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ABSTRACT ARTICLE HISTORY
Logistics is an essential service for manufacturing because it supports Received 8 August 2023
the coordination and integration of global production activities, ulti- Accepted 29 June 2024

mately reducing costs and improving efficiency. However, it is not KEYWORDS

clear that the complex structural relationship between logistics and Global value chains; logistics
manufacturing under the Global Value chains (GVCs). Consequently, input complexity;
employing the input-output model, we develop the logistics input comparative advantage;
complexity (LIC) to capture the complex structural characteristics of manufacturing
logistics services embodied in manufacturing sectors and investigate

its role in manufacturing comparative advantage. We find that the

logistics input complexity can boost manufacturing competitiveness.

Furthermore, we also confirm that the domestic and foreign groups of

LIC have at least a partially complementary effect on the export

competitiveness of manufacturing. Finally, we identify heterogeneity

in the domestic and foreign groups’ five subdivision logistics modes of

LIC. It suggests that logistics service providers must precisely match

the related manufacturing production chains to cultivate

a comparative advantage in manufacturing.

1. Introduction

Comparative advantage in manufacturing is pivotal to a nation’s economic growth and
its quest for a competitive edge in the global market. As highlighted by Cassini (2023), it
is particularly instrumental in developing a country’s production capacity and establish-
ing a robust National Innovation System (NIS). In the face of economic globalization,
understanding the dynamics that drive this advantage is essential for nations aiming to
achieve and sustain economic prosperity through their manufacturing prowess.

While mainstream research has extensively analyzed the formation of comparative
advantage across countries and industries (Chor, 2010), the pivotal role of logistics in
bolstering manufacturing competitiveness has been largely neglected. Within the frame-
work of Global Value Chains (GVCs), logistics not only serves as a critical infrastructure
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but also actively enhances manufacturing’s global standing through coordinated factor
inputs and expanded market access, as posited by Fawcett and Closs (1993). By stream-
lining the movement of production factors and facilitating product distribution, logistics
significantly reduces manufacturing costs and enhances market competitiveness. This
underscores the indispensable nature of logistics in the modern manufacturing land-
scape, where it is no longer just a support function but a key driver of efficiency and cost
reduction.

Industry-level databases have enabled research on the service-manufacturing relation-
ship within Global Value Chains (GVCs) (Bamieh et al., 2020; Falk & Peng, 2013;
Hoekman & Shepherd, 2015; Liu et al., 2020), yet the impact of logistics on the
manufacturing industry’s competitiveness has been understudied. While S. Park (2020)
and Yang et al. (2022) introduced the concept of logistics input intensity, highlighting
logistics as a significant input for manufacturing, their work and others have not fully
explored the structural intricacies of logistics within GVCs. The complex organization of
global production processes, as described by Baldwin and Venables (2013), which
includes both sequential (“snakes”) and modular (“spiders”) structures, demands sophis-
ticated logistics and transportation expertise. This is essential for achieving the geogra-
phical and functional integration necessary to navigate the spatial and functional
fragmentation of Global Production Networks (GPNs), as noted by Hesse and
Rodrigue (2006) and Rodrigue (2006). We argue that the complex structure of logistics
services is a critical, yet often overlooked, factor contributing to the comparative advan-
tage of manufacturing industries.

Consequently, this paper attempts to bridge the gap in the previous literature about
S. Park (2020) and Yang et al. (2022) by investigating the intricate structural relationship
between logistics and manufacturing in the global value chains. Specifically, we first
develop the logistics input complexity (LIC) to measure the complex structural level for
logistics services embodied in the manufacturing sectors along GVCs. This indicator is
defined as the value-added propagation length of logistics sectors in all countries for each
manufacturing sector, which is derived from the calculation of the value-added propaga-
tion length from a group of value-added creators(industries) to a specific final product
proposed by Meng et al. (2020). We then easily explore the role of LIC in the export
competitiveness of manufacturing. Furthermore, we also profoundly investigate the
effect of the domestic and foreign groups and the five logistics services modes of LIC
on comparative advantage in manufacturing by dividing the LIC into the two groups of
domestic and foreign or the five subdivision logistics services modes.

The contributions of this study are several as follows. First, combining the theory of
GVCs and the input-output model, we develop an indicator - LIC - to measure the
complex structural characteristics of logistics services embodied in the manufacturing
sectors under GVCs. Second, we identify and confirm the effect of the LIC on compara-
tive advantage in manufacturing using a multidimensional fixed-effect model. Third,
after dividing the LIC into the two groups of domestic and foreign or the five subdivision
logistics services modes, we deeply investigate the effect of the domestic and foreign
groups and the five logistics services modes of LIC on manufacturing’s comparative
advantage.

The structure of this paper is outlined as follows: Section 2 offers a comprehensive
literature review that establishes the theoretical foundation and context for our study.
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Section 3 details the measurement of variables and the sources of data utilized in our
analysis. Section 4 elaborates on the econometric model and the empirical strategy
employed to test our hypotheses. Section 5 showcases the empirical results derived
from our analysis. Section 6 provides an in-depth discussion of the results, exploring
their implications and relevance to the field. Finally, Section 7 presents the conclusions
drawn from the study, along with recommendations for future research.

2. Literature review
2.1. The sources of comparative advantage in manufacturing

Comparative advantage, a central concept in international trade theory, has been an
important research topic for many years. The conventional theory and empirical have
explored various determinants contributing to a country’s comparative advantage,
including productivity, factor endowments, and institutions (Chor, 2010).

Productivity differences have long been recognised as a fundamental source of com-
parative advantage, pivotal in shaping international trade patterns. Based on the
Ricardian framework, Eaton and Kortum (2002) introduced a parameterisation that
accurately captures the distribution of productivity levels and addresses multi-country
contexts. Consequently, several scholars have quantitatively validated the Ricardian
model’s predictions (Choi & Park, 2018; Costinot & Donaldson, 2012; Costinot &
Komunjer, 2007; Costinot & Vogel, 2015; Costinot et al., 2012; Deardorff, 2005;
Levchenko & Zhang, 2014). Moreover, other researchers recently have delved into the
determinants of productivity disparities among countries, such as country size and
technology (Ara, 2020), innovation and production (Somale, 2021), technological R&D
efficiency and firm-level technology investments (Sampson, 2023), knowledge diffusion
(Bahar et al.,, 2014; Cai et al., 2022), capital heterogeneity (Ishise, 2016). These studies
have provided a multifaceted view of factors contributing to a nation’s comparative
advantage in the global marketplace.

Factor endowments theory, initially proposed by the Heckscher-Ohlin model and
expanded into the HOV model by Vanek (1968), has faced challenges like Leontief’s
paradox (Leontief, 1953), catalysing a wave of empirical studies aimed at testing the
theory’s validity. For instance, Debaere (2003) and Romalis (2004) found evidence that
supports the factor endowments theory. Trefler (1993, 1995) suggested incorporating
technology and country-specific productivity differences to refine the HOV model. Many
scholars have dug deeper into the sources of technological differences from different
perspectives based on the HOV model (Burstein & Vogel, 2017; Morrow & Trefler, 2017,
2022; Navas, 2018; Nishioka, 2012). Others have refined the factor endowment theory by
incorporating the analysis of intermediate traded goods or value-added exports
(Brondino, 2023; Ito et al., 2017; Koch & Fessler, 2020; Nishioka, 2013), as well as by
examining digital tasks (Stollinger & Guarascio, 2023) and knowledge capital (Chen &
Shao, 2020).

Finally, some studies emphasise the role of institutions and other factors in shaping
comparative advantage, including financial development (Beck, 2003; Gong & Zhou,
2014; Gur & Avsar, 2016; Ju & Wei, 2011; Keuschnigg & Kogler, 2022; Manova, 2008),
contract enforcement (Costinot, 2009; Essaji & Fujiwara, 2012; Feenstra et al., 2013;
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Ferguson & Formai, 2013; Levchenko, 2007; Ma et al., 2010; Nunn, 2007; S. M. Park,
2023), labor market flexibility (Cufiat & Melitz, 2012), and demographic structure (Cai &
Stoyanov, 2016), alongside other factors like large firms (Gaubert & Itskhoki, 2021),
multinational production (Alviarez, 2019), and economic complexity (Ghasemkhani
et al., 2022a, 2022b; Krishna & Levchenko, 2013; Y. Wang & Turkina, 2020).

However, recent work by Hausmann et al. (2022) has significantly advanced our
understanding of the dynamics of comparative advantage. Building upon the founda-
tional research of Hausmann and Klinger (2006, 2007), Hidalgo et al. (2007), and Bahar
et al. (2014), their study innovatively combines theoretical modelling with empirical
analysis to demonstrates how the relatedness of inter-industry and inter-location can
effectively predict shifts in comparative advantage. They challenge the assumption of
a common national productivity parameter in the Ricardian models of trade (Costinot
et al., 2012; Eaton & Kortum, 2002), integrating the factor requirements of industries
with the factor endowments of locations to provide a comprehensive estimation of
comparative advantage.

Our study draws on the insight of Hausmann et al. (2022) and focuses on the complex
structural relationship of the logistics industry embedded within the manufacturing
sector along the Global Value Chains (GVCs), which may be one of the key factors
shaping the comparative advantage in manufacturing.

2.2. The role of logistics in export competitiveness of manufacturing

As the Logistics Performance Index (LPI) proposed by Arvis et al. (2007) is
a multidimensional and comprehensive quantitative tool for logistics performance at
the national level, many scholars empirically study the relationship between logistics
performance and global economics or trade. They have confirmed that high-level logis-
tics performance can significantly boost a country’s trade volume from different per-
spectives (Bottasso et al., 2018; Bugar¢i¢ et al., 2020; Celebi, 2019; Gani, 2017; Kabak
et al., 2018; Korinek & Sourdin, 2011; Mendes dos Reis et al., 2020; Saslavsky & Shepherd,
2014; Tongiir et al., 2020).

However, few studies pay attention to the role of logistics in the comparative advan-
tage of manufacturing at the industry level. Most researchers have examined the relation-
ship between services and manufacturing as the emergence of servitisation. They
developed the service intensity or service input intensity (SII) to measure the degree of
service input for manufacturing (Falk & Peng, 2013; Hirsch, 1989) and considered it as
a key moderating variable to analyse the effect of services on manufacturing (Bamieh
et al., 2020; Liu et al., 2020). To our knowledge, S. Park (2020) was the first to empirically
confirm that logistics and transport infrastructure quality is a source of comparative
advantage in logistics-intensive industries. As the follower, Yang et al. (2022) argued that
national-level logistics performance could promote comparative advantage in manufac-
turing sectors with a higher usage intensity of logistics, especially in developing countries.
In sum, they both proposed the logistics input intensity, originated from the idea that
logistics is a particular input factor of manufacturing industries, and introduced it into
the model to investigate the effect of logistics on comparative advantage in manufactur-
ing. However, the above studies merely reflect the quantitative proportion characteristic
of value-added contribution from logistics services to manufacturing’s comparative
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advantage, ignoring the complex structural characteristics of logistics services embodied
in manufacturing under the global value chains, which may be another critical dimension
of the contribution of logistics services to manufacturing comparative advantage.

2.3. The logistics input complexity for manufacturing based on GVCs perspective

Global Value Chains (GVCs) have transformed global production into intricate networks
where countries specialise in specific production stages, leading to complex coordination
challenges that require advanced logistics and transportation systems for integration
(Hesse & Rodrigue, 2006; Hummels et al., 2001; Rodrigue, 2006). Logistics, or supply
chain management (SCM), is a critical mechanism supporting global manufacturing
strategies of factor input and market access (Fawcett & Closs, 1993).

Researchers have utilised input-output databases to analyse GVCs along two dimen-
sions: degree (value added) and position (length). A robust literature exists on measuring
the degree of value added in GVCs (Ceglowski, 2017; Johnson & Noguera, 2012; Kee &
Tang, 2016; Koopman et al., 2014; Los et al., 2015; Meng et al., 2017; Pahl & Timmer,
2020; Stehrer, 2012; Timmer et al., 2014; Z. Wang et al., 2013, 2017a; Zhang et al., 2018),
with Johnson (2018) providing a comprehensive summary and outlook.

However, these measures do not fully capture the complexity and geometry of GVCs,
which stem from the intricacies of production networks. Studies have thus focused on the
position of linkages within GVCs, using metrics like average propagation length (APL) to
gauge the sequencing of global production chains (Dietzenbacher & Romero, 2007;
Dietzenbacher et al., 2005; Fally, 2012). Other measures assess the “upstreamness” of
industries (Antras & Chor, 2018; Antras et al., 2012; Miller & Temurshoev, 2017) and
employed a combination of firm-level data, manufacturing survey data, and industry-
based measures of upstreamness to exhibit the positioning of firms within global
production networks and how this evolves with productivity and performance through-
out the firm’s life-cycle (Chor et al., 2021).

Nevertheless, these measures start from a sector’s gross output rather than primary
inputs (or value-added) such as labour and capital because the gross outputs are
endogenous variables; primary inputs and final demand are exogenous variables in the
standard Leontief model (Z. Wang et al., 2017a)."! Consequently, Z. Wang et al. (2017a)
define the average length of production as the average number of times the value added
created by the production factors in the sequential production process is computed as
total output (induced by value-added). With the deepening of research, Meng et al.
(2020) introduce the average value added propagation length (focusing on the “value-
added” propagation process in GVCs), offering a unified framework for measuring the
distance between producers and consumers in GPNs.

To capture the complexity of logistics service embodied in manufacturing, we prefer
to employ the group-wise value-added propagation length from the particular group of
final products to the specific group of industries proposed by Meng et al. (2020).

'Consequently, the critical contribution of the gross trade accounting framework proposed by Koopman et al. (2014) and
Z. Wang et al. (2013) is converting the gross output into final demand.
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3. Measure of variables and data sources
3.1. Measure of critical variables

3.1.1. Revealed comparative advantage (RCA) based on VAX

With the increasing segmentation of global production worldwide, each economy spe-
cialises in particular production tasks in complex global production networks (GPNs)
rather than final products in traditional trade (Hummels et al., 2001). This significant
change in international trade patterns has resulted in the misleading of the traditional
statistical framework under GVCs, neglecting that the competitiveness of an economy in
international trade has shifted from gross exports based on export products to value
added in particular production tasks (Johnson & Noguera, 2012). Specifically, the value-
added embodied in trade has increasingly accorded for more intermediate goods or
services than final goods (Bohn et al., 2018; Markusen, 1989).

Consequently, given the above situation, a new statistical framework is essential for
measuring the comparative advantage since most economic activities tend to trade within
the value chain (Miroudot & Cadestin, 2017). For the dependent variable - manufactur-
ing comparative advantage, this paper uses the revealed comparative advantage(RCA)
based on value-added export proposed by (Koopman et al., 2014), and the specific
calculation formula is as follows:

VAX, S VAX;,
RCAVAst = N / N G )
Zs:l VAXJ‘S Zszl Zi:l VAXis

where country i,j =1,2,---,G;sectors = 1,2,--- | N; (1)

3.1.2. Logistics input complexity (LIC)

This section defines the logistics input complexity for final manufacturing sectors. Based
on the calculation of the value-added propagation length from a group of value-added
creators(industries) to a specific final product proposed by Meng et al. (2020), we first
develop the logistics input complexity (LIC) for all countries, which denote as the value-
added propagation length of logistics sectors in all countries for each manufacturing
sector. The specific formula is as follows:

LIC = Vi(1I + 24 + 3A* + - )Y /VA; = V|B*Y / VA, )

To deeply investigate the effect of LIC on manufacturing RCA, we divide the LIC into
the domestic and foreign groups and estimate separately the domestic and foreign LIC in
country j to each manufacturing sector as follows:

d _ yd 2 { d
LICP™ = Vi (11 + 2A + 3A% 4 - ) Y / VA"

_ VgomeBZ ?/ VA;iome (3)

LIC™" = V™" (11 4 2A + 342 + - -} Y | VAL



JOURNAL OF APPLIED ECONOMICS (&) 7

_ V;;oreignBz ?/ VA{oreign (4)

Where j and I denote the specific country j and the logistics sectors, respectively. The LIC
in formula (2) measures the aggregate of logistics input complexity in all countries to

each manufacturing sector, while the LICfO’”e and LIC;mign in formulas (3) and (4)

measure the domestic and foreign groups of logistics input complexity in country j to
each manufacturing sector in country j. The V; denotes a 1 x GN? direct value-added
coefficient vector of logistics sectors in all countries (with values for other sectors

being 0). While the Vl;.i”’”"’ and V{;omg" denote the 1 X GN domestic and foreign direct

value-added coefficient vector of logistics sectors in country.’ A is the GN x GN input
coefficient matrix (the share of intermediate input in output). B refers to the GN x GN
Leontief inverse matrix. ¥ refers to the GN x GN diagonal matrix of the final demand of
manufacturing sectors in all countries. VA; denotes a 1 x GN vector of the value-added
contribution of logistics sectors in all countries to each manufacturing sector. While

VAf‘””e and VAforeig" denote the 1 x GN vector of the domestic and foreign value-added

contribution of logistics sectors in the country j to each manufacturing sector in the
country j. The numerator on the right of the formula (2) represents the total output of the
logistics sectors in all countries to each manufacturing sector. In comparison, the
denominator represents the value-added contribution of the logistics sectors in all
countries to each manufacturing sector.

3.2. Data sources and control variables

We construct our sample from two sources: the World Input-Output Database (2016
version) (WIOD) and World Development Indicators (WDI), including panel data at the
country-sector-year level, with 10,095 observations covering 43 countries, 18 manufac-
turing sectors (WIOD sectors 5-22), and five logistics sectors (WIOD sectors 31-35) for
2000-2014."

We incorporate a series of control variables based on Trade or Comparative advantage
Theory from previous literature to account for some factors affecting manufacturing
comparative advantage. Firstly, we chose the three variables: (1) GDP per capita (GDP/
capita), (2) Gross Output (GO), and (3) Employment size (Emp), representing the
development level of the country and the scales of industry separately (Gouma et al.,
2018; Liu et al.,, 2020); Secondly, we prefer the two variables: (4) Sector productivity
(Prod) and (5) Sector capital-labour ratio (KLR), representing separately the Ricardian
productivity and Heckscher-Ohlin’s factor endowments (Chor, 2010; Gouma et al., 2018;
Liu et al., 2020); Finally, we also take (6) GVC participation level (Wang et al., 2017b) into
account for our control variable because our dependent variable is the value-added
comparative advantage. Specifically, their definitions are presented in Table 1 below.

2G and N are the numbers of countries and sectors in the sample, respectively.

3the former with values for other sectors except for logistics sectors in country j and all sectors in other countries being 0,
while the latter with values for all sectors in country j and other sectors except logistics sectors in other countries being 0.

“A detailed list of countries and codes covered in this paper is presented in Appendix A. A detailed list of the
manufacturing and logistics sectors covered in this paper is presented in Appendix B.
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Table 1. The definition and source of control variables.

Variable The definition Source

GDP per capita Gross Domestic Product (GDP) per capita measured as a country’s World Development
(GDP/capita) GDP divided by its total population Indicators Database

Gross Output (GO)  gross output by industry at current basic prices WIOD-SEA database

Employment size the manufacturing sector’s total employment size that captures the WIOD-SEA database
(Emp) manufacturing scale economy as suggested by the new trade

theory

Sector productivity  the ratio of gross output to employment size in the manufacturing ~ WIOD-SEA database
(Prod) sector

The sector capital-  the ratio of capital to labour in the manufacturing sector WIOD-SEA database
labour ratio (KLR)

GVC participation the domestic value added generated from a country-sector’s GVC Authors’ calculations
level activities through downstream manufacturing sectors as a share of

that country-sector’s total value added

4. Econometric model and empirical strategy

We first construct a measure of logistics input complexity based on the method proposed
by Meng et al. (2020) by calculating the value-added propagation length from logistics to
manufacturing sectors. We then employ revealed comparative advantage(RCA) based on
valued-added exports(VAX) proposed by Koopman et al. (2014) as the dependent
variable and build the econometric models to confirm the effect of logistics input
complexity on comparative advantage in manufacturing. Finally, we deeply investigate
the effect of the domestic and foreign groups and the five logistics services modes of LIC
on manufacturing RCA by dividing the LIC into the two groups of domestic and foreign
or the five subdivision logistics services modes.

To estimate the effect of the aggregate of LIC in all countries on manufacturing RCA,
the benchmark specification of the econometric model is as follows:

RCAj = a9 + ay LIC;; + yCont + §Fix + &j (5)

To deeply investigate the above effect, we divided the LIC into domestic and foreign
groups; the specifications of the econometric models are as follows:

RCA;j = B, + [j’lLICj‘i‘t’me + yCont + OFix + &j (6)
RCAj¢ = B, + ﬁ3LICf:6ig" + yCont + OFix + &5t (7)

where j, s, and t represent the country, sector, and year, respectively; the depen-
dent variable RCA;; denotes the revealed comparative advantage based on value-

added export of country j in sector s in t year; the LIC;y, LIC{s"*" and LIC]f;’treig”
measure the aggregate of LIC in all countries, the domestic and foreign LIC of
country j in sector s in t year, respectively. Cont is the control variable vector; Fix
stands for fixed effect (including three dimensions of country, sector, and year);
&g is the error term. According to the above empirical strategy, we focus on the
coefficients of «; in formula (5) and B, and B, in formulas (6) and (7), respec-
tively. a;, 8, and f; are all expected to be positive.

The main problem of our econometric models is the endogeneity caused by omitted
variables and reverse causality. The former issue is that some common shocks may exist
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in unobserved invariant-time industry characteristics and varying-time macro fluctua-
tion factors affecting manufacturing RCA and LIC. The latter issue is that there may be
the probability that the manufacturing industries in a particular country with higher
RCA might have a complex production chain which attracts complex logistics services.

On the one hand, to address the omitted variables problems, we add some fixed effects,
including the country, sector and year, in our models to control the unobserved char-
acteristics at the country and industry level and macro fluctuation factors at the year
level. On the other hand, to deal with the reverse causality problems, we employ the
lagged period of the LIC as an instrumental variable and adopt the two-stage least squares
(2SLS) method to revise the estimation of the benchmark regression.

To strengthen our benchmark regression’s robustness, we also add some robustness
specifications, including alternative variable and Logit regression models, sample adjust-
ments by excluding developed countries, and Panel quantile regression.

5. Empirical results
5.1. Benchmark regression

Table 2 presents results for the effect of logistics input complexity on comparative
advantage in manufacturing. The dependent variable is the manufacturing RCA based
on forward-linkage VAX. The LIC is the ratio of the total output of the logistics sectors
embodied in the final demand of the manufacturing sectors to the value-added contribu-
tion of the logistics sectors to each manufacturing sector. There may be the issue of
unobserved omitted variables even if we add some control variables into our models. As
a result, we have set a string of fixed effects for all columns to address the endogeneity

Table 2. The effect of the LIC on manufacturing RCA (benchmark regressions).
(1) () 3) (4) (5)

Variables RCA_manu RCA_manu RCA_manu RCA_manu RCA_manu
LIC 0.298* 0.334* 0.336* 0.334*** 0.336***
(1.81) (2.02) (2.02) (7.26) (7.27)
GDP/capita 0.000* 0.000* 0.000* 0.000%** 0.000%**
(-1.82) (-1.78) (-1.80) (-6.50) (-6.58)
log(Emp) 0.352%** 0.351%** 0.350%** 0.3571*** 0.350***
(3.44) (3.46) (3.43) (9.95) (9.85)
GVC Participation 2.626%** 2.685%** 2.703*** 2.685%** 2.703***
(4.41) (4.47) (4.49) (16.37) (16.42)
Log(GO) -0.176 -0.173 -0.173 -0.173*** -0.173%**
(-1.59) (-1.58) (-1.57) (-4.60) (-4.55)
Prod 0.128 0.122 0.125 0.122%** 0.125%**
(1.04) (1.01) (1.02) (3.03) (3.06)
KLR 0.041 0.048 0.046 0.048*** 0.046***
(0.95) (1.11) (1.05) (3.82) (3.62)
Constant —3.655%** —3.835%** —3.843%** —3.835%** —3.843%**
(-3.13) (-3.26) (-3.24) (-10.75) (-10.68)
Observations 10,095 10,095 10,095 10,095 10,095
R-squared 0.247 0.251 0.258 0.251 0.258
Sectors FE YES YES YES
Year FE YES YES
Sectors#Year FE YES YES

The RCA_manu is the VAX-based manufacturing RCA. LIC represents Logistics input complexity. Robust standard errors in
parentheses are clustered by sector and year in columns (1), (2), (3), sector*year in columns (4), (5). *p < 0.1, **p < 0.05,
XXX

p < 0.01.
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problem caused by the above issue. Specifically, as follows: column (1) sets the fixed effect
of the sector to control the influence of invariant-time sector characteristics, column (2)
and (4) set the fixed effects of the sector and year to control the influence of invariant-
time sector characteristics and varying-time macro fluctuation factors on the dependent
variables. Columns (3) and (5) set the fixed effects of the interaction between sector
and year to control the comprehensive characteristics of the invariant-time sector and
varying-time macro fluctuation factors on the dependent variables. The standard errors
are robust to heteroscedasticity and clustered by sector and year in columns (1), (2), (3),
and sector*year in columns (4) and (5) to solve the potential sequence and correlation in
the error terms over time for a specific sector.

Generally, we can see the LIC are always significantly positive at the 10% level in
column (1)-(3) and at the 1% level in column (4)-(5). It indicates that LIC always
positively affects RCA in manufacturing. The effect is even strengthener at the sector*-
year robust standard errors cluster than the sector and year cluster.

The results in Table 2 also show that the significant control variables have the expected
signs. Specifically, apart from log(GO) and GDP/capita, employment size, Sector pro-
ductivity, Sector capital-labour ratio (KLR), and GVC participation level increase
a country’s comparative advantage in manufacturing value-added exports. Their effects
are primarily significant at the 1% level.

5.2. Robustness tests

5.2.1. Instrumental variables method for the endogeneity problem

Although the endogeneity problem due to omitted variables has been mitigated pre-
viously through various fixed effects models, there may also be endogeneity problems
due to reverse causation in our econometric models. Manufacturing industries in certain
countries with more export competitiveness may affect logistics input complexity inver-
sely. To mitigate this type of endogeneity problem, we use the lagged period of the LIC as
an instrumental variable and adopt the two-stage least squares (2SLS) method. Table 3
presents the results of the 2SLS regression for the instrumental variable (the lagged
period of LIC). The results show the two critical points for the instrumental variable
method: Firstly, our instrumental variable is reasonable. The F value is greater than 10,
and the statistical test values of K-P LM and C-D LM are greater than the 10% threshold
for the Stock-Yogo instrumental variable test. In addition, the regression coefficient of
the lagged period of the LIC for the LIC is positively significant at the 1% level at the first
stage of regression. Secondly, the instrumental variable regression results are consistent
with the benchmark regression results because the regression coefficient of the LIC for
the RCA_manu is positively significant at the 10% level at the second regression stage.

5.2.2. Alternative variable and Logit regression models

Following some approaches in the literature on the evolution of comparative advantage,
we also transform the dependent variable - manufacturing RCA - to the 0-1 binary
variable and adopt the logit regression models to examine whether the LIC affect the
structural change of manufacturing RCA. The fixed effects and control variables are
consistent with the benchmark regression. The results from Table 4 show that the LIC



JOURNAL OF APPLIED ECONOMICS 11

Table 3. Robustness check (1) (Instrumental variables 2SLS).
1M )

First Two
Variables LIC RCA_manu
L.LIC 0.987***
(0.01)
LIC 0.353*
(0.17)
GDP/capita -0.000 -0.000
(0.00) (0.00)
log(Emp) -0.009** 0.359%**
(0.00) (0.10)
GVC Participation 0.007 2.666***
(0.01) (0.59)
Log(GO) 0.009* -0.180
(0.00) (0.11)
Prod -0.006* 0.131
(0.00) (0.12)
KLR -0.002 0.047
(0.00) (0.04)
Observations 9,422 9,422
R-squared 0.200
F . 36.17
Sectors FE YES YES
Year FE YES YES

The RCA_manu is the VAX-based manufacturing RCA. LIC represents
Logistics input complexity. L.LIC is the lagged one period of the LIC.
Robust standard errors in parentheses are clustered by sector
and year in all columns. * p < 0.1, ** p < 0.05, *** p < 0.01.

regression coefficients for the RCA_bi * are all positively significant at the 1% level in all
columns (different fixed effects). It indicates that LIC also significantly affects the
structural change of manufacturing RCA and supports our robustness of benchmark
regression.

5.2.3. Sample change - dropping the sample of developed countries
Our sample includes both developing and developed countries. Previous research on the
“smile curve” in GVCs (Aggarwal, 2017; Meng et al., 2020) has shown that the industrial
structure in international trade varies between the two groups. Developed countries
primarily emphasise exports in service sectors, which rely heavily on innovation (such
as R&D, design, brand building, after-sales service, and marketing). These countries have
progressed beyond the initial stages of industrial development and are typically posi-
tioned at the forefront and tail end of GVCs, specialising in high-value-added processes.
On the other hand, developing countries tend to focus on exports in manufacturing
sectors, leveraging their labour or resource advantages within the global product system
of GVCs. They are usually situated in the middle of GVCs and specialise in low-value-
added processes.

Consequently, to eliminate the influence of service sectors and maintain the focus on
manufacturing sectors, we have excluded the sample of developed countries for our
robustness analysis. Table 5 presents the robustness analysis outcomes for excluding

%it is a 0-1 binary variable transformed from the dependent variable manufacturing RCA.
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Table 4. Robustness check (2) (an alternative measure of RCA and Logit regres-

sion models).
(M 2 3)
Variables RCA_bi RCA_bi RCA_bi
LIC 0.982%*** 0.305%** 1.084***
(0.086) (0.064) (0.088)
GDP/capita 0.140%** 0.272%** 0.176***
(0.043) (0.038) (0.043)
log(Emp) 4.378*** 2.978%** 4,353%*
(0.461) (0.359) (0.456)
GVC Participation 4,933%** 2.363*** 5.128%**
(0.185) (0.126) (0.187)
Log(GO) —3.932%** —2.648*** —3.892***
(0.472) (0.369) (0.467)
Prod 3.632%** 2.325%** 3.582%**
(0.473) (0.372) (0.468)
KLR 0.280%*** 0.326%** 0.299%**
(0.039) (0.034) (0.039)
Constant —37.315%** —26.439%** —37.734%**
(3.194) (2.492) (3.173)
Observations 10,095 10,095 10,095
sectors FE YES YES
year FE YES YES

RCA_bi is the 0-1 binary variable transformed from RCA_manu. LIC represents Logistics input
complexity. Robust standard errors are in parentheses  p< 0.1, **p < 0.05, *** p < 0.01.

Table 5. Robustness check (3) (sample change - dropping the sample of developed countries).
m @ 3) @) (5)

Variables RCA_manu RCA_manu RCA_manu RCA_manu RCA_manu
LIC 0.392%** 0.4711%%* 0.419%** 0.4711%** 0.419%**
(0.106) (0.111) (0.110) (0.035) (0.035)
GDP/capita -0.000 -0.000 -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
log(Emp) 0.228** 0.201** 0.202** 0.201%** 0.202%**
(0.087) (0.079) (0.082) (0.039) (0.039)
GVC Participation 2.967*** 3.084%** 3.109*** 3.084*** 3.109***
(0.876) (0.899) (0.905) (0.249) (0.250)
Log(GO) -0.069 -0.032 -0.035 -0.032 -0.035
(0.087) (0.079) (0.081) (0.040) (0.040)
Prod 0.028 -0.011 -0.007 -0.011 -0.007
(0.102) (0.094) (0.097) (0.044) (0.044)
KLR 0.022 0.028 0.026 0.028** 0.026**
(0.039) (0.038) (0.038) (0.013) (0.012)
Constant -3.185%** —3.197*** —3.237%** —3.197*** —3.237%**
(0.869) (0.855) (0.880) (0.330) (0.332)
Observations 4,665 4,665 4,665 4,665 4,665
R-squared 0.280 0.286 0.299 0.286 0.299
Sectors FE YES YES YES
Year FE YES YES
Sectors#Year FE YES YES

The RCA_manu is the VAX-based manufacturing RCA. LIC represents Logistics input complexity. Robust standard errors in
parentheses are clustered by sector and year in columns (1), (2), (3), sector * year in columns (4), (5). *p < 0.1, **p < 0.05,
*¥%%

p < 0.01.

developed countries from the sample, using the benchmark regression as a reference. The
results demonstrate that the regression coefficients for LIC for RCA_manu are all
significantly positive at the 1% level across all columns and larger than those obtained
in the benchmark regression. It suggests that the impact of LIC on manufacturing RCA is
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amplified when only developing countries are included in the sample, which is consistent
with our benchmark regression findings.

5.2.4. Panel quantile regression

In this specification, we further enhance the robustness of our findings by employing
panel quantile regression analysis, which allows us to investigate the impact of the
independent variables on different segments of the conditional distribution of the
dependent variable while accounting for the panel structure of the data, capturing both
cross-sectional and time-series dimensions. This approach complements our primary
regression models by providing insights into how the relationship between the variables
varies across different quantiles of the outcome variable. Specifically, we focus on the
25th, 50th (median), and 75th quantiles to capture the effects on the distribution’s lower,
middle, and upper parts.

The panel quantile regression results, presented in Table 6, reveal that the coefficients
for our key independent variable, Logistics Input Complexity (LIC), remain positive and
significant across all quantiles, indicating a consistent positive association with the
Revealed Comparative Advantage (RCA) in manufacturing. Notably, the magnitude of
the coefficients suggests that the impact of LIC on RCA is more pronounced in the
middle and upper quantiles, which may imply that the benefits of complex logistics
services are more markedly realised among higher-performing manufacturing sectors.
This finding underscores the importance of logistics in enhancing the competitiveness of
manufacturing industries, particularly for those that are more advanced and competitive
in the global market.

The consistency of the panel quantile regression results with our benchmark regres-
sion analysis provides additional evidence of the robustness of our findings. It suggests
that the positive relationship between LIC and RCA is not confined to a specific segment

Table 6. Robustness check (4) (Panel quantile regression).

Model (1) (2) (3)
Variables RCA_manu RCA_manu RCA_manu
Quantile 25% 50% 75%
LIC 0.082%** 0.282%** 0.193***
(0.016) (0.002) (0.001)
GDP/capita -0.000*** —0.000%** —-0.000***
(0.000) (0.000) (0.000)
log(Emp) 0.150%** 0.117%** 0.184***
(0.005) (0.001) (0.002)
GVC Participation 0.858*** 1.069%** 1.623%**
(0.014) (0.001) (0.007)
Log(GO) -0.0271*** 0.053%** -0.000
(0.007) (0.002) (0.002)
Prod -0.011** —0.119%** —0.115%**
(0.005) (0.002) (0.002)
KLR 0.077%** 0.074%** 0.1371***
(0.002) (0.000) (0.001)
Observations 10,095 10,095 10,095
sectors FE YES YES YES
year FE YES YES YES

The RCA_manu is the VAX-based manufacturing RCA. LIC represents Logistics input
complexity. Standard errors are in parentheses in all columns. *p < 0.1, **p < 0.05,
*exp < 0,01,
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of the manufacturing sector but is pervasive across various levels of competitiveness. This
comprehensive analysis, which accounts for potential heterogeneity in the data, further
validates our conclusions regarding the strategic role of logistics in fostering manufac-
turing competitiveness.

5.3. The domestic and foreign of LIC

As the LIC contain the aggregation output accumulated of logistic services in all
countries, we can divide the LIC into domestic and foreign groups to profoundly
investigate the effect of the two groups of LIC on manufacturing RCA. Consequently,
the domestic and foreign LIC contain the unobserved national characteristics that may
affect the manufacturing RCA. In this section, we add the country-fixed effect based on
the sector and year of fixed effects to control the national characteristics embodied in the
domestic and foreign LIC. Table 7 presents the results for the regression of the domestic
and foreign LIC for the manufacturing RCA. The results show that the coefficients of the
domestic and foreign LIC are all significantly positive at the 5% level. Specifically, we can
also see that the coefficients of domestic LIC are more significant than those of foreign
LIC. The differences between domestic and foreign groups indicate that the comparative
advantage of manufacturing industries in various countries can benefit from domestic
and foreign LIC but mainly depend on the domestic LIC.

Furthermore, we investigate the interaction effect of domestic and foreign logistics
input complexity on comparative advantage in manufacturing. From the results in

Table 7. The effect of the domestic and foreign LIC on manufacturing RCA.

(1 @) ®3) 4) (5) (6)
Variables RCA_manu RCA_manu RCA_manu RCA_manu RCA_manu RCA_manu
LIC_dome 0.314*** 0.310%** 0.355%**
(0.060) (0.062) (0.054)
LIC_foreign 0.090** 0.214*** 0.097***
(0.039) (0.048) (0.030)
GDP/capita -0.000%** -0.000*** -0.000*** -0.000***
(0.000) (0.000) (0.000) (0.000)
log(Emp) —0.504*** —0.720%** 0.267%** -0.562%** -0.762%** 0.290***
(0.061) (0.078) (0.028) (0.063) (0.078) (0.032)
GVC Participation 2.163%*** 2.212%** 2.784%** 2.136%** 2.217%** 2.776%**
(0.107) (0.114) (0.117) (0.106) (0.115) (0.116)
Log(GO) 1.569%** 1.848*** —-0.117%** 1.642%** 1.898*** -0.126***
(0.072) (0.097) (0.031) (0.076) (0.093) (0.036)
Prod -1.000%** —1.147%** 0.078** —-1.065%** —1.195%** 0.082**
(0.061) (0.074) (0.033) (0.062) (0.073) (0.036)
KLR 0.136*** 0.167%** 0.057%** 0.147%** 0.177*** 0.045%**
(0.016) (0.017) (0.017) (0.016) (0.017) (0.017)
Constant —3.997*** —-5.3071%** —-3.079%** —3.173*** —-5.169*** -2.636***
(0.499) (0.562) (0.268) (0.460) (0.533) (0.279)
Country FE YES YES
sectors FE YES YES
year FE YES YES
Country*year FE YES YES
sectors*year FE YES YES YES YES
Observations 10,095 10,095 10,095 10,095 10,095 10,095
R-squared 0.570 0.605 0.257 0.568 0.604 0.250

RCA_manu is the VAX-based manufacturing RCA. LIC_dome and LIC_foreign represent the Domestic and Foreign
Logistics input complexity. Robust standard errors in parentheses are clustered by country *sector *year in all
regressions. *p < 0.1, **p < 0.05, ***p < 0.01.
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Table 8. The interaction effect of domestic and foreign LIC.
m @) €) @ ()

Variables RCA_manu RCA_manu RCA_manu RCA_manu RCA_manu

LIC_foreign -0.508*** -0.358** -0.874%** —0.692*** -0.528***
(0.17) (0.17) (0.21) (0.17) (0.15)

LIC_dome -0.416 —-0.456 -0.869** -0.485* -0.648**
(0.33) (0.34) (0.39) (0.29) (0.26)

LIC_dome #LIC_foreign 0.140%* 0.137*%* 0.243%** 0.180%** 0.123**
(0.06) (0.07) (0.08) (0.06) (0.05)

GDP/capita -0.000%** 0.000 0.000 -0.000 -0.000%**
(0.00) () () (0.00) (0.00)

log(Emp) -0.570%** —0.775%** -0.240%** 0.361%** -0.076**
(0.08) (0.09) (0.05) (0.03) (0.03)

Log(GO) 1.671%** 1.936%** 0.871%** —-0.288*** 0.574%**
(0.09) (0.11) (0.05) (0.04) (0.04)

Prod —-1.072%** —1.214%** -0.668*** 0.254%** —-0.437%**
(0.07) (0.09) (0.05) (0.04) (0.04)

KLR 0.144%** 0.1871%** 0.269%** 0.063*** 0.050%*
(0.02) (0.02) (0.02) (0.02) (0.02)

_cons -0.533 —2.524** 0.748 0.349 1.588**
(1.04) (1.11) (1.22) (0.85) (0.79)

Country FEs YES

Sector FEs YES

Year FEs YES

Country * Year FEs YES YES

Sector * Year FEs YES YES

Country * Sector FEs YES

Observations 10,095 10,095 10,095 10,095 10,095

R-squared 0.516 0.513 0.265 0.106 0.936

F 217.465 243.439 205.479 130.686 85.004

RCA_manu is the VAX-based manufacturing RCA. LIC_dome and LIC_foreign represent the Domestic and Foreign
Logistics input complexity. Robust standard errors in parentheses are clustered by country *sector *year in all
regressions. *p < 0.1, **p < 0.05, ***p < 0.01.

Table 8, the coefficients of the interaction term of the domestic and foreign LIC are
always significantly positive at above 5%. These results suggest that the effect of domestic
logistics input complexity on comparative advantage in manufacturing will increase with
the improvements in foreign logistics input complexity. It means that at least a partially
complementary effect exists for foreign and domestic logistics input complexity on the
manufacturing RCA.

5.4. Different logistics service modes for the LIC

In this section, we deeply investigate the effect of LIC under different logistics service
modes on comparative advantage in manufacturing. As the index of logistics sectors in
the input-output tables (WIOTs) of WIOD is 31 to 35, we can divide the LIC into five
different subdivision modes, including land transport, water transport, air transport,
warehousing, and postal and courier. Based on the analyses for the effect of the domestic
and foreign LIC on manufacturing RCA in the 5.3 section, we separately estimate the
impact of the five subdivision modes of LIC in the domestic and foreign groups, whose
results are presented in Tables 9 and 10, respectively. We controlled for the influence of
invariant-time country and sector characteristics and varying-time macro fluctuation



16 L. YANG ET AL.

Table 9. The effect of LIC for five domestic logistics modes on manufacturing RCA.

(M (2 (3) 4 (5)
Variables RCA_manu RCA_manu RCA_manu RCA_manu RCA_manu
LIC_dome_31 0.283%**
(5.42)
LIC_dome_32 -0.028
(-1.19)
LIC_dome_33 0.209%**
(6.74)
LIC_dome_34 0.212%**
(5.20)
LIC_dome_35 0.092%*
(2.54)
GDP/capita —-0.000%*** —0.000%** —-0.000*** —0.000*** —0.000%**
(-8.75) (-8.94) (-8.91) (-8.76) (-8.97)
log(Emp) —-0.506*** —0.585%** —0.519%** —0.547%** —0.560%**
(-8.21) (-8.83) (-8.88) (-8.93) (-9.00)
GVC Participation 2.161%** 2.109%** 2.134%*x* 2.155%** 2.117%**
(20.48) (20.55) (20.51) (20.39) (20.42)
Log(GO) 1.574%*% 1.673%** 1.589%** 1.620%** 1.643%**
(21.37) (20.87) (22.57) (21.92) (21.89)
Prod —-1.006*** —1.089*** —1.024%** —1.042%** —1.065%**
(-16.28) (-16.47) (-17.52) (-17.07) (-17.26)
KLR 0.137%** 0.140%** 0.140%** 0.140%** 0.139%**
(8.51) (8.64) (8.68) (8.65) (8.66)
Country FEs YES YES YES YES YES
Sector FEs YES YES YES YES YES
Year FEs YES YES YES YES YES
Observations 10,095 10,095 10,095 10,095 10,095
R-squared 0.567 0.564 0.567 0.566 0.565
F 259.776 242.386 267.650 257.601 253.510

RCA_manu is the VAX-based manufacturing RCA. LIC_dome_31-35 represent domestic Logistics input complexity for five
modes (land transport, water transport, air transport, warehousing, and postal and courier, respectively). Robust
standard errors in parentheses are clustered by country *sector *year in all regressions. *p < 0.1, **p < 0.05, ***p < 0.01.

factors on the dependent variables through fixed effects for country, sector, and year in
both groups of five logistic services modes regressions.

The results in Tables 9 and 10 show that the coefficients of the five different subdivision
modes of LIC (including domestic and foreign groups) in all columns except those of
column (2) in Table 8 are significantly positive at above 5%. It suggests that the effects of
the four logistics service modes in both groups, except for domestic water transport, are
considerable. The results give us some surprise, but we believe that it is reasonable after
profoundly thinking about the characteristics of the domestic water transport in the produc-
tion chain, which is different from other logistics services modes in two groups. Specifically,
domestic water transport serves bulk cargoes, mainly in the production chain of simple
manufacturing products, compared to other logistics service modes. Hence, the effect of the
input complexity of the domestic water transport for the production chain of manufacturing
exports is not considerable. In addition, we find the coefficients of the domestic group more
significant than the foreign group, indicating that each country’s manufacturing export
competitiveness mainly depends on the domestic logistics input complexity.
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Table 10. The effect of LIC for five foreign logistics modes on manufacturing RCA.
m @ ®3) @ ()

VARIABLES RCA_manu RCA_manu RCA_manu RCA_manu RCA_manu
LIC_foreign_31 0.002%**
(7.32)
LIC_foreign_32 0.0071%**
(9.06)
LIC_foreign_33 0.002%**
(7.73)
LIC_foreign_34 0.002%**
(6.78)
LIC_foreign_35 0.0071%**
(6.04)
GDP/captia -0.000%** -0.000%** -0.000%** -0.000%** -0.000%**
(-9.12) (-9.12) (-9.14) (-9.12) (-9.12)
log(Emp) -0.566%** -0.568%** -0.567%** -0.566%** -0.567*%**
(-9.01) (-9.03) (-9.03) (-9.00) (-9.02)
GVC Participation 2.122%** 2.122%** 2.127%** 2.122%** 2.122%**
(20.43) (20.43) (20.42) (20.43) (20.42)
Log(GO) 1.654%** 1.657%** 1.656%** 1.654%** 1.656%**
(21.69) (21.70) (21.71) (21.70) (21.69)
Prod -1.070%** -1.072%** -1.071%** -1.070%** -1.072%**
(-17.05) (-17.07) (-17.06) (-17.05) (-17.07)
KLR 0.139%** 0.140%** 0.140%** 0.139%** 0.139%**
(8.60) (8.61) (8.61) (8.59) (8.60)
Country FEs YES YES YES YES YES
Sector FEs YES YES YES YES YES
Year FEs YES YES YES YES YES
Observations 10,095 10,095 10,095 10,095 10,095
R-squared 0.565 0.565 0.565 0.565 0.565
F 242.424 242583 242984 242478 242334

RCA_manu is the VAX-based manufacturing RCA. LIC_foreign_31-35 represent foreign Logistics input complexity for five
modes (land transport, water transport, air transport, warehousing, and postal and courier, respectively). Robust standard
errors in parentheses are clustered by country*sector*year in all regressions. *p < 0.1, **p < 0.05, ***p < 0.01.

6. Discussion

Our study advances the understanding of logistics’ role in manufacturing competitive-
ness within Global Value Chains (GVCs) by introducing the Logistics Input Complexity
(LIC), which captures the intricate structural characteristics of logistics services within
manufacturing sectors. This novel metric extends the work of S. Park (2020) and Yang
et al. (2022), who previously introduced the concept of Logistics Input Intensity (LII).
While LIT focuses on the quantitative aspect of logistics inputs, our LIC measure delves
deeper into the qualitative complexity of these inputs, providing a more nuanced under-
standing of their role in manufacturing competitiveness.

Our findings complement the work of Antras et al. (2012) and Fally (2012), who have
emphasised the importance of production staging and the length of production chains in
global manufacturing. Our research adds to this by quantifying the complexity of
logistics inputs and demonstrating its impact on manufacturing RCA, offering new
insights into the strategic importance of logistics in the global production network.

The novelty of our work lies in developing the LIC measure and applying an input-
output model to analyse the role of logistics services in manufacturing competitiveness
within the GVC framework. Our findings challenge the traditional view of logistics as
a simple input factor and position it as a complex, multifaceted service that significantly
influences manufacturing’s ability to compete in the global market.
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Our research on logistics input complexity (LIC) and its impact on manufacturing
comparative advantage has implications for firm-level decision-making and policy for-
mulation. Firms can optimise their supply chain strategies by aligning with the complex-
ity of logistics services, making informed investment decisions in the context of GVCs,
and innovating in services development to leverage logistics as a comparative advantage.
Policymakers can inform infrastructure development, shape trade policies, and reform
regulatory environments to enhance the efficiency and competitiveness of logistics
services, thereby supporting the manufacturing sector.

7. Conclusions

Our study affirms the pivotal role of Logistics Input Complexity (LIC) as a determinant of
comparative advantage in the manufacturing sector. By examining the intricate structural
characteristics of logistics services within manufacturing, we have revealed how these
complexities can significantly bolster a country’s competitive stance in the global market.

Drawing from our empirical analysis, we present the following conclusions:

(1) The Complexity of Logistics Services: Policymakers are encouraged to recognize
the complexity of logistics services as a key differentiator in manufacturing competitive-
ness. Our findings indicate that sophisticated logistics services can enhance the com-
parative advantage of the manufacturing sectors.

(2) Complementarity Between Domestic and Foreign Logistics Services: We dis-
covered a complementary effect between domestic and foreign components of LIC on
manufacturing competitiveness. This suggests that a cohesive strategy leveraging both
domestic and international logistics capabilities can lead to a synergistic enhancement of
a country’s manufacturing advantage.

(3) Heterogeneity in Logistics Service Modes: The subdivision of LIC into various
modes revealed that, except for domestic water transport, all other logistics modes
significantly contribute to comparative advantage. This highlights the need for tailored
approaches that acknowledge the distinct functional attributes of different logistics
service modes.

Based on these conclusions, we propose the following policy recommendations:

(1) Integration of Logistics and Manufacturing: Policymakers should foster deeper
integration between logistics and manufacturing sectors to develop production service
chains that can elevate overall competitiveness.

(2) Synergy in Domestic and Foreign Logistics Services: Policies should be designed
to create synergy between domestic and foreign logistics services, aiming to enhance the
global competitiveness of the manufacturing sector.

(3) Precision Matching of Logistics Modes: It is crucial to identify the functional
characteristics of different logistics service modes and match them accurately with
various manufacturing production chains to optimize resource allocation and produc-
tion efficiency.

However, the study’s limitations, particularly the lack of firm-level data, prevent
a detailed analysis of logistics” functional tasks across the manufacturing supply chain.
Future research should consider adopting a logistics service chain perspective and
integrating complex network analysis to measure and characterise the complexity of
logistics services within manufacturing sectors. This approach would offer a more
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nuanced understanding of logistics’ role in the “smiling curve” of value chains,
identifying key stages where logistics complexity contributes most to manufacturing
competitiveness and providing targeted insights for logistics service providers to
optimise operations and enhance the comparative advantage of manufacturing
industries.
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Appendices

Appendix A. Countries and codes covered in this paper

Code Country Code Country Code Country Code Country
AUS Australia DNK Denmark ITA Italy PRT Portugal

AUT Austria ESP Spain JPN Japan ROU Romania

BEL Belgium EST Estonia KOR Republic of Korea RUS Russian Federation
BGR Bulgaria FIN Finland LTU Lithuania SVK Slovakia

BRA Brazil FRA France LUX Luxembourg SVN Slovenia

CAN Canada GBR United Kingdom LVA Latvia SWE Sweden

CHE Switzerland GRC Greece MEX Mexico TUR Turkey

CHN China HRV Croatia MLT Malta TWN Taiwan, China
cYp Cyprus HUN Hungary NLD Netherlands USA United States
CZE Czech Republic  IDN Indonesia NOR Norway

DEU Germany IRL Ireland POL Poland

Appendix B. Manufacturing (sec 5-22) and Logistics sectors (sec 31-35)
covered in this paper

Sec # Descriptions

5 Manufacture of food products, beverages and tobacco products

6 Manufacture of textiles, wearing apparel and leather products

7 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw
and plaiting materials

8 Manufacture of paper and paper products

9 Printing and reproduction of recorded media

10 Manufacture of coke and refined petroleum products

1 Manufacture of chemicals and chemical products

12 Manufacture of basic pharmaceutical products and pharmaceutical preparations

13 Manufacture of rubber and plastic products

14 Manufacture of other non-metallic mineral products

15 Manufacture of basic metals

16 Manufacture of fabricated metal products, except machinery and equipment

17 Manufacture of computer, electronic and optical products

18 Manufacture of electrical equipment

19 Manufacture of machinery and equipment n.e.c.

20 Manufacture of motor vehicles, trailers and semi-trailers

21 Manufacture of other transport equipment

22 Manufacture of furniture; other manufacturing

31 Land transport and transport via pipelines

32 Water transport

33 Air transport

34 Warehousing and support activities for transportation

Postal and courier activities
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