.0723）

lnSECit Sea Cargo    0.1189＊＊＊

  （0.0197）
lnSCONit Sea Container    0.0308＊＊

  （0.0126）
lnRAILit Rail Length    0.0232

  （0.0388）
lnGOVit Government E.  －0.0383

  （0.0277）
lnREGit Regulation    0.0505＊

  （0.0269）
lnTEit Time to Export －0.0479＊

 （0.0211）
lnTIit Time to Import   0.0729＊＊

 （0.0199）
Time Dummy yes yes yes yes
_cons  7.1492＊＊＊ －19.6933 －34.706＊＊＊ －19.6027   4.8053
No. observation 140 126 108 126 113
No. group id  10   9   8   9   9
within R2  0.7870    0.9099    0.9842    0.9137   0.9078
Pro＞F  0.0000    0.0000    0.0000    0.0000   0.0000

Standard-error in parentheses ＊p＜.10, ＊＊p＜.05, ＊＊＊p＜.01.
Note : ＊, ＊＊, and ＊＊＊ imply statistical significance on the 10％, 5％, and 1％ level, respectively.
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Table 4 : Fixed effect with interaction, ASEAN sample 2006―2019

Variables Acronym ⑹ ⑺ ⑻ ⑼

lnkit Capital    0.0087
  （0.0484）

   0.0273
  （0.0365）

  0.1013
 （0.0610）

  0.1434＊＊

 （0.0461）
hit Human Capital    6.205＊＊

  （2.6797）
   4.8277＊＊

  （1.6561）
  1.1034＊＊

 （0.3593）
  1.0788＊＊＊

 （0.2918）
lnTRDit Trade    0.2462＊＊＊

  （0.0613）
   0.1172＊＊

  （0.0385）
  0.1028＊＊＊

 （0.0089）
  0.1291＊＊＊

 （0.0219）
lnINFit Connectivity    0.0629

  （0.0438）
   0.2074＊＊

  （0.0691）
－0.0191
 （0.0564）

  0.0257
 （0.0332）

lnFDIit FDI    0.0501
  （0.0445）

   0.0608
  （0.0524）

  0.1237＊＊

 （0.0452）
  0.0893＊

 （0.0467）
lnTRDit ≈ hit Trade x Human 

Capital
 －0.4351＊

  （0.1960）
lnINFit ≈ hit Connectivity x 

Human Capital
 －0.605＊＊

  （0.2109）
lnTEit Time to Export －0.161＊＊＊

 （0.0301）
lnINFit ≈ lnTEit Connectivity x Time 

to Export
  0.0326＊＊＊

 （0.0059）
lnTIit Time to Import －0.127＊＊＊

 （0.014）
lnINFit ≈ lnTIit Connectivity x Time 

to Import
  0.025＊＊＊

 （0.002）
Time Dummy yes yes yes yes
_cons －30.84＊＊ －28.123＊  11.4475  12.3538
No. of observation 126 126 113 113
No. of Group ID   9   9   9   9
Within R2    0.9300    0.9306   0.9137   0.9276
Prob＞F    0.0000    0.0000   0.0000   0.0000

Standard-error in parentheses ＊p＜.10, ＊＊p＜.05, ＊＊＊p＜.01.
Note : ＊, ＊＊, and ＊＊＊ imply statistical significance on the 10％, 5％, and 1％ level, respectively.

　Additionally, the study intends to mitigate the potential endogeneity and reverse causali-
ty issues by applying instrumental variable in the 2SLS based on Felbermayr （2005） and 
Baum et al. （2007）. The lagged GDP per capita and connectivity are selected as instru-
ments for trade. The lagged GDP per capita and infrastructure connectivity are positive 
and statistically significant at the 1％ level （endogenous factors in the trade-growth nexus） 
as in the Appendix B. The first stage reveals that trade is robust for heteroscedasticity 
and autocorrelation with a p-value of 0.0000 of F-statistics （11.51）. The test of under-iden-
tification rejects the null hypothesis of Kleibergen-Paap rk LM statistic : Chi2 11.914 by the 
p-value of 0.0026, indicating that the model is under-identified. However, the selected in-
struments have weak indentification based on the higher Kleibergen-Paap rk Wald F-statis-
tic : 11.506 than the 10％ and 20％ of Stock-Yogo weak ID test critical values, while Han-
sen J statistic （overidentification test of all instruments） and Endogeneity test of 
endogenous regressors are confirmed as the trade instruments （lagged GDP per capita and 
connectivity）. Subsequently, those instruments could correspond to an initial level of trade 
and have contemporaneous effects to enhance economic growth across ASEAN countries 

（　　）
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（Fatima et al., 2020）.

５.２.　Discussion
　The empirical results in Table 3 show that infrastructure connectivity and human capital 
affect economic growth. This table infers the empirical test for augmented Solow growth in 
ASEAN economies ; the importance of physical and human capital seems to be confirmed. 
While the capital is highly significant in columns （1―3）, using alternative control variables 
loses its significance in specifications in columns ⑷ and ⑸. Human capital as a proxy of 
human development is a crucial factor for the effective performance of connectivity via 
skilled technology in the ASEAN region.
　The coefficients of trade are positively significant and play a leading role in economic 
growth. Increasing international trade activity seems to be a fundamental driver of growth 
to leverage regional economic openness and integrate international markets. The positively 
significant coefficient of infrastructure connectivity implies intra-trade enhancement via link-
ing logistics endowments for regional economic development. Moreover, logistics endow-
ments partially strengthened by infrastructure connectivity are crucial factors for the 
trade-economic growth stimulus. Maritime endowments （except the rail） are more integrat-
ed and connected in ASEAN economies. Consequently, the relationship between connectivi-
ty and economic growth may be context-dependent and affected by supporting factors 
from human capital, trade, and regulation. With trade influencing, institutions, logistics en-
dowments, and time to trade could also play important roles in determining economic 
growth in ASEAN countries.
　On the other hand, the findings in Table 4 show a different picture. In column ⑹, while 
the coefficient of trade （TRDit） is still positive and significant, the coefficient of the inter-
action term between trade and human capital （TRDit≈hit） is negatively significant of the 
combined effect. This result is not aligned with the hypothesis. The negative sign of inter-
action among connectivity and human capital （INFit≈hit） in column ⑺ implies that human 
capital does not work well to enhance connectivity performance. Although these results are 
robust, the human capital index could be reconsidered. Importantly, the clue findings of 
connectivity that interacted with time to trade are positively and vitally moderated in 
trade processes and procedures, efficiently accelerating the trade-growth performance in 
ASEAN economies.
　These findings are consistent with the previous studies （Munim and Schramm, 2018 ; Ka-
trakylidis and Madas, 2019）. Inefficient infrastructure connectivity has existed in the Asia-
Pacific region. As Márquez-Ramos et al. （2011） indicate, some components of connectivity 
with maritime trade and non-containerized trade have negative imputs on economic growth 

（Del Rosal and Moura, 2022 ; Netirith and Ji, 2022）. Those critical impacts may be implicitly 
related to trade costs and high freight rates in time to trade （export-import） encompassing 

（　　）
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multifaceted connectivity and logistics endowments. While to synergize economic integra-
tions and connections in ASEAN, the effectiveness of infrastructure connectivity should be 
improved to reduce bottleneck impediments in the trade-growth nexus. ASEAN productivi-
ty and economy of scales are based on linking inter-modal connectivity to prioritized trade 
routes and supply chain efficiency in the logistics industry performance. These linking ef-
forts are crucial to connect those maritime economies where trade enhances economic 
growth by developing infrastructure connectivity through effective logistics mechanisms.
　It must be pointed out that this study has room for further improvement. Firstly, anoth-
er index of human capital should be reconsidered as related skills in trade compliance and 
connectivity performance. Table 1 shows that the data used is the composition of the hu-
man development index and the skill technology frontier index. Since this variable is a key 
independent variable, another candidate of the human capital index is needed to elaborate 
the estimation. Secondly, the specified model cannot fully mitigate the potential endogeneity 
issues between the explained variable （economic growth） and the explanatory variables 

（trade, human capital, and FDI）. One possible solution is to find out the instrument vari-
able. This study attempted to find a good instrument, but it was unsuccessful. The other 
solution is to use the GMM model. Although several types of GMM estimations were ap-
plied, the results were not better than the fixed effect estimations because of some missing 
data existed among key variables and insufficient time sevies for the GMM estimation.

６．Conclusion and Policy Implications

　This study investigates the impact of infrastructure connectivity and human capital in 
the trade-growth nexus across ASEAN countries, using panel data from 2006―2019 with 
fixed effect models. The results imply that the infrastructure of liner shipping connectivity 
influences intra-trade, which links logistics endowments to bolster regional economic devel-
opment. Human capital is mostly embodied in the skilled technology frontier for trade 
openness. Economic interactions and integrations led by active international trade in ASE-
AN should leverage logistics endowments aligned with infrastructure connectivity and hu-
man capital engaging skills.
　As the empirical results show, each component connectivity in the logistics industry, in-
corporating technological changes, is a main determinant for regional economic integration. 
Under this situation, efficient supply chain networks are efficiently triggered as an engine 
to yield trade expansion through economic openness. On the other hand, the leading time 
to export in the trade process, such as time delays and less frequent connectivity, could 
impede economic growth. As discussed before, theoretically, human capital is an important 
factor in enhancing economic growth. Previous studies also find that human development 

（　　）
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in the technological frontier is a clue to the mechanized trade-growth performance. Howev-
er, the variation of human capital among the ASEAN region brings unexpected results in 
estimations. Despite the empirical results, the inter-modal infrastructure connectivity in the 
logistics industry may improve prioritized trade routes for connection and integration of 
ASEAN economies. The effectiveness of logistics connectivity and human capital embodied 
technological skills could serve as core functions to some degree, shaping trade efficiency 
and economic growth under the integration of the ASEAN region into international mar-
kets. To promote international trade, connectivity could help to accelerate regional econom-
ic growth in different income levels across the ASEAN region. Hence, embodied human 
capital in technology could play an important role in the leveraged transitional technology 
and soft-skills policy across the logistics industry to provide an effective supply chain for 
trade performance.
　The logistics industry of infrastructure connectivity is vitally required in developing 
economies, islands, and landlocked countries like the Lao PDR. Infrastructure connectivity 
should be treated as a public good towards the technological progress of economic develop-
ment in ASEAN economies. The contemporary policy of landlocked countries is to remove 
trade distortions and reduce bottleneck impediments, the leading time to trade entirely 
cross-border through regional economic connections. The productivity in ASEAN economies 
is based on effectiveness in prioritized trade routes and efficient supply chains, which are 
linked to inter-modal connectivity in the logistics industry and accessibility to trade open-
ness in maritime economies. Therefore, the ASEAN master connectivity could be enhanced 
to promote regional linkages in trade efficiency with inclusive growth and development. 
Thus, the logistics endowments should be synergized with inter-modal infrastructure con-
nectivity in the framework of MPAC 2025. Crucial components of regional multimodal con-
nectivity should be improved in the trade-led growth as follows : 1）. The implementation of 
adequate infrastructure and connectivity endowments in trade and economic corridors ; 2）. 
Investment in prioritized trade routes for efficient connected supply chains acrossborders 
to boost regional economic integration and connections ; 3）. Removal of inefficient scales 

（trade cost, time delivery, and frequency） and providing enough shipment capacity in the 
logistics industry for competitive trade.
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Notes
1）　Based on the UN Trade and Development （UNCTADstat 2024）, dwt＝dead weight ton, unit 

of the fleet in ship carrying capacity.
2）　Based on the World Bank 2018, LPI＝the Logistics Performance Index （LPI） is one of the 

seven trusts in logistics capability and cargo performance （other : customs, infrastructure, inter-
shipments, logistics competence, tracking and tracing, and timeliness）.

3）　Based on the Hausman test, the test result reveals that the null hypothesis is rejected with 
a highly significant p-value of 0.0001 （Prob＞Chi2）. Therefore, the panel model in fixed effect is 
properly confirmed as the appropriate model properties （N＞T）. Hence, the fixed effect model 
could solve country heterogeneity.
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Appendix A :

Autocorrelation test
　Breusch-Pagan LM test of independence : chi2（36）＝255.262, Pr＝0.0000
　Based on 13 complete observations over panel units
Heteroskedasticity test
　Modified Wald test for groupwise heteroskedasticity in fixed effect regression model
　H0 : sigma2（i）＝sigma2 for all i
　chi2（9）＝713.98 Prob＞chi2＝0.0000

Appendix B :

Summary results for first-stage regressions

Variable name Acronym Shea Partial R2 Partial R2 F（2, 102） P-value

Ln Trade Ln TRDit 0.2603  0.2603 11.51 0.0000

　NB : first-stage F-stat heteroskedasticity and autocorrelation-robust

Underidentification tests
　Ho : matrix of reduced form coefficients has rank＝K1―1 （underidentified）
　Ha : matrix has rank＝K1 （identified）

Chi2 P-value

Kleibergen-Paap rk LM statistic 11.29   0.0035
Kleibergen-Paap rk Wald statistic 24.13  0.0000
Underidentification test （Kleibergen-Paap rk LM statistic） 11.914 0.0026

Weak identification test

Weak identification test （Kleibergen-Paap rk Wald F statistic）: 11.506

Stock-Yogo weak ID test critical values : 10％ maximal LIML size 8.68
15％ maximal LIML size 5.33
20％ maximal LIML size 4.42
25％ maximal LIML size 3.92

NB : Critical values are for Cragg-Donald F statistic and i.i.d. errors

Chi2 P-value

Hansen J statistic （overidentification test of all instruments）: 7.929 0.0049
Endogeneity test of endogenous regressors : 12.477 0.0004
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