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Abstract

While the deployment of technological innovation was able to avert a devastating global supply
chain fallout arising from the impact of ravaging Coronavirus Disease 19 (COVID-19) pandemic,
little is known about potential environmental cost of such achievement. The aim of this paper is to
identify the determinants of logistics performance and investigate its empirical linkages with eco-
nomic and environmental indicators. We built a macro-level dataset for the top 25 ranked logistics
countries from 2007 to 2018, conducting a set of panel data tests on cross-sectional dependence,
stationarity and cointegration, to provide preliminary insights. Empirical estimates from Fully
Modified Ordinary Least Squares (FMOLS), Generalized Method of Moments (GMM), and Quan-
tile Regression (QR) models suggest that technological innovation, Human Development Index
(HDI), urbanization, and trade openness significantly boost logistic performance, whereas employ-
ment and Gross Fixed Capital Formation (GFCF) fail to respond in such a desirable path. In turn,
an increase in the Logistic Performance Index (LPI) is found to worsen economic growth. Finally,
LPI exhibits a large positive effect on carbon emissions, which is congruent with a strand of the
literature highlighting that the modern supply chain is far from being decarbonized. Thus, this

evidence further suggests that more global efforts should be geared to attain sustainable logistics.

Keywords: logistics performance; green supply chain management; economic growth; CO»

emissions; panel data; quantile regression.
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1. Introduction

Logistics is the backbone of the global economy as it drives the supply of products connecting
them with consumers worldwide (Liu ef al., 2018). To this extent, logistics plays a growing role
in organizations that seek to adapt to market changes and supply chain integration over the long-
run (Meade and Sarkis, 1998). Logistics refers to the overall process through which resources are
acquired, stored, and transported to their destination. It involves distributors and suppliers selected
based on their effectiveness, accessibility, and prices. To this extent, the logistics sector aims at
maintaining a regular movement of goods that require planning processes, managing workers, and
organizing the supply of merchandises in a structured and systematic manner (Yazdani et al.,
2020). In the literature, it corresponds to the set of integrated activities including freight transport,
inventory storage and management, material handling, and information processing that require
moving products through efficient supply chain processes (Martel and Klibi, 2016).

Resulting from the elevated combustion of fossil fuels, Greenhouse Gases (GHG) are directly
released in the atmosphere, causing harmful damages for health and the environment on the long-
run (Zhang et al., 2011; Magazzino et al., 2020b, 2021c). Particularly, it has been shown that
logistics operations represent a key contributor to environmental degradation, covering 22% of
world carbon dioxide (CO2) emissions in 2014 (United Nations, 2014; Khan ef al., 2018a, 2018b).
Calling for urgent environmental measures, a transition towards a Green Supply Chain (GSC) is
deemed desirable. Otherwise, CO; emissions from transport activities could increase by 60% be-
fore 2050 (and by 160% from global freight alone) (OECD, 2017). On the other hand, there is no
doubt that logistics is a significant driver of employment, consumption, and economic develop-
ment. Facing this paradox, this paper extends the literature. Through key channels, it asks whether
logistics operations may achieve both economic and environmental targets. Notwithstanding, this
research seeks to draw further insights on how to balance profitability and environmental preser-
vation in a single objective for the logistics sector.

Unquestionably, like energies, logistics activities are essential for the economy as they share
vital economic linkages with employment and economic growth (WEF, 2014; Wang and Tang,
2018; Magazzino and Schneider, 2020). Inversely, poorly managed, inefficient logistics operations
increase the operational and capital costs associated with under-utilization and waiting time (Kal-
lionpaa et al., 2015; Windmark and Andersson, 2015). At the firm level, such performance finds

explanations in the logistics (inter and intra) organization, and it has been corroborated by several
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papers (Flynn et al., 2010; Vaccaro et al., 2010; Christopher, 2016). From an international per-
spective, the globalization process has extended the scale of competitiveness and set outsourcing
as a clear competitive edge for firms. This has affected territories and operating systems, while
providing also important export opportunities (D’Aleo and Sergi, 2017; 2020a). Consequently, it
represented 10 million jobs in the European Union (EU) in 2011, covering 4.5% and 4.6% of total
employment and aggregate income, respectively (European Commission, 2011). Meanwhile, lo-
gistics operations induce adverse effects on the environment. Indeed, the huge involvement of
transportation and long lead-time depends on fossil fuel whose combustion generates toxic emis-
sions (Khan et al., 2016a; Khan et al., 2019). Thus, lacking fuel-efficient activities and green prac-
tices may threaten the sustainability of the whole sector, calling for the design of new supply chain
networks (Memari et al., 2016).

In response to this economic-environment paradox, a growing trend of research has arisen
around the concept of Green Logistics (GL) (Ostrom, 2008; Palsson et al., 2013). It aims to supply
goods in a sustainable manner, while not hindering the long-run economic performance of firms
(Neto et al., 2009; Dekker et al., 2012). The concept of GSC can be traced back to Rao and Holt
(2005), later extended with a framework proposed in Carter and Rogers (2008). However, a well-
known limit remains: the economic profitability constitutes the foreground objective for firms, far
in front of environmental concern' (Pagell and Shevchenko, 2014). This obstacle can be overcome
by building a “green” competitive advantage based on environmental-friendly practices, more
adapted to the current climate issues. While creating new export and profit opportunities, sustain-
able procedures may improve economic efficiency and answer the new consumption behaviours
(notably in advanced countries) (Zelbst et al., 2010; Green et al., 2012; Khan et al., 2018a, 2018b).
In addition, the way materials are handled, information is processed, and inventory are stored is
the subject of crucial discussions (Li et al., 2018). Also, key leverages (tax, import duties, and
subsidies implemented by regulatory institutions) are heavily discussed to ensure a transition from
logistics to environmental performance. For instance, it can be the case of targeted subsidies for
firms that incorporate biofuels and renewable sources of energy in their logistics process (Li,
2014). Besides, Green Supply Chain Management (GSCM) is also a key area in which circular

business models can operate as they could cover the reverse effects of logistics (this includes:

! Until recently, cost minimization strategies were at the core of freight transportation attention (Crainic, 2000,
Forkenbrock, 2001).
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waste recycling, disposal, and landfills as well as energy recovery) (Yu et al., 2018). Up to now, a
range of manufacturing firms have started such transitions (notably in Asia: Boonchai and Beeton,
2016; Xue et al., 2018), although there is a large room for improvements. Representing a fruitful
research direction, a literature’s domain has emerged on that topic and displayed seminal contri-
butions. Accordingly, the major motivation of this study stands as follows: starting by evaluating
the macroeconomic drivers (innovation, infrastructure, education, employment, and capital) of lo-
gistics, it appears appropriate to assess their resulting impact on economic growth and environ-
mental pollution.

Looking at the most recent literature, a first strand of the literature investigated the linkages
among logistics performance and economic growth, often including trade (Coto-Millan et al.,
2013; Marti et al., 2014; Celebi et al., 2015; Khan et al., 2017a, 2017b; Munim and Schramm,
2018; Sharipbekova and Raimbekov, 2018; Tang and Abosedra, 2019; Tongiir et al., 2020). Under
the current context of just-in-time production systems, improving the logistics operations (in terms
of border management, quality of services, and tracking of products) reduces the cost of delivery
whilst strengthening its reliability and predictability (Munim and Schramm, 2018). Undoubtedly,
this has direct effects on the firms’ market shares and profits, turning into employment and income
growth. A second group of recent macro-level studies relied on LPI data to analyze the nexus
between green logistics operations and environmental sustainability (Khan and Qianli, 2017; Za-
man and Shamsuddin, 2017; Khan et al., 2018a; Liu et al., 2018; Lu et al., 2018; Khan et al., 2019;
Khan, 2019), using CO, emissions as the main proxy for environmental damage. Finally, a range
of papers examined the macroeconomic drivers of logistics performance (Guner and Coskun,
2012; Marchet et al., 2016; Wang and Tang, 2018), but it remains scarce, and empirical findings
are controversial. Calling for further quantitative experiments at the global scale, this paper is in-
novative as it makes a bridge between these three strand of literatures.

While the productivity role of technologies into the supply chain has been well documented
(Will and Blecker, 2012; Wong et al., 2015; Gunasekaran et al., 2017), its linkages with income
and CO» emissions appear somehow overlooked. Obviously, innovation has drastically modified
the trade patterns by upgrading the logistics competence (Lee, 2004; Cheng-Min and Chien-Yun,
2006). Taking the form of data exchange, automated handling systems, but also digital order pro-
cessing and material management (Wang and Tang, 2018), this has provided a better visibility of

goods movements, reducing the operating and transaction costs for the firms, while increasing
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their demand for electricity. In addition, innovation could play a valuable role in the transition
towards a GSC. Undeniably, investing in cleaner technologies may help implementing GSCM
practices along the production process. This could not only reduce the environmental externalities
but also boost the firms’ profitability in the long-run by building a singular competitive edge (Rao
and Holt, 2005). For that reason, innovation stands at the heart of the concept of “Green Corridor”.
Developed through seminal papers (Demir et al., 2014, Khan et al., 2016a, 2016b), it aims at con-
trolling the environmental related factors which affect the consumption of fuel. While firm-level
analyses on the innovation-logistics performance nexus can be found in the literature (Lin et al.,
2010; Cosimato and Troisi, 2015; Piyachat, 2017; Ganesh Kumar and Ashlin Nimo, 2020), macro-
level evidence is scarce and needs further inquiries.

Finally, there is a deficit of infrastructure-related insights. Tightly linked to the modern trade
processes, networks, and public infrastructure systems (ports, airports, and rail) are important to
build a strong supply chain (Limao and Venables 2001; D’Aleo and Sergi, 2017; Wang and Tang,
2018). Nonetheless, their economic and environmental roles remain unclear from a global per-
spective. On one hand, well-qualified facilities and related services helps to develop a logistics-
friendly environment, which in turn improves income and is congruent with the growth theory
(Vilko et al., 2011). On the other hand, expanding the infrastructure’s quality for logistics purposes
also means developing Information and Communication Technology (ICT) and vehicles, which
are critically dependent on energy. In both cases, there is a point in asking whether this may ad-
versely affect the level of carbon emissions at a global scale. Finally, careful attention should be
paid to human capital. It has been established that education is positively associated with income
which, in turn, might affect the consumption of energy-intensive goods (Fang and Chang, 2016;
Salim et al., 2017; Yao et al., 2019; Wang et al., 2020). Hence, one can relevantly ask whether
logistics performance is sensitive to human capital, and in which way this could strengthen the
implementation of GSC practices. Yet, related statistics are available and allow for such challeng-
ing examinations.

In sum, this paper seeks to contribute to the literature in four ways. First, to our knowledge, this
study is the first to create a connection between the technological determinants of logistics perfor-
mance and their resulting economic and environmental effects from an international perspective.
Through key channels, it asks whether innovation can both enhance logistics operations and CO»

emissions reduction. Second, this research shed a novel light on infrastructure and human capital
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as a potential contributing factor to the economic and environmental performance-related logistics.
Following Wang and Tang (2018), the perceivable importance of these two factors may comple-
ment technology, employment, and capital to improve logistics, with direct observable effects on
income and CO; emissions. Third, providing an international perspective on SCM, this paper per-
forms a macro-level analysis on the top 25 logistics countries ranked by the 2018 World Bank
classification. In using nationwide indicators into a global dataset, this study could consistently
derive factors affecting logistics from their associated economic and environmental roles, while
bringing meaningful insights on national settings. Fourth and finally, from a methodological point
of view, this paper contrasts to previous ones as it adopts several recent panel data econometric
techniques.

This study empirically examines the dynamic association among technological innovation, in-
frastructure, education, employment, Gross Fixed Capital Formation (GFCF), logistics perfor-
mance, economic growth, and CO; emissions. Trade openness and urbanization are also included
in the multivariate framework. We collected macro-level data on the top 25 ranked logistics coun-
tries worldwide and over the 2007-2018 period. Applying a set of panel data econometric tech-
niques (cross-section dependence tests, unit root tests, cointegration tests), the complete causality
testing framework comprises three distinct panel data estimators: Generalized Method of Moments
(GMM), Fully Modified Ordinary Least Squares (FMOLS), and Quantile Regressions (QR). The
selection of the estimators is thought to ensure consistent findings: GMM represents a very com-
mon strategy to analyze dynamic panel data with N > T; FMOLS was designed to provide optimal
estimates of cointegrating relationship; QR express the conditional quantiles of a dependent vari-
able as a linear function of the explanatory variables, allowing us to conduct non-parametric ro-
bustness checks of the parametric estimates. Associated findings are thought to provide important
guidance to firms’ managers, stakeholders, and policymakers in search of practical solutions to
economic and environmental challenges in the logistics sector.

The rest of the paper is organized as follows. Section 2 presents the relevant literature. Section
3 describes the data and the empirical methodology. Section 4 displays and discusses the empirical

results. Section 5 gives concluding remarks, while Section 6 suggests some policy implications.

2. Literature review
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The literature related to supply chain is abundant. Given the explicit aim of this paper, this survey
is divided into three components. The first focuses on the relationship between logistics perfor-
mance and economic growth. The second concentrates on the linkages between logistics operations
and environmental sustainability. The third considers the underlying nexus between innovation
and logistics performance. Lastly, empirical gaps are highlighted and our research contribution is

proposed.

1.1. Logistics performance and growth
Within the context of supply chain, the relationship between LPI and the international economy
has been the subject of intense discussions (Celebi, 2019). Coto-Millan et al. (2013) employed a
global aggregate production function to capture the effect of LPI on world economic growth. Col-
lecting data from 2007 to 2012, they estimated that a 1% rise in the LPI index induces an increase
of the world economic growth ranging between 0.011% and 0.034%. Marti et al. (2014) used a
gravity model finding that improvements in any of the components of the LPI are positively asso-
ciated with trade flows, and highlighting that the efficiency and quality of logistics operations do
matter. Celebi ef al. (2015) confirmed that Foreign Direct Investment (FDI) plays a mediator role
in the LPI-economic growth nexus. Khan ef al. (2017a) collected LPI and GDP data for 15 selected
global ranked logistics countries showing that logistics competence and infrastructure boost eco-
nomic growth and sectoral value added. Munim and Schramm (2018) considered 91 countries with
seaports and inspected the economic effect of seaborne trade, from a port infrastructure quality
and logistics performance perspective. Findings demonstrated that the quality of port infrastructure
contributes to a better logistics performance. Based on Commonwealth and Independent States
(CIS) countries, Sharipbekova and Raimbekov (2018) highlighted that LPI and economic indica-
tors share closed linkages, which is congruent with Tang and Abosedra (2019). Indeed, they con-
cluded that the export-led growth hypothesis is confirmed for 23 Asian countries. Tightly linked
to this view, using disaggregated exports data for Turkish trade with 174 countries, Tonglir et al.
(2020) ended up to the same conclusion using a gravity model. More recently, Goel ef al. (2021)
explored the nexus between supply chain performance and economic growth, with a specific focus
on the implications for public policy and COVID-19 initiatives. Based on data collected for 130
economies, findings suggested that improving supply chain logistics per formance imply positive
growth. Similarly, Janjua et al. (2021) employed a univariate time series forecasting model and

investigated the impact of COVID-19 pandemic on logistics performance and economic growth in

8
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Thailand. Results confirmed the strong connections between these two indicators, notably through
the channel of tourism flows, predominant in Thailand’s GDP. Sergi et al. (2021) assessed the
causal relationship between logistics performance and selected factors in the Global Competitive-
ness Index (GCI), which were grouped into three clusters: infrastructure, human factor, and insti-
tutions, with data covering Africa, Asia, and the EU. Evidence drawn from the ANOV A method
claim that improving all three clusters increase efficiency, although human factor plays a predom-

inant role.

1.2. Assessing the empirical relationship between logistics operations and environmental sus-
tainability
A strand of the literature discusses the empirical linkages among logistics performance, economic
performance, and economic degradation with a macro-level approach. Most of these studies relied
on the LPI data provided by the World Bank in 2007. Hence, one well-known drawback is that the
short data period has constrained the researchers to rely on a large panel of countries.

Above all, Khan and Qianli (2017) inspected the interactions between environmental indicators
on green logistics (GHG emissions, fossil fuel, and renewable energy) and national scale economic
variables (FDI inflows, per capita income) for the United Kingdom (UK). Employing an Auto-
Regressive Distributed Lag (ARDL) bounds model, findings supported the existence of a positive
relationship between green logistics and renewable energy, while a negative association between
green logistics and fossil fuels is established. Besides, FDI inflows, renewable energy sources, and
per capita income are found to positively impact logistics activities. Khan ez al. (2018a) built a
heterogeneous sample of 43 economies (low-, middle-, and high-income countries). Results of the
GMM model highlighted that logistics operations induce an important amount of carbon emis-
sions, indicating that the logistics sector remains highly dependent on fossil fuels. This elevated
consumption of non-renewable energy results in adverse effects on economic growth. Inversely,
shifting from fossil to renewable sources of energy positively impacts economic growth process.
Furthermore, Liu et al. (2018) studied the nexus between logistics performance and CO» emissions
for 42 Asian countries. They applied a GMM regression model with data covering the 2007-2016
period. The estimates claimed evidence that logistics performance and environmental indicators

are closely related in Asia. Indeed, an inefficient frequency with which shipments reach consignees
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within scheduled or expected delivery times increases CO2 emissions, while improving interna-
tional shipment in LPI significantly lowers environmental pollution. This corroborates the role of
other sub-LPI (tracking and tracing, services quality and competence, infrastructure quality, and
efficiency of customs), which showed a strong mitigating impact on pollution.

Zaman and Shamsuddin (2017) extended this analysis to 27 European countries and investi-
gated the effect of logistics performance on three sets of indicators (i.e., energy, environment, and
economic health). With data covering the 2007-2014 period, three distinct GMM estimations have
been performed: the effect of logistics performance indicators on energy variables, environmental
variables, and health variables. Empirical findings indicated heterogeneous effects with respect to
the logistics indicator used. Overall, boosting logistics international shipments increases fossil fuel
energy. Along with the multiplication of LPI’s utilizations, Lu ef al. (2019) assessed the causal
linkages among oil consumption from transportation, logistics performance, and CO; emissions
from transportation, building a relevant Environmental Logistics Performance Index (ELPI) for a
sample of 112 countries. The main finding is that ELPI is strongly correlated with LPI, indicating
that countries with high logistics performance display high levels of ELPI (especially for advanced
economies). Khan et al. (2019) applied GMM and Feasible Generalized Least Squares (FGLS) to
examine the association between green logistics operations, social, environmental, and economic
indicators for 8 South Asian Association for Regional Cooperation (SAARC) countries. Empirical
findings revealed that fossil energy consumption drives environmental pollution, while logistics
performance mitigates CO» emissions, GHG emissions, health expenditure, and political instabil-
ity. Khan (2019) showed that poverty and logistics operations have a significant positive relation-
ship with environmental degradation for the Association of Southeast Asian Nations (ASEAN)
countries. Focusing on the feedback channel for the same case study, Khan ez al. (2020a) demon-
strated that lower levels of CO2 emissions improve economic growth, while the use of renewable
energy in logistics operations is found to improve economic and environmental performance.

Lastly, Khan et al. (2020b) identified the interconnections between CO; emissions, renewable
energy consumption, energy demand, GDP per unit of energy use, FDI, and logistics for 42 se-
lected global ranked countries. OLS findings underlined that logistics performance is positively
associated with FDI, renewable energy consumption and energy demand, while it is found to mit-

igate CO, emissions. Suki et al. (2021) explored the effect of logistics performance on economic
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and environmental indicators. Findings derived from the Cross-Sectionally augmented Auto-
Regressive Distributed Lag (CS-ARDL) model applied on top 15 Asian countries over the 2010-
2018 period show that logistics activities trigger economic growth, and lower carbon emissions.
Liet al. (2021) analyzed the growth and environmental effects of green logistics performance for
One Belt and Road Initiative (OBRI) countries over the period 2007-2019. GMM results display
significant positive impacts on economic growth for OBRI, Europe and Middle East and North
Africa (MENA) economies, whereas environmental quality is improved in Europe and East and
Southeast Asian regions only. In Larson (2021), the nexus between logistics performance and di-
mensions of sustainability is examined for 160 countries for the year 2016. Results concluded that
a healthy, educated population, equality, good governance, and reasonable income distribution are
associated with higher levels of logistics performance. Nonetheless, logistics activities fail to re-
duce pollution emissions, and still represent a threat to sustainability in its current form. Overall,
Sohail et al. (2021) explored the asymmetric impact of air-railway transportation on environmental
pollution in Pakistan using annual time series data covering the 1991-2019 period. Results showed
that that 1% increase in air passenger carried (railway passenger carried) enhances environmental
pollution by 0.21% (0.32%) in the long-run, providing insights for the green transportation man-

agement in Pakistan. Table 1 summarizes the most recent papers related to this relevant literature.

Table 1: Summary of previous empirical studies on the relationship between logistics perfor-

mance, economic and environmental indicators.

Authors Sample Data Period Methodology Variables Results
Khan and UK 1981-2016 ARDL Green Logistics, GHG emissions, GL—RE and
Qianli fossil fuel, and renewable energy, (FDI, RE,
(2017) FDI inflows, per capita income Y)—GL
Zaman 27 Euro-  2007-2014 GMM LPI, FDI, industry value added TLPIST—-1(Y,
and pean and 7 distinct independent varia- HE);
Shamsud-  countries bles (GDP per unit of energy use,  tLPIQTTI—1RE;
din energy price and renewable energy ~ {LPICCP— |EP;
(2017) consumption; fossil fuel energy TLPITTC—1FE;

consumption, CO, emissions; per TLPIQLS—1C;
capita health expenditure, per cap- TLPICPS—1FE

ita GDP)
Khanet 43 coun-  2007-2013 OLS, FE, LPI, energy demand, renewable TFE—1LPI and
al. tries RE, GMM energy demand, fossil fuel energy TRE—|Y
(2018a) consumption, per capita GDP,

health expenditure, GHG emis-
sions, CO, emissions, FDI, indus-
try and agriculture value added,

11
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export and import of goods and
services

Liuetal. 42 Asian  2007-2016 GMM LPI, trade openness, CO, emis- 1LPI—|C and
(2018) countries sions, urbanization, industrializa- ~ 1(TO, URB)—1C
tion
Luetal. 112 coun- 2010-2018 RAM-DEA  Environmental LPI, Oil consump- 1LPI—1ELPI
(2019) tries tion from transportation, LPI, CO»
emissions from transportation
Khan et SAARC 2001-2016  GMM, FGLS LPI, fossil fuel and renewable en- TFEC—1C,
al. (2019)  countries ergy consumption, health expendi-  |LPI—1(C, HE,
ture, CO, emissions, GHG emis- GHG, PII),
sions, political instability index, TLPI-1(TO, Y)
social globalization index, trade and 1LPI—|C
openness, GDP per capita, FDI,
agriculture value added, industry
value added
Khan ASEAN  2007-2018 GMM OLPI, CO; emissions, GDP, 1(LPIL, P)—>1C
(2019) countries health expenditure, poverty
Khan et ASEAN 2007-2018 Structural LPI, CO; emissions, GHG emis- TLPI—>1Y
al. countries Model sions, renewable energy consump- 1C—-1Y,
(2020a) tion, health expenditure, FDI, THE—|C and
trade openness THE—-]Y
Khan et 42 coun-  2007-2018 OLS OLPI, CO, emissions, renewable TLPI—-1(FDI,
al. tries energy consumption, energy de- REC, ED) and
(2020Db) mand, GDP per unit of energy use, TLPI—|C
FDI
Suki et 15 Asian 2010-2018 CS-ARDL LPI, capital, labor, urbanization, TLPI—>1Y and
al. (2021)  countries GDP, CO; emissions TLPI—|C
Liet al. OBRI 2007-2019  2SLS, GMM Green logistics, Industry value- TLPI—-1Y (OBRI,
(2021) countries added, fossil fuel consumption, Europe and
agriculture value-added, FDI, CO» MENA econo-
emissions mies) and
1LPI— |C (Eu-
rope and East and
Southeast Asian
regions)
Larson 160 coun- 2016 OLS LPI, GDP, GHG, employment, en- T(EMP, ID, EDU,
(2021) tries ergy use, 10-year change in forest GE, H) —»1LPI
area, income distribution, educa- and T1LPI-1(Y,
tion, gender equality, health O
Sohail e#  Pakistan 1991-2019 N-ARDL GDP, CO; emissions, air passen- TN(APC, RPC)
al. (2021) ger carried, railway passenger car- —1C

ried, population

Source: our elaborations.

Notes: APC: Air passenger carried; C: CO, emissions; ED: Energy demand; EDU: Education; EMP: Employment;
EP: Energy price; FDI: Foreign Direct Investment; FE: Fossil energy consumption; GE: Gender equality; GHG:
Greenhouse gas emissions; GL: Green logistics; H: Health; HE: Health expenditures; ID: Income distribution; LPI:
Logistics performance indexes; OLPI: Overall Logistics performance index; LPIST: Logistics performance index
measuring the frequency with which shipments reach consignee within scheduled or expected time; LPIQTTI: Logis-
tics performance index measuring the quality of trade and transport-related infrastructure; LPICCP: Logistics perfor-
mance index measuring the efficiency of customs clearance process; LPITTC: Logistics performance index measuring
the ability to trace and trace consignments; LPIQLS: Logistics performance index measuring the competence and
quality of logistics services; LPICPS: Logistics performance index measuring the ease of arranging competitively
priced shipments. OBRI: One Belt and Road Initiative. P: Poverty; PII: Political Instability Index; REC: Renewable
energy consumption; RPC: Railway passenger carried; TO: Trade openness; URB: Urbanization; Y: economic growth.
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Methodologies: 2SLS: 2 Stages Least Squares; ARDL: Auto-Regressive Distributed Lag; CS-ARDL: Cross-Sec-
tionally augmented AutoRegressive Distributed Lag; FE: Fixed Effects; FGLS: Feasible Generalized Least Squares;
GMM: Generalized Method of Moments; N-ARDL: Non-Linear AutoRegressive Distributed Lag; OLS: Ordinary
Least Squares; RAM-DEA: Range-Adjusted Measure of the Data Envelopment Analysis; RE: Random Effects.

2.3. Innovation and logistics performance
Mostly with a micro approach, a stream of the literature explored the innovation-logistics perfor-
mance relationship using surveys. Lin et al. (2010) addressed the drivers of innovation in channel
integration in Supply Chain Management (SCM). Based on the analysis of 317 Taiwan qualified
high tech manufacturers, market orientation is significantly related to embedding operant resources
and resource integration. Piyachat (2017) inspected the relationships among resources’ commit-
ment, reverse logistics innovation, reverse logistics performance, and reverse logistics cost sav-
ings. Empirical results showed evidence of a positive association between reverse logistics inno-
vation and reverse logistics performance. This corroborates Richey et al. (2005) and Huang and
Yang (2014), supporting the idea that innovation requires time and resources.

Cosimato and Troisi (2015) considered the DHL company as a case study and concluded that
eco-innovation along the supply chain can reduce its associated environmental impact while im-
proving competitiveness and the global logistics performance. Nonetheless, as reminded in Lin
(2007) for China, the adoption of innovative technologies in the logistics sector itself is subject to
be highly dependent on the quality of human resources and government support, but also environ-
mental uncertainty. Recently, Ganesh Kumar and Ashlin Nimo (2020) elaborated a conceptual
framework for reverse logistics performance and innovation. Arbolino et al. (2017) examined
whether the EU regulation on GHG emissions from road transport has induced a policy transfer
process. Italian-related estimations showed that northern cities are more actively drawing policy
lessons. Therefore, the processes of policy transfer may imply heterogeneous effects across cities
and regions. One possible reason is that large cities are more likely to be internationally connected
than small municipalities. Using a spatial approach to the Italian regions, Barilla et al. (2020)
investigated the main variables affecting the Total Factor Productvity (TFP) in the transport and
logistics sectors. They collected data covering the 2007-2015 period, estimating a regional pro-
duction function. Findings suggested that, in the different Italian regions, a high resilience capacity

characterizes the logistics sector. Thus, innovation in the logistics industry can be considered cru-
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cial in driving regional exports. Moldabekova et al. (2021) attempted to underline the role of In-
dustry 4.0 in improving logistics activities and inspected the effect of digitalization on logistics
performance. Results suggested that improving the generation of human capital, a more sustainable
usage of internet services coupled with digital technologies and connectivity drive the performance
of the logistics sector. Bai ef al. (2021) inspected the effect of Organizational Learning Capacity
(OLC) on the relationship between relational embeddedness and innovation performance in freight
logistics service. Based on a sample of 236 respondents from freight logistics firms in China, re-
sults indicated that OLC and relational embeddedness both drive innovation performance. All in
all, Cordova and Coronado (2021) investigated to what extent innovations in supply chain opera-
tions may produce unexpected outcomes for firms’ strategies. By analyzing four examples of tech-
nological innovations under a Balanced Scorecard framework, conclusions highlighted that organ-
izations may have to find optimal trade-off between different dimensions of performance to reach
sustainable targets.

Here, several important observations that distinguished the current study from the literature are
highlighted. First, in terms of empirical approach, the current study implements the quantile re-
gression approach which is found to be sparsely used in the literature as implied in the aforemen-
tioned literature as well as in Table 1. The essence is that the quantile regression considers estima-
tion across the entire length of the dataset rather than mean values. Second, the literature devoted
to the macroeconomic linkages among innovation and logistics performance is much scarcer. To
the best of our knowledge, we denoted no past empirical analysis that attempted to understand the
link among innovation, logistics, and other national size indicators, although conducting further
inquiry on this topic may represent a fruitful research direction. Third, our review showed that the
logistics role of human capital and infrastructure is under-investigated. Fourth, while past studies
mostly considered large and heterogeneous samples so far, one must also notice that none of them
considered a sample of selected global ranked logistics economies. Lastly, conflicting results can
be identified in the research domain. Accordingly, this study seeks to simultaneously bridge these

above-mentioned gaps.

3. Data and Empirical Methodology
3.1. Data Collection
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To implement our empirical strategy, data for the top 25 ranked logistics countries worldwide
(WDI ranking for the year 2018) have been collected. The complete list of countries is given in
Table A (in Appendix).

The core variables are: employment, capital, education, innovation, infrastructure, logistics per-
formance, GDP, and CO» emissions. Employment data are expressed in total number (WDI, 2019).
GFCF data are expressed in constant LCU (WDI, 2019). The tertiary school enrolment (% Gross)
is used as a proxy for human capital (WDI, 2019). Innovation is proxied by the total number of
patents (all technology domains — patent applications filled under the PCT (Patent Cooperation
Treaty) — reference country: inventor’s country of residence — reference date: application date) and
taken from the OECD Patent Statistics (2020)?. Infrastructure investment data (inland total) are
expressed in % of GDP (WDI, 2019). Following Khan (2019) and Khan et al. (2020b), we relied
on the “Overall” Logistics Performance Index (LPI) that is defined as the arithmetic average of the
6 LP sub-indexes (i.e., LPITTC, LPIQLS, LPICPS, LPICCP, LPIST, and LPIQTTTI) provided by
the World Bank (2019). LPI is set up on a 1 to 5 scale (1= low to 5= high). It encompasses: 1)
LPITTC: the ability to trace and trace consignments; 2) LPIQLS: the competence and quality of
logistics services; 3) LPICPS: the ease of arranging competitively priced shipments; 4) LPICCP:
the efficiency of the customs clearance process; 5) LPIST: the frequency with which shipments
reach consignee within scheduled or expected time; 6) LPIQTTI: the quality of trade and transport -
related infrastructure. To proxy the economic performance, we use the real GDP series expressed
in constant LCU (WDI, 2019)*. Moreover, as a proxy for environmental pollution, we collected
data on CO» emissions from fuel combustion (in thousand tons) from the IEA CO, Emissions from
Fuel Combustion Statistics (2020) database®. Constrained by the availability of LPI data, the study
covers the most recent period (from 2007 to 2018), totalling 300 observations. The main infor-
mation on the data are outlined in Table 2; while the relationships tested in this study have been

pictured in Figure 1.

Table 2: Variables’ descriptions.

2 Patent data are available at: https://www.oecd-ilibrary.org/science-and-technology/data/oecd-patent-statistics_pa-
tent-data-en.

3 Employment, capital, education, infrastructure, LPI, and GDP data are available at: https:/data-
bank.worldbank.org/source/world-development-indicators.

4 Data on CO, emissions from fuel combustion are available at: https://www.oecd-ilibrary.org/energy/data/iea-co2-
emissions-from-fuel-combustion-statistics/co2-emissions-by-product-and-flow data-00430-en.
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Indicator Definition Source

Employment Number of employed persons (total) World Development Indica-
tors (WDI, 2019)

Capital Gross Fixed Capital Formation (constant LCU) World Development Indica-
tors (WDI, 2019)

Urbanization Urban population (% of total population) World Development Indica-
tors (WDI, 2019)

Innovation Number of patents (all technology domains) (total) OECD Patent Statistics
(2020)

Trade Openness Share of exports and imports (% of GDP) World Development Indica-
tors (WDI, 2019)

Human Capital Assessing country’s development from health, education, United Nations Development

(proxied by the and income (index) Programme (UNDP, 2020)

Human Develop-
ment Index)

Logistics Perfor- Overall Logistics Performance Index (LPI) (from 1=low to World Development Indica-
mance 5= high) tors (WDI, 2019)
GDP GDP (constant LCU) World Development Indica-
tors (WDI, 2019)
CO; emissions CO; emissions from fuel combustion (thousand tons) IEA CO; Emissions from
Fuel Combustion Statistics
(2019)

Source: our elaborations.

3.2. Model specification
In the extant literature, logistic performance has been investigated from the aspects of its determi-
nants and effects on socioeconomic aspects. However, this paper combines the different dimen-
sions of the aspects of logistic performance in Zaman and Shamsuddin (2017), Khan et al. (2018a),
and Liu et al. (2018) to formulate a new model illustrated in Figure 1.

Figure 1: Relationship among logistics performance determinants, GSCM, economic growth,

and environmental sustainability.
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432 Source: our elaborations.
433 There are three aspects to highlight in Figure 1: the determinants of logistics performance, the

434  role of logistic performance in economic growth, and the role of logistic performance in driving
435  the environmental sustainability trend. Thus, the aforementioned models (A, B, C) are represented

436  in the equations (1), (2), (3), such that:

437
438 LPI = f(HDI,LGFCF,LLF,LP,LUP,LTO) (1
439 LGDP = f(HDI,LPI,LUP,LTO) (2)
440 LCEM = f(HDI,LPI,LUP,LTO) 3)
441
442 Considering the desirability of preliminary tests — such as those on stationarity and cointegra-

443  tion — we proceed to investigate the determinants of logistic performance, economic growth, and
444  environmental quality, and apply FMOLS, GMM, and QR estimators. Indeed, the selection of
445  different estimators ensures the robustness of the applied findings.

446 The QR approach is employed for each of the models in equation (1), (2), and (3). It considers
447  the entire distribution while controlling time-variant issues of heterogeneity and outliers (Asongu
448  and Odhiambo, 2019; Zaman and Shamsuddin, 2017; Lasisi et al., 2021). Additionally, the lack of
449  evidence of normality for all the variables support the desirability of the QR approach. Moreover,

450  the QR estimator has a superior advantage in estimating the complete description other than the
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conditional mean and median distribution (Mosteller and Tukey, 1977). Given, that time ¢ = 2007,
2008, ...,2018,and i =1, 2, ..., 25, the first model (equation 1), is presented with a modified QR

approach as:

E[LPL; | (HDI;, LGFCF;y, LLF;y, LP;y , UPyy, TOyt), ;]
= (HDIY, LGFCFY, LLFL, LP}, UPL, TOL) B + a; 4)
such that:
Qrpr, [t|(HDIye, LGFCFyr, LLF;t, LP;, UPy, TOy) , ]
= P1cHDIiy + B2 LGFCFyt + B3 LLFyt + BarLPit + Bs:UPyr + P TOi + (5)
where unobserved country effect is represented by «;.
By extending the least squares in the framework of Koenker and Bassett Jr. (1978), the 5 (7) in
equation (5) is estimated as the 7 ( =0.10, 0.25, 0.50, 0.75, 0.90) of different conditional quantile

functions through the following expression:

L) = argming ¢ pi Z Tlyi — x|+ Z 1 -Dly; — xp1 (6)

ie{iy; 2 xiB i e{ity; <x;iB

Moreover, the T (parameter size) ranges within 0 < 7 < 1, such that there is a minimization of
the weighted sum of absolute deviations, which provides the conditional quantile of the logistic
performance index for the explanatory variables x; through:

Qup; (t|(HDI;,LGFCF,,LLF;LP;,UP;,TO;) = (HDI;,LGFCF; LLF;LP, UP;, TO;)B, (7)

Similarly, the aforementioned step-by-step procedures are repeated for the other two models
(equations 2 and 3). Although these procedures are not indicated here because of space constraint,
the entire distribution of the LPI, LGDP, and LCEM for each category quantile results are com-
pared with the conditional distribution of the FMOLS and QR approaches.

4. Empirical Results and Discussion
In Figure A in the Appendix we reported the scatterplot matrices of the variables, while in Table
B some descriptive statistics are shown.

Cross-section dependence is one of the main diagnostics to be analyzed prior to conduct panel
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data econometric investigations. Indeed, panel data may be affected by influential cross-sectional
dependence, through which all units in the same cross-section are correlated, due to some unob-
served common factors, or to spatial or spillover effects.

In Table 3, we show the results of panel cross-section dependence tests for our sample. The null
hypothesis (Hy) of these tests is the absence of cross-sectional dependence. Here, for all variables
we clearly reject the null hypothesis at any level of significance, concluding that cross-section

dependence should be taken into account in the subsequent analysis.
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Table 3: Panel cross-section dependence tests.

Test LPI LGDP LCEM HDI LGFCF LLF LP LUP LTO
1. Pesaran 4.792%% 37.709%%%  10.195%%*%  10.564%%*  26.346%** 93854 10.935%*%*%  11.319%%*%  30.8]1%**
(2004) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
2. Friedman 28.279 95.644% % 33.332% 50.935%*%  81.384%**  46248%%*  47.513%%%  G4.490k*x 85 39(k**
(1937) (0.2485) (0.0000) (0.0973) (0.0011) (0.0000) (0.0041) (0.0029) (0.0000) (0.0000)
3. Frees 1.797%%%* 3.506%% 0.979%#* 0.796%%* 2.467%% 0.390%* 1.098%%* 4.094%%% 3.720%%
(1995) (0.3429) (0.3429) (0.3429) (0.3429) (0.3429) (0.3429) (0.3429) (0.3429) (0.3429)
4. Chudik 0.6629 29.1248***% ] 6582* 7.0319%%% 1.1558 -0.9271 -0.9484 -0.4828 4.2757%%%
and Pesaran |  (0.5074) (0.0000) (0.0973) (0.0000) (0.2477) (0.3539) (0.3429) (0.6292) (0.0000)
(2015)
5.Pesaran | 4.2453%%%  43.0485%%*%  12.0055%%*  56.0180%**  24.4174%*%*%  363851**%*  150058**%*  38.4903***  [9.5669%**
(2004) CD (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
6. Breusch- | 777.4648%%%  2461.087*** 1470.005%** 3147.431%%* [470.380%** 2322.808*** 049 6058*** 2203.866*** 1143.5]7%**
Pagan (1980) | (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
7.Pesaran | 19.4924%*%  882060***  47.7653*%*  116.2450%**  47.7809%** 82 5808***  26.5200%**  86.7266***  34.4364%**
(2004) LM (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
8. Baltagier | 18.3561%**  87.0806***  46.6289%**  115.1095%**  46.6446***  81.4444%**  253837+*%* 85 6811***  33.300]***
al. (2012) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

Notes: 1: Pesaran (2004) cross-sectional dependence in panel data models test;

: Pesaran (2004) scaled LM test;

0 31O\ DN K~ W

**% p<0.01, ** p<0.05, * p<0.10
Sources: our calculations.

. Baltagi et al. (2012) bias-corrected scaled LM test.
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: Friedman (1937) test for cross-sectional dependence by using Friedman’s y? distributed statistic;

: Frees (1995) test for cross-sectional dependence by using Critical Values from Frees’ Q distribution (7-asymptotically distributed);
: Chudik and Pesaran (2015) test for weak cross sectional dependence;
: Pesaran (2004) CD test for cross-section dependence in panel time-series data;
: Breusch and Pagan (1980) LM test of independence;
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Since we observed that cross-section dependence emerges in the series, we proceed performing
the panel unit root tests in presence of cross-section dependence. These are also known as second
generation of panel unit root tests, where the presence of cross-section dependence among the
residuals is allowed within the panel. The results in Table 4, in general, highlight that it is difficult
to reject the null hypothesis according to which all series are non-stationary. Only for LP/ and LUP
variables we are able to reject the null — with both deterministic specifications — using the Pesaran
(2003) Cross-Sectionally Augmented Dickey—Fuller (CADF) test. However, these results are not
confirmed by Pesaran (2007) test. Therefore, we can assume that all variables in the dataset share

cross-section dependence and are non-stationary.

Table 4: Panel unit root tests in presence of cross-section dependence.

Variable Specification
Constant Constant and trend
Pesaran’s CADF test
LPI -4.016*** (0.000) -1.651*%* (0.049)
LGDP 0.710 (0.761) -2.749%** (0.003)
LCEM 1.194 (0.884) 1.049 (0.853)
HDI -8.832%** (0.000) 0.590 (0.722)
LGFCF -6.880%** (0.000) -0.048 (0.481)
LLF 2.510(0.994) 2.849 (0.998)
LP 2.836 (0.998) -3.403*** (0.000)
LUP -5.196*** (0.000) -1.772*%* (0.038)
LTO 3.801 (1.000) 0.714 (0.763)
Pesaran (2007) test
LPI -1.925 -2.098
LGDP -1.329 -1.696
LCEM -1.911 -2.035
HDI -2.264%* -1.569
LGFCF -1.560 -2.132
LLF -1.947 -1.838
LP -2.208** -2.522
LUP -1.434 0.097
LTO -1.298 -2.079

Notes: for Pesaran (2003) test, Z-¢-bar or ¢-bar statistics are reported; P-Values in parentheses. For Pesaran (2007)
test, deterministic chosen: constant: Critical Values: -2.07 (10%), -2.17 (5%), -2.34 (1%); deterministic chosen: con-
stant and trend: Critical Values: -2.59 (10%), -2.69 (5%), -2.88 (1%).

*** p<0.01, ** p<0.05, * p<0.10.

Afterwards, to perform the cointegration analysis, three different tests are run. Table 5 shows
the outcomes of Kao’s residual cointegration test, Padroni’s test for cointegration, and Westerlund
error-cotrection-based cointegration test for the three specifications in equations (1)-(3).

In general, for all three different equations the results indicate the existence of a long-run (coin-

tegrating) relationship among the variables.
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522 Table 5: Panel cointegration tests.

LPI = f(HDI, LGFCF, LLF, LP, LUP, LTO)

Kao’s residual cointegration test

Modified Dickey-Fuller ¢ 2.4548*** (0.0070)
Dickey-Fuller ¢ 0.3885 (0.3488)
Augmented Dickey-Fuller ¢ -3.1532*%* (0.0008)
Unadjusted modified Dickey-Fuller ¢ -6.9415*%* (0.0000)
Unadjusted Dickey-Fuller ¢ -7.0807*** (0.0000)
Pedroni’s test for cointegration
Tests Constant Constant and trend
Modified Phillips-Perron ¢ 7.6937*%** (0.0000) 8.3280*** (0.0000)
Phillips-Perron ¢ -10.9212%** (0.0000) -15.1332%** (0.0000)
Augmented Dickey-Fuller ¢ -7.0541*** (0.0000) -11.4302*** (0.0000)
Westerlund error-correction-based cointegration test
Tests Constant Constant and trend
Variance ratio -0.2464 (0.4027) 2.7190%** (0.0033)

LGDP = f(HDI, LPI, LUP, LTO)

Kao’s residual cointegration test

Modified Dickey-Fuller ¢ 1.5132* (0.0651)
Dickey-Fuller ¢ -1.1360 (0.1280)
Augmented Dickey-Fuller ¢ 0.8625 (0.1942)
Unadjusted modified Dickey-Fuller ¢ 0.3108*** (0.3780)
Unadjusted Dickey-Fuller ¢ -2.1832%* (0.0145)
Pedroni’s test for cointegration
Tests Constant Constant and trend
Modified Phillips-Perron ¢ 6.0670*** (0.0000) 6.1619*** (0.0000)
Phillips-Perron ¢ -1.3368* (0.0906) -4.4046*** (0.0000)
Augmented Dickey-Fuller ¢ -1.7747** (0.0380) -6.2565*** (0.0000)
Westerlund error-correction-based cointegration test
Tests Constant Constant and trend
Variance ratio 1.3909* (0.0821) 1.5698* (0.0582)

LCEM =f(HDI, LPI, LUP, LTO)

Kao’s residual cointegration test

Modified Dickey-Fuller ¢ 2.3904*** (0.0084)
Dickey-Fuller ¢ 0.7676 (0.2214)
Augmented Dickey-Fuller ¢ 2.5116*%** (0.0060)
Unadjusted modified Dickey-Fuller ¢ -1.0605 (0.1445)
Unadjusted Dickey-Fuller ¢ -2.5234%*** (0.0058)
Pedroni’s test for cointegration
Tests Constant Constant and trend
Modified Phillips-Perron ¢ 5.1017*** (0.0000) 5.7931*** (0.0000)
Phillips-Perron ¢ -9.2441%** (0.0000) -14.6687*** (0.0000)
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Augmented Dickey-Fuller ¢ -9.4766*** (0.0000) -13.1086*** (0.0000)
Westerlund error-correction-based cointegration test

Tests Constant Constant and trend
Variance ratio -0.9811 (0.1633) -0.2714 (0.3931)

Notes: for Kao’s test, the deterministic component is: constant. For Westerlund’s test the Z-Values are reported.
For all tests the P-Values are in parentheses. *** p<0.01, ** p<0.05, * p<0.10.

Concerning the determinants of logistics performance, and the subsequent roles of logistic per-
formance in both economic expansion and environmental quality, the results are indicated in Table
6.

4.1 Determinants of logistic performance
From the results in Table 6 (see Model A), the investigation revealed that an increase in HDI is
responsible for a significant improvement in the logistic performance. Specifically, the QR find-
ings reveal that the improvement in human’s life expectancy, literacy level through education, and
income aspects (reflected in the HDI) spur the logistic performance in the panel such that the
impact of HDI also decreases toward the higher quantile (25" quantile = 1.356, and 75" quantile =
1.371). This confirms that human development is an important determinant of logistic perfor-
mance, since logistics performance is tied to a more robust improvement in the human’s life ex-
pectancy, education level, and income factors. Importantly, this finding is in line with Zaman and
Shamsuddin (2017). Specifically, Zaman and Shamsuddin (2017) highlighted the positive rela-
tionship between health expenditures per capita (a useful proxy for life expectancy) and logistics
performance. In addition, as evidenced in the ongoing distribution of the Corona-Virus (COVID-
19) vaccines, Agueh ef al. (2016) argued that economic health via immunization program is sig-
nificantly related with logistic performance.

Furthermore, the impact of GFCF on logistic performance is negative and statistically signifi-
cant for all the estimators adopted. Across the quantile, increase in GFCF deplete the logistic per-
formance, but the negative impact is dampened and overturned at the end of the quantile. Thus, at
the 90™ quantile, a 1-unit increase in GFCF reduces logistic performance by 0.047 units in the
panel. The economic intuition is that massive capital investment is likely to overwhelm the essen-
tial logistic procedures, thus causing an undesirable effect until a maximum level of logistic per-
formance is attained due to an increasing level of investment. This perspective coincides with the
logistic performance-FDI nexus illustrated by Khan et al. (2018a), and Zaman and Shamsuddin
(2017).

23



552
553
554
555
556
557
558
559
560
561

562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582

Moreover, in FMOLS and GMM estimates, employment (LLF) significantly worsens logistic
performance with an impact of 0.187 and 0.056, respectively. However, the negative impact of
employment on logistic performance is not the same across the quantile. The negative impacts
decrease toward the upper quantiles and are statistically significant. Similarly, an increase in tech-
nological innovation (measured by the number of technological patents, LP) is responsible for an
improvement in logistic performance in the estimated panel. Although the positive nexus between
the number of patents and logistic performance is registered by FMOLS, GMM, and partially by
QR approach, the relationship is positive but declining towards the upper quantile. Lastly, trade
openness and urban population significantly contribute to the improvement of logistic perfor-

mance, even with a smaller effect.

4.2 The role of logistic performance in the economic expansion
Given the result in Model B of Table 6, the increase in human development is responsible for the
expansion of the economy. FMOLS and QR estimates show that logistic performance triggers
economic growth from the lower to the upper quantile. Interestingly, Khan et a/. (2018a) and Za-
man and Shamsuddin (2017) share similar views in respect of the relationship between economic
growth and logistic performance. Specifically, Khan et al. (2018a) implies that logistic perfor-
mance exerts a differential effect on the income per capita vis-a-vis the economic growth increase
through an increase in FDI (Ekwueme ef al., 2021) and industrial value-added. Moreover, urbani-
zation influences economic expansion across the quantile (a result also illustrated by FMOLS and
GMM findings), whilst trade openness is shown to exert a small but significant negative impact

on economic growth.

4.3 The role of logistic performance in environmental quality
Finally, results in Model C of Table 6 show the determinants of environmental quality. While the
improvement in human development largely mitigates environmental damage, logistic perfor-
mance exhibits a largely positive and significant effect on environmental degradation across the
quantile, as well as GMM estimates. However, the magnitude of this effect is greater in the lower
quantiles. This observation shares the perspective in the extant studies that logistic performance
and environmental sustainability could be either positively or negatively related, largely depending
on the nature of energy source utilization (Ibrahim and Alola, 2020) in the supply chain, and other

logistic related aspects of the economy (Khan et al., 2018a; Liu et al., 2018). Specifically, Liu et
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al. (2018) employed six indicators of logistic performance for the case of Asian countries. Inter-
estingly, the study found that two of the logistic indicators increase environmental degradation
while the adoption of another different indicator causes improvement in environmental quality. In
the use of the remaining three indicators, there are no significant environmental aspects. Mean-
while, in a significant dimension, urbanization and trade openness respectively increase and miti-
gate CO; emissions. Although Shahbaz et al. (2017) pinpointed that trade openness hampers en-
vironmental quality, energy demand could be mitigated by trade openness (Sbia ef al., 2014), thus
causing improvement in environment quality. However, Wang and Zhang (2021) infer that the
impact of trade openness on both economic growth and carbon emission is heterogeneous across
a panel of 182 countries. Alola et al. (2021) found that urbanization spur carbon emissions, while
Zhang et al. (2017) and Onifade et al. (2021) found that urbanization exhibits a U-shaped and

negative relationship with carbon emissions.
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Table 6: Results of FMOLS, GMM, and Quantile Regressions (with 100 bootstraps).

Variable FMOLS GMM Quantile Regressions
0.10 0.25 0.50 0.75 0.90
Model A, Dep. Var.: LPI
HDI 1.308 (1.594) 1.331%** (0.514) 0.900 (1.643) 1.356%%* (0.404) 1.738%** (0.548)  1.371* (0.801) 0.133 (0.770)
LGCF -0.044 (0.300) -0.069%** -0.092%** -0.089%** -0.071%** -0.060*** -0.047 (0.034)
(0.013) (0.017) (0.010) (0.015) (0.023)
LLF -0.187 (0.828) -0.056 (0.041)  -0.213** (0.106)  -0.100* (0.051) -0.057 (0.047) -0.114* (0.062)  -0.082* (0.048)
LP 0.168 (0.195) 0.227%%% (0.033)  0.450*** (0.152)  0.302*** (0.055) 0.226%** (0.043)  0.263*** (0.051) 0.206*** (0.040)
LUP 0.005 (0.017) 0.004*** (0.001) 0.005 (0.003) 0.005%** (0.002)  0.004** (0.002) 0.003 (0.002) -0.000 (0.002)
LTO 0.003** (0.001)  0.001*** (0.000) 0.001 (0.001) 0.001 (0.498) 0.001%** (0.000)  0.001*** (0.000) 0.001*** (0.000)
Model B, Dep. Var.: LGDP
HDI 0.244%* (0.100) -2.406 (2.095) 1.020 (2.272) 3.619%* (1.800) -0.456 (0.961) 2.113(2.237) 13.870%**
(4.883)
LPI -0.018** (0.007) 0.002 (0.265) -0.618*** 0.327 (0.272) 0.122 (0.230) -0.488* (0.280) -0.431 (0.601)
(0.216)
LUP 0.050*** (0.003)  0.035*** (0.006) 0.002 (0.004) 0.012%%* (0.003)  0.026*** (0.004) 0.038*** (0.006) 0.078*** (0.005)
LTO -0.001*** -0.005%** -0.003%** -0.004*** -0.004*** -0.003*** -0.007***
(0.000) (0.001) (0.001) (0.000) (0.001) (0.001) (0.001)
Model B, Dep. Var.: LCEM
HDI -0.406 (0.397) S5.21 1% -2.233* (1.214) -7.043%** -3.155** (1.567) 0.250 (1.496) 1.389 (1.433)
(1.184) (1.000)
LPI 0.037* (0.021)  0.588*** (0.150)  0.354** (0.146)  0.816*** (0.206) 0.220 (0.181) 0.195 (0.135) 0.367*** (0.110)
LUP 0.009* (0.005)  0.016*** (0.004)  -0.002 (0.612)  0.013*** (0.003) 0.021*** (0.003) 0.020*** (0.005) 0.025*** (0.010)
LTO -0.000 (0.000) -0.004%*** -0.002***(0.000) -0.003%** -0.005%** -0.005%** -0.005%**
(0.000) (0.001) (0.000) (0.000) (0.001)
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Diagnostic Model A

Sargan Yas2 =247.49 (0.169)
Hansen 252 = 19.25 (1.000)
AR(1) Z=-138(0.169)
AR(2) 7 =-1.96* (0.053)

Model B
Y237 = 277.40%* (0.037)
Y237 = 24.53 (1.000)
Z=-3.77%** (0.000)
Z=-2.25%*%*%(0.001)

Model C
Y237 = 232.40 (0.579)
Y237 = 23.57 (1.000)
Z=-3.79%** (0.000)
Z=10.75 (0.456)

Notes: *** p<0.01, ** p<0.05, * p<0.10.
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5. Concluding remarks
While extensively studied, the relationship between logistics performance and the environment
is unclear. Suffering from conflicting evidence, this topic remains actual and critical for re-
searchers as it deals with sustainable practices, green growth, and the climate targets recently
ratified by the international community. Moreover, the role of innovation along each stage of
the supply chain has been widely ignored in previous empirical investigations, and almost al-
ways disconnected from economic and environmental indicators. Accordingly, there is a point
in asking whether innovative applications may mediate the effect of logistics performance on
economic growth and polluting emissions, using an illustrative selected panel of logistics econ-
omies.

In sum, this paper investigates the above-research question by estimating three distinct mod-
els:

e The determinants of logistics performance (namely: technological innovation, infra-
structure, education, employment, and GFCF) (Model A).

e The effects of logistics performance, human capital, urban population, and trade
openness on GDP (Model B).

e The effects of logistics performance, human capital, urban population, and trade
openness on CO; emissions from fuel combustion (Model C).

A macro-level dataset on the top 25 ranked logistics countries has been constructed, span-
ning the 2007-2018 period, for a total of 300 observations. Our causality testing framework
comprises a set of panel cross-section dependence tests, second generation panel unit root tests,
and cointegration procedures. Finally, the estimation strategy employs three different panel data
estimators, as they display advantageous features.

Empirical findings revealed that improving technological innovation (captured by the num-
ber of patents recorded) and human capital (literacy level proxied by the HDI), urbanization,
and trade openness are all associated with a positive and significant effect on logistics perfor-
mance. Conversely, both employment and GFCF are found to negatively influence LPI, high-
lighting that the supply chain is naturally less labour-intensive than capital-intensive. However,
when they overcome a certain threshold level, the present evidence emphasizes that massive
capital investments are likely to induce adverse effects on the performance of the logistic chain.
Furthermore, while the well-established HDI-growth relationship is confirmed, results suggest
that both economic expansion and environmental sustainability are negatively affected by lo-

gistics performance. This latter element is in line with a strand of the literature, which under-
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lines that this linkage may display a negative magnitude when the main resource used to gen-
erate power is non-renewable. In this view, our findings stress that a more performing supply
chain does not prevent threats to sustainability and economic inefficiencies. In our case, this
analysis on the top 25 ranked logistic countries sheds light on the necessity to further expand
the shift towards low-carbon sources of energy along the supply chain. To this extent, a relevant

policy perspective can be provided.

5.1 Policy Recommendations

Above all, processes in logistics and supply chains should be managed in a resource-effective
manner. Green practices should be applied to the logistic sector, starting by enhancing the op-
erational use of energy by international shipment and improving its efficiency through modal
split. Regarding the global logistics business, significant efforts should be made to lower the
carbon content of the power sourced to suppliers and settle a more efficient utilization of energy
along each stage constituting the logistic process. This would not only reduce the energy cost
for suppliers, but also trigger FDI in search of more sustainable allocations. In the long-run, one
may see a reconciliation between profitability and sustainability targets in logistic activities.
Secondly, a specific attention should be paid to the reliability and the timeliness of shipment,
thought to lay at the centre of environmental issues, but at the core of carbon savings. Thus,
decision-makers should implement measures aiming at reducing the risk of congestion zones in
harbour entrances, because they induce additional energy costs and economic losses. Third, an
active and global government regulation is required to limit carbon leakages and opportunity
behaviours. How challenging it is, the emergence of a GSC across international locations is
conditioned by the ability of public institutions to anticipate, prevent and disincentivize com-
panies to relocate and outsource a share of the manufacturing process abroad. A global and
strong public response is thus crucial to send timely credible signals to polluting suppliers while
minimizing the emergence of an environmental gap between countries applying strict sustain-
ability standards and the others. All in all, one cannot conclude without mentioning the growing
role played by technologies in reaching the above-mentioned objectives. Whether it is taking
the form of drones for delivering goods to customers (Carlsson and Song, 2018), robotics for
automating warehousing applications (Azadeh et al., 2019), or blockchain processes to ensure
data and supply chain transparency for customers (Choi et al., 2019), key applications are ex-
pected to radically transform the operational efficiency and the competitiveness of the logistic
sector. Nonetheless, we recommend policymakers to accelerate their deployment without over-

looking their associated externalities on resource and low-skilled employment.
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Some empirical caveats limit the scope of the present manuscript. For instance, relevant
empirical technique could be directed at understudying each of the enlisted countries in order
to unearth those country-specific dimensions of logistic performance-environmental sustaina-
bility nexus. Additionally, future research should be conducted at the sectoral level, with a
specific aim of distinguishing which technological applications induce windfall economic and
environmental benefits for the logistic sector. Furthermore, country-specific insights should
enlarge the literature on this topic. Finally, the use of Machine Learning (ML) and Artificial
Neural Networks (ANNs) algorithms should be further expanded on this topic. It may confirm
the present econometric findings while overcoming the statistical inferences associated with
standard linear models (Magazzino et al., 2020a, 2020b, 2020c, 2021a, 2021b, 2021d; Mele et
al.,2021a, 2021b).

Appendix

Table A: Top 25 logistics countries.

World ranking for the year 2018

1. Germany 2. Sweden 3. Belgium

4. Austria 5. Japan 6. Netherlands

7. Singapore 8. Denmark 9. United Kingdom
10. Finland 11. United Arab Emirates 12. Hong Kong

13. Switzerland 14. United States 15. New Zealand
16. France 17. Spain 18. Australia

19. Italy 20. Canada 21. Norway

22. Czech Republic 23. Portugal 24, Luxembourg

25. Republic of Korea

Source: WDI (2019).

Table B: Descriptive statistics.

Variable Mean Median Std. Skewness  Kurtosis Range IQR Cv
Dev.

LPI 3.8414 3.8600 0.2308 -0.8493 3.9128 1.2000 0.2851  0.0601
LGDP 12.2586  12.2344 0.9596 1.5229 5.7020 4.6227 0.8479  0.0783
LCEM 5.1426 5.0203 0.6150 0.4814 2.8146 2.8253 0.9461  0.1196

HDI 0.9010 0.9055 0.0291 -0.8603 3.6128 0.1440 0.0370  0.0323
LGFCF 11.6001 11.5282 0.9868 1.5306 5.8340 4.8802 0.7908  0.0851

LLF 6.9321 6.7324 0.5787 -0.0960 3.4322 2.8844 0.8344  0.0835

LP 3.2207 3.2452 0.7565 -0.1054 2.7793 3.4691 0.7468  0.2349

LUP 1.9119 1.9151 0.0558 -0.8570 3.9459 0.2432 0.0490  0.0292

LTO 1.9631 1.9112 0.2940 0.6187 3.0037 1.2570 0.3632  0.1498

Notes: Std. Dev., Standard Deviation; IQR, Inter-Quartile Range; CV, Coefficient of Variation.
Sources: our calculations.

30



688

689
690

691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708

Figure A: Scatterplot matrices (log-scale).
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Nomenclature

2SLS: 2 Stages Least Squares

ARDL: Auto-Regressive Distributed Lag

CO;: Carbon Dioxide

CS-ARDL: Cross-sectionally augmented Auto-Regressive Distributed Lag
FDI: Foreign Direct Investment

FE: Fixed Effects

FGLS: Feasible Generalized Least Squares

GHG: Greenhouse Gas

GL: Green Logistics

GMM: Generalized Method of Moments

GSC: Green Supply Chain

GSCM: Green Supply Chain Management

ICT: Information and Communication Technology
LPI: Logistics Performance Index

N-ARDL: Non-Linear AutoRegressive Distributed Lag
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OLS: Ordinary Least Squares

PII: Political Instability Index

RAM-DEA: Range-Adjusted Measure of the Data Envelopment Analysis
RE: Random Effects

SEM: Structural Equation Model

TFP: Total Factor Productivity.
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