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Abstract: The purpose of this study is to investigate relationships between national logistics per-
formance and dimensions of sustainability. A series of hypotheses are developed and tested using
regression analysis of secondary data. The sources of data are the Sustainable Society Index (SSI)
and the World Bank’s Logistics Performance Index (LPI). Fundamental aspects of social sustain-
ability and well-being—a healthy, educated population, equality, good governance, and reasonable
income distribution—are related to higher levels of logistics performance. In addition, while logistics
performance is a driver of economic activity and success, it is also a contributor to environmental
degradation in the form of harmful emissions. If economic growth is among a nation’s goals, its
leaders are advised to support social well-being, along with technologies and practices for greater
energy efficiency (and lower emissions) in transportation.

Keywords: logistics performance; sustainability; social well-being; environmental degradation;
secondary data

1. Introduction

Adapting Russell’s “short” definition of the term [1], logistics can be defined most sim-
ply as the management of inventory, in motion, and at rest, to serve customers. Inventory
in motion is usually in or on transportation vehicles, while inventory at rest is in storage,
typically in warehouses. Thus, transportation, warehousing, inventory management, and
customer service are among the primary logistics functions [2].

Logistics looms large, in terms of its economic and environmental impact. Annual
worldwide logistics spending has been estimated to range from 8 to 12 trillion U.S. dol-
lars, or approximately 12 percent of global gross domestic product (GDP). Armstrong &
Associates Inc. pegged global logistics spending at $9.6 trillion in 2018, with the following
breakdown by logistics functions: 43 percent for transportation by truck; 33 percent for
inventory and warehousing; 14 percent for transportation by air, rail and water; and 10 per-
cent for various administrative functions [3]. In 2020, global logistics spending is forecast
to reach $10.6 trillion, with transportation accounting for 70 percent of the total [4].

Energy consumption is by far the largest source of human-made greenhouse gas (GHG)
emissions, accounting for 73 percent of global emissions. Within energy consumption,
three sectors—electricity and heat generation (30 percent), transportation (15 percent), and
manufacturing/construction (12 percent)—make up 57 percent of global emissions. Two of
those sectors, transportation and manufacturing/construction, are also among the top three
in GHG emissions growth, at 71 percent and 55 percent, respectively [5]. Climate Watch
and the World Resources Institute report 2016 global greenhouse gas (GHG) emissions of
around 50 billion tonnes, in carbon dioxide equivalents (CO5e) [6].

While logistics activities, such as warehousing and inventory control, occur across
various industries, the majority of logistics-related emissions are from transportation. In
the United States, transportation is the leading source of GHG emissions, accounting
for 28.2 percent of the total [7]. The International Energy Agency (IEA) estimates the
three largest contributors of carbon emissions to be electricity production at 42 percent,
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transportation at 23 percent, and the industrial sector at 19 percent [8]. The bulk of
transportation emissions result from burning fossil fuel to power vehicles—e.g., planes,
trains, and automobiles, as well as trucks, buses, ships, and barges.

There is increasing academic attention being paid to sustainable logistics [9,10]; how-
ever, most research has a micro orientation (i.e., organizational or inter-organizational
focus) rather than a macro orientation (i.e., national or international focus). In a recent
exception, Havenga elevates logistics to the macroeconomic realm, with a focus on national
logistics cost [11]. Inspired by such work, this paper extends macro-logistics to include
social and environmental considerations.

In addition, the logistics literature typically focuses on environmental sustainabil-
ity [12] or on inter-relationships between environmental and economic sustainability [13],
to the neglect of social sustainability. In terms of contributions, this paper appears to be the
first to attempt a truly global analysis of both antecedents and consequences of national
logistics performance, from a broad sustainability perspective. It also helps clarify the
connection between logistics performance and GHG emissions.

The purpose of this study is to investigate relationships between logistics performance
and the triple bottom line dimensions, i.e., social, economic and environmental sustain-
ability. The research question is: How is national logistics performance inter-related with
elements of social, economic and environmental sustainability? Thus, the study has a
macro orientation. The paper is organized into five more sections, starting with a review of
recent literature on logistics and sustainability. This review adopts a macro focus, and it
includes development of eight hypotheses. Section 3 is next, outlining statistical methods
and describing secondary data sets to be analyzed. This is followed by presentation of the
statistical results. Section 5 provides a discussion, focusing on practical and theoretical
implications of the results, and several directions for future research. The sixth and final
section is a brief conclusion, highlighting the primary contributions of the study.

2. Logistics and Sustainability

As noted above, the sustainable logistics literature leans heavily toward an organiza-
tional or inter-organizational focus on the environmental dimension of sustainability. These
studies have used a variety of research methods, including systematic literature review [14],
case studies [15,16], survey research [17,18], content analysis [19], simulation [20], and
optimization modeling [21]. These micro-level logistics studies have investigated organiza-
tions in several (mostly European) countries, such as Austria [16], Finland [18], Ghana [17],
Ireland, Italy, and Sweden [15].

2.1. What Is Logistics Performance?

Traditionally, micro or organizational logistics performance has been defined in terms
of cost and service [22]. Total logistics costs contain all costs incurred in the performance
or provision of transportation, warehousing, inventory management, product quality,
and customer service [23]. Regarding logistics service, primary elements of performance
include: inventory availability, lead time, on-time delivery and order accuracy, along with
customer satisfaction, e.g., effective response to customer complaints [24]. Beamon adds
aspects of sustainability, such as energy consumption and emissions, to the list of logistics
performance measures [22].

At the macro or national level, logistics performance literature is relatively rare.
The recently introduced macro-logistics concept focuses largely on calculating national
logistics costs, i.e., transportation, storage or warehousing, inventory carrying, and manage-
ment/administration costs [11]. Similar cost categories are covered in the annual Council
of Supply Chain Management Professionals (CSCMP) state of logistics report [25]. Cur-
rently, the Logistics Performance Index (LPI) remains the only available global, macro-level
assessment of logistics service performance [26].
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Inspired by Beamon [22], this paper links national logistics performance to various
indicators of environmental sustainability, e.g., energy use and emissions. It also links
logistics performance to important elements of social sustainability.

Drawing on a biennial World Bank survey of freight forwarders and carriers, the LPI
measures perceived logistics performance of nations. It is the only measure of national
logistics performance available for a large number of countries, enabling comparison of
performance across nations, along with identification of national challenges and opportuni-
ties [26]. The LPI relies on perceptions of experienced logistics professionals as qualified
informants.

The six indicators of the LPI, all rated on five-point scales from very low performance
to very high performance, are: (1) efficiency of customs and border management clearance;
(2) quality of trade and transport infrastructure; (3) ease of arranging competitively priced
international shipments; (4) competence and quality of logistics services; (5) ability to track
and trace consignments; and (6) frequency with which shipments reach consignees within
scheduled or expected delivery times.

Several researchers have either compared the LPI to alternative indices or used LPI
data to create an alternative index. Markovits-Somogyi and Bokor apply data envelopment
analysis (DEA) to assess logistics efficiency at the macro level. Their study covers 29
European nations, using new DEA-PC (pairwise comparison) methodology, as well as the
original DEA methods. The model includes nicely matched inputs (e.g., length of roads
and railways) and outputs (tonne-km. moved by road and rail). They conclude that DEA
yields a very different ranking of European countries in terms of logistics performance,
compared to the LPI [27]. In essence, DEA models expect less output from nations with
meager inputs.

Marti et al., provide a thorough review of the LPI methodology and propose a synthetic
index of logistics performance using DEA techniques for international benchmarking
purposes. Given the six LPI indicators, the approach is also a tool for multiple criteria
decision making (MCDM). As might be expected, their results in comparing 141 countries
reveal that logistics performance depends largely on national income and geographical
area (e.g., Europe vs. Africa). The higher income countries are among the best logistics
performers [28].

2.2. What Is Sustainability?

According to Keating, “Sustainability is about meeting the needs of today without
undermining the ability of future generations to meet their own needs. It requires a sound
economic system, healthy people in an equitable society and a healthy environment to
support humanity [29].” This definition aligns with the triple bottom line (TBL) sustain-
ability framework, introduced in 1994 by John Elkington, to both examine and make more
favorable the social, environmental, and economic impact of organizations [30].

The Global Reporting Initiative (GRI) adopts the TBL categories and expands each
category into more detailed aspects of sustainability [31]. Aspects of the economic cate-
gory include economic performance, market presence, indirect impacts and procurement
practices. The environmental category contains energy and emissions, along with materi-
als, water, biodiversity, transport, supplier environmental assessment, and several other
specific aspects.

With four sub-categories, each consisting of numerous aspects, the social category is the
most ambitious of the three categories. The GRI social subcategories are: labor practices and
decent work, human rights, society, and product responsibility. While anti-corruption and
public policy are aspects of the society subcategory; issues of gender equality (such as equal
remuneration), Indigenous rights, diversity and equal opportunity, and non-discrimination
span the GRI human rights and labor practices subcategories [31].

Carter and Rogers also adopt and extend the TBL, by adding four “supporting facets”
to the three dimensions. These supporting facets are: transparency, organizational culture,
strategy (i.e., inclusion of sustainability in strategy), and risk management (e.g., contingency
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planning and dealing with disruptions) [32]. The current paper is focused on certain aspects
of the three TBL dimensions, particularly the environmental and social dimensions, without
explicitly addressing the supporting facets.

A sustainable society or nation is economically viable, environmentally sound and
socially responsible [33]. Thus, the Sustainable Society Index (SSI) is comprised of three
dimensions: human (or social) well-being; environmental well-being and economic well-
being. The social dimension consists of three sub-indices (and nine indicators): basic needs
(sufficient food, sufficient to drink and safe sanitation); personal development and health
(education, healthy life and gender equality); and well-balanced society (income distribution,
population growth and good governance).

The environmental dimension is comprised of two sub-indices (and seven indicators):
natural resources (biodiversity, renewable water resources and consumption) and climate
and energy (energy use, energy savings, greenhouse gases and renewable energy). Finally,
the economic dimension also consists of two sub-indices (and five indicators): transition
(organic farming and genuine savings) and economy (gross domestic product, employment
and public debt). Table 1, adapted from [34], shows the sources and descriptions of all

twenty-one SSI indicators.

Table 1. Sustainable Society Index (SSI) Indicators.

Item Name Measure Source
Sulfficient Food Percent of population undernourished FAO FSI
Basic Needs Sufficient Drink Percent of population with sustainable access to an improved FAO FSI
water source
Safe Sanitation Per(.:enfc of population with sustainable access to improved FAO FSI
sanitation
Education Gross e.:nrollment ratio for primary, secondary & tertiary UNESCO
Personal Development and education
Health (PDH) Healthy Life Life expectancy at birth (number of healthy years) WHO HALE
Gender Equality Gender Gap Index WEF
Well-bal d Societ Income Distribution Ratio of income: richest 10% to poorest 10% World Bank
(V\(;bS)a anced society Population Growth 5-year change in population (% of total population) World Bank
Good Governance Sum of the 6 Worldwide Governance Indicators World Bank

Natural Resources

Biodiversity: forest and
protected area

10-year change in forest area; size of protected land area
(% total land area)
Annual water withdrawals (m> per capita) as % of renewable

Protected Planet

Renewable Water Resources FAO Aquastat
water resources
Consumption Ecological footprint minus carbon Footprint GEN
Energy Use Energy use (tonnes of oil equivalent per capita) IEA
. Energy Savings Change in energy use over 4 years (%) IEA
Climate and Energy (C&F) GHG CO; emissions per person per year IEA
Renewable Energy Renewable energy as % of energy consumption IEA
T . Organic Farming Area for organic farming (% of agricultural area) FiBL
ransition Genuine Savings Adjusted net savings as % of GNI World Bank
GDhpr GDP per capita, PPP, current international $ IMF
Economy (Econ) Employment Number of unemployed people (% of labor force) World Bank
Public Debt National public debt (% of GDP) IMF

GDP = gross domestic product; GHG = greenhouse gas; GNI—gross national income; FAO = Food and Agriculture Organization;
FSI = Index on Food & Sustainability; WHO = World Health Organization; WEF = World Economic Forum; IEA = International En-
ergy Agency; IMF = International Monetary Fund; FIBL = Forschungsinstitut fur biologischen Landbau (Research Institute of Organic
Agriculture); GEN = Global Footprint Network.

2.3. Antecedents to Logistics Performance

There are relatively few studies linking aspects of social sustainability to logistics
performance at the macro level. In a rare example of such research, Koh et al. adopt the
resource-based view (RBV) by considering corruption control and good governance as
resource factors, which could impact logistics performance. Using the LPI, Transparency
International’s Corruption Perceptions Index (CPI) and the World Bank government ef-
fectiveness (GE) indicators from 2007 to 2014 for 26 Asian countries, they conclude that
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CPI significantly affects LPI; and GE moderates the CPI/LPI relationship. (Note: CPI and
GE indicators are similar to the “good governance” indicators in the SSI). Surprisingly,
the study supports a “greases the wheels” hypothesis—i.e., more corruption and weaker
governance yield higher logistics performance, among Asian nations [35].

Guided by the RBV as well as institutional theory, Wong and Tang compile a data set
including the LPI and CPI for 93 countries over four years. They find lower corruption
(i.e., better institutional quality) and more political stability related to higher national
logistics performance. By complementing the RBV with the institutional quality concept,
corruption is seen as an obstacle to economic and social progress. Public sector institutions,
as regulators and law enforcers, influence a nation’s level of corruption [36].

With data on 139 countries across all continents, Larson reports significant links among
corruption, gender inequality and logistics performance. Specifically, significant direct
effects are evident between the CPI and LP]I, as well as the United Nations Development
Programme (UNDP) gender inequality index (GII) and LPI. Corruption and gender in-
equality are detrimental to logistics. There is also evidence of an indirect CPI — LPI effect,
via gender inequality [37].

Using the SSI, this study expands the concept (and measurement) of social sustainabil-
ity, beyond gender inequality and corruption. Social sustainability includes governance
and equality. In addition, it includes education and health, as well as reasonable income
distribution and population growth.

In this broader sense, greater social sustainability or well-being supports higher
logistics performance. The more a society mistreats or neglects some of its people, including
prospective logisticians, the more difficult it will be to achieve a high level of logistics
performance. Social sustainability is an antecedent; social well-being enables logistics
performance. Thus, the first four hypotheses are:

Hypothesis 1 (H1). Well-balanced societies have higher national logistics performance.
Hypothesis 2 (H2). Well-balanced societies provide greater personal development and health.

Hypothesis 3 (H3). Societies with greater personal development and health have higher national
logistics performance.

Hypothesis 4 (H4). Personal development and health mediates the well-balanced society/logistics
performance relationship.

2.4. Consequences of Logistics Performance

Several research teams have extended the LPI by adding environmental indicators
to create hybrid or composite indices. For instance, Kim and Min compute their “green
logistics performance index” (GLPI) for 146 countries by combining two of the six LPI
indicators (infrastructure and timeliness) with five Environmental Performance Index (EPI)
indicators that measure GHG and other emissions. They conclude that greater logistics
efficiency and higher national income levels could lead to environmental degradation in
the form of more emissions [13]. This is the activity effect. Economic growth implies more
logistics activity, which means higher fuel consumption and more emissions [38].

Mariano et al., use eight variables to construct their “low carbon logistics performance
index” (LCLPI) for 104 countries. The eight variables are: all six LPI indicators, GDP
and transportation CO, emissions. These researchers note that logistics enables economic
output, which is a cause of CO, emissions [39]. More recently, Lu et al. develop an “envi-
ronmental logistics performance index” (ELPI) to represent trade-offs between logistics
efficiency and protection of the environment. The ELPI combines all six LPI indicators with
CO; emissions intensity and oil consumption intensity in transportation. Similar to GLPI
and LCLP], this index is related to national income [40].

Zaman and Shamsuddin compile panel data for 27 European countries from 2007 to
2014 to study the impact of logistics performance on energy use, emissions and economic
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well-being. The LPI indicators are found to have varying effect on energy use and emissions.
Surprisingly, they report that greater logistics “competence” reduces fuel consumption
but increases carbon emissions [41]. In a somewhat similar study, Liu et al. assemble data
for 42 Asian countries from 2007 to 2016. Their results show that logistics performance,
measured by various LPI indicators, is connected to environmental degradation. Further,
greater industrialization and urbanization bring higher CO, emissions [42].

In another recent study, Rashidi and Cullinane observe that the logistics sector is: a
notable contributor to GDP, a large-scale employer, a major user of energy, and a substantial
contributor to GHG emissions. They propose a sustainable operational logistics perfor-
mance (SOLP) metric to supplement the LPI, and compute their SOLP for 22 Organization
for Economic Co-operation and Development (OECD) nations. The SOLP accounts for
logistics activity, energy consumption, emissions, and job creation in logistics [43]. Kahn
et al. conducted a panel study of Asian “emerging economy” nations, with data from 2001
to 2017. They found three (of the six) LPI indicators to have positive, significant correla-
tions with GDP per capita. However, logistics performance was found to have a negative
relationship with environmental concerns, such as CO, emissions. These researchers also
discuss the impact of political instability on logistics, and the impact of logistics—and the
emissions it produces—on human health [44].

In addition, Kahn and collaborators use data from the World Bank to study relation-
ships between the LPI and elements of sustainability, including use of renewable energy
and public health spending, across ten member countries of the Association of Southeast
Asian Nations (ASEAN). They connect higher logistics performance to improved environ-
mental performance, better health and economic growth [45]. Other researchers analyze
the impact of the LPI on CO, emissions per capita in 11 Balkan countries over four years:
2010, 2012, 2014, and 2016. Despite positive Pearson correlation between LPI and CO,
emissions (p < 0.01), higher LPI scores are linked to lower CO; emissions in a regression
model that includes GDP per capita and urbanization as control variables [46].

Another current study, using data on 42 countries from 2007 to 2018, reports similar
results—positive bivariate correlation between LPI and CO, emissions (0.42), but a negative
relationship between LPI and CO, emissions in a multivariate regression model. Two
predictors of LPI, energy consumption and CO, emissions, had very high positive bivariate
correlation (0.81). Such a result is expected, since it is well-known that energy consumption
is the leading cause of GHG emissions. However, in the multivariate regression model,
with LPI as the dependent variable, energy consumption is positive and significant; while
emission of CO, is negative and significant [47]. Perhaps this rather puzzling result is due
to multi-collinearity among the predictors.

The literature adopting a macro-orientation regarding the impact of logistics per-
formance on economic and environmental sustainability suggests that logistics “has the
potential to increase and/or decrease the overall economic and environmental perfor-
mance” of nations [45] (p. 835). Inspired by the extant literature, this study extends
prior research by modeling economic and environmental sustainability or well-being as
consequences of logistics performance, with economic performance as a mediator of the lo-
gistics/environmental performance link. Logistics drives economic activity; logistics, along
with the economic activity it enables, consumes fuel and contributes to GHG emissions.

According to Sustainable Development Technology Canada, three effects determine
the impact of transportation and logistics on energy consumption and emissions: the
activity effect, the structural effect, and the energy efficiency effect [38] (p. 21). In trans-
portation and logistics, the major driver of energy use and emissions is the volume of
freight shipped, i.e., demand for logistics services. This is the activity effect. In a world of
growing population, and a global economy keen on growth, the activity effect is increasing.
According to the UN Population Division, global human population more than tripled
over the last seventy years, from 2.54 billion in 1950 to 7.79 billion people in 2020 [48]. To
accommodate these folks, global GDP has also risen dramatically, from 11.36 trillion in
1960 to 84.94 trillion in 2019, with both figures in constant 2010 U.S. $ [49].
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The structural effect pertains to shifts among modes of transportation in the movement
of freight. For instance, moving freight by rail is generally more fuel efficient (and less
intense in terms of emissions), compared to movement by truck [39], particularly for heavy
loads over long distances. Finally, the energy efficiency effect is driven by policies, practices
and technologies that yield reduced energy consumption (and fewer emissions) to move
given volumes of freight from origin to destination. Drivers of this effect include everything
from fuel taxes to slowing vehicles down to engine technology and more aerodynamic
vehicle design [50,51].

The following hypotheses on the impact of logistics on the environment imply that
the activity effect trumps structural and energy efficiency effects. Logistics performance is
viewed as an antecedent to economic activity and growth, enabling economic well-being
while adding to environmental degradation in the form of emissions. Thus, the next four
hypotheses are:

Hypothesis 5 (H5). Higher logistics performance reduces environmental well-being within na-
tions.

Hypothesis 6 (H6). Higher logistics performance increases economic activity within nations.
Hypothesis 7 (H7). Greater economic activity reduces environmental well-being within nations.

Hypothesis 8 (H8). Economic activity mediates the logistics performance/environmental well-
being link.

3. Materials and Methods

The hypotheses are tested using regression techniques to analyze secondary data. The
Hayes PROCESS macro is used to test for indirect effects [52]. As described further below,
secondary data is drawn from two published and widely available sources: the World
Bank’s Logistics Performance Index (LPI) and the Sustainable Society Index (SSI).

3.1. Logistics Performance Index (LPI)

In the LPI survey, each practitioner/respondent evaluates the logistics performance
of eight countries on all six indicators. Countries are assigned to survey respondents in
quasi-random fashion, accounting for income level (low, middle or high) of their home
country and whether the respondent is from a coastal or a land-locked country. Principal
components analysis (PCA) of the normalized ratings generates weights for the six LPI
items, which range from 0.40 to 0.42. In other words, the LPI is basically an average
rating across the six elements [26]. PCA of the 2018 LPI raw data reveals that a single
factor explains 92.3 percent of the variance in these six items, with factor loadings ranging
from 0.932 to 0.980. The six LPI items appear to be highly unidimensional. Thus, unlike
other recent studies e.g., [42,44], this study uses the complete six-item LPI rather than its
individual indicators to test hypotheses.

The latest LPI report observes significant correlation between LPI and the natural log
of GDP/capita among the included countries. For this study, the 2016 LPI data are used to
match the most recent available SSI data. The 2016 LPI is calculated for 160 countries [53].

3.2. Sustainable Society Index (SSI)

The SSI was developed as a useful, transparent tool to estimate the level of sustain-
ability of a nation. It was published for the first time in 2006 and has been updated
every two years. The most recent version is the 2016 edition, for which it is available for
154 countries [34].

Given the objective of the SSI, to estimate the sustainability of nations, indicator scores
are aggregated into measures of the three dimensions. For the aggregations, geometric
means (rather than arithmetic means) are used, to suppress possible compensation, i.e.,
low score on one indicator being compensated by high score on another indicator. Based
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on advice from the Joint Research Centre of the European Commission, the three SSI
dimensions are not aggregated into a single overall index. With no scientific basis for
differential weighting of the indicators, all of the indicators are equally weighted for
aggregation into the three dimensions.

The SSI uses the most recent available data from public sources. While it may be
reasonable to assume published data is accurate and reliable, reliability remains a concern.
Based on their audit, Saisana and Philippas concluded the SSI “is a conceptually and
statistically sound tool, (and) that is widely applicable for ongoing assessment of the human-
environmental systems and a key benchmark against which to ... inform comprehensive
societal policies” [33].

As shown in Figure 1, two regression models—one with logistics performance as a
consequence of social sustainability (Model A); the other with logistics performance as an
antecedent of both economic and environmental sustainability (Model B)—are analyzed to
test the eight hypotheses. Model A is inspired by institutional theory and the RBV [35-37].
In Model A, well-balanced society (WbS), a sub-index of the SSI (see Table 1), serves as the
independent variable. Personal development and health (PDH), another SSI sub-index, is
the mediator. PDH is hypothesized to have a direct effect on LPI, while mediating the effect
of WbS on LPJ, the dependent variable. Model B suggests that the activity effect, as opposed
to structural or energy efficiency effects, dominates the impact of logistics performance on
economies and the environment [38]. In Model B, LPI is now the independent variable,
climate and energy (C&E) is the dependent variable, and economy (Econ) is the mediator.
C&E and Econ are also sub-indices of the SSI.

Model A Model B
W-bS LPI LPI C&E
c c
PDH Econ
/ \ / \
W-bS p LPI LPI ” C&E
c c
LPI = Logistics Performance Index C&E = Climate & Energy
WbS = Well-balanced society Econ = Economy

PDH = Personal Development and Health

Figure 1. Antecedents and Consequences of Logistics Performance.

4. Results

Regression analysis was used to investigate the hypothesis that personal development
and health (PDH) mediates the effect of a well-balanced society (WbS) on LPI. The first step
is to test for a direct link between WbS and LPI (path c in Figure 1, Model A). As shown
in Table 2, this direct link is positive and significant (3 = 0.198; t = 8.087; p-value < 0.001).
Therefore, the data support H1: well-balanced societies have better logistics. The second
step is to test path a, the link between WbS and PDH. This link is also positive and
significant ( = 0.412; t = 12.272; p-value < 0.001). Thus, H2 is also supported. As expected,
well-balanced societies provide for personal development and health.

Next, a third regression is run, with both WbS and PDH as predictors of LPIL. Path b,
the link between PDH (the mediator) and LPI is positive and significant (3 = 0.351; t = 6.548;
p-value < 0.001). Thus, the data support H3 as well. Enhanced personal development and
health yield better logistics. Finally, path c’, the relationship between WbS and LPI, while
controlling for PDH, is positive but not significant (3 = 0.053; t = 1.728; p-value = 0.086).
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This gives evidence of full mediation, supporting H4. There is a strong indirect effect. Note
that nearly half of the variance in LPI is accounted for by the predictors (R? = 0.473).

Table 2. Summary of Regression to Explain LPI, with PDH as mediator.

Path R? F-Stat. Beta Std. Error t-Statistic p-Value CI (95%)

¢ (WbS — LPI) 0.314 65.40 0.198 0.025 8.087 0.000 0.150, 0.247
a (WbS — PDH) 0.513 150.61 0.412 0.034 12.272 0.000 0.346, 0.479
b (PDH | WbS — LPI) 0473 63.72 0.351 0.054 6.548 0.000 0.245, 0.457
¢’ (WbSIPDH — LPI) 0.053 0.031 1.728 0.086 —0.008, 0.114

LPI = Logistics Performance Index (dependent variable); WbS = Well-balanced society, from SSI; PDH = Personal Development and Health,

from SSI (mediator).

The ratio of indirect effect to total effect provides an estimate of the mediator ef-
fect size or the amount of mediation [54]. The ratio is calculated as fa x fb/fc, using
f coefficients for paths a, b and ¢ in Model A. In this case, magnitude of mediation is
(0.412 x 0.351)/0.198 = 0.7304. Thus, the mediator (i.e., indirect effect) accounts for 73 per-
cent of the total effect. The bootstrapped confidence interval of the indirect effect provides
a statistical test for mediation [55]. Using the Hayes PROCESS macro [52], an SPSS add
on, indicates that the indirect coefficient is significant (3 = 0.145; CI = 0.102, 0.196), since
the 95 percent confidence interval (CI) does not include zero (0). This further supports H4:
PDH is a mediator of the relationship between WbS and LPI.

Regression analysis was also used to test the hypothesis that Economy (Econ) mediates
the effect of LPI on climate and energy (C&E). Here, the first step involves testing for a
direct link between LPI and C&E (path c in Figure 1, Model B). As presented in Table 3,
this direct relationship is negative and significant ($ = —1.733; t = —7.600; p-value < 0.001).
Thus, the data support H5: high logistics performance yields environmental degradation in
the form of more emissions. Path a, the relationship between LPI and Econ is positive and
significant (3 = 0.941; t = 4.181; p-value < 0.001). Therefore, H6 is also supported. Logistics
performance enables economic activity.

Table 3. Summary of Regression Results, with Econ as mediator.

Path R? F-Stat. Beta Std. Error t-Statistic p-Value CI (95%)

¢ (LPI — C&E) 0.288 57.76 —1.733 0.228 —7.600 0.000 —2.18, —1.28
a (LPI — Econ) 0.109 17.48 0.941 0.225 4.181 0.000 0.496, 1.385
b (Econ | LPI — C&E) 0.378 1312 —0.360 0.079 —4.535 0.000 —0.518, —0.203
¢’ (LPI|Econ — C&E) —1.394 0.227 —6.153 0.000 —1.84, —0.946

LPI = Logistics Performance Index; C&E = Climate and Energy, from SSI (dependent variable); Econ = Economy, from SSI (mediator).

Again, a third regression is run, with both LPI and Econ as predictors of C&E. Path
b, the link between Econ (the mediator) and C&E is negative and significant ( = —0.360;
t = —4.535; p-value < 0.001). The data support H7 as well. Finally, path c’, the link between
LPI and C&E, controlling for Econ, is negative and significant (3 = —1.394; t = —6.153;
p-value < 0.001). This suggests any mediation is partial at best. In addition, almost 38 per-
cent of the variance in C&E is accounted for by the predictors (R2 = 0.378).

The ratio of indirect effect/total effect, i.e., the magnitude of mediation, is (0.941 x —0.360)/
—1.733 =0.1955. The mediator accounts for about twenty percent of the total effect. The PRO-
CESS macro indicates that the indirect coefficient is significant (f = —0.339; CI = —0.590,
—0.152), since the 95 percent confidence interval (CI) does not include zero (0). This
provides partial support for HS, i.e., Econ partially mediates the link between LPI and
C&E.
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5. Discussion

Logistics performance is both an antecedent and a consequence of various elements of
sustainability. Social well-being and sustainability enhances logistics performance. While
logistics performance drives economic activity and national income, it yields environmental
degradation in the form of emissions. Thus, this study confirms, clarifies and extends
the results of prior research on the impact of logistics performance on economic and
environmental well-being, e.g., [41,42,44,46], as well as the impact of social well-being on
logistics performance [35-37].

5.1. Practical Implications

National leaders looking for ways to improve their countries’ logistics performance
are advised to think about social sustainability. Healthy, educated, and respected people
are the best logisticians. For instance, gender inequality has been shown to have a neg-
ative impact on logistics performance [37]. Leaders looking for ways to improve their
environmental performance, with special reference to emissions, are advised to carefully
consider opportunities in transportation and logistics. Results of this study indicate that
the activity effect is driving the logistics performance/environmental well-being link. If
economic growth is on the agenda, i.e., the plan calls for more logistics activity, then leaders
should support policies, practices and technologies toward greater energy efficiency in
transportation, along with possible structural (i.e., modal) shifts to greener transportation.
In other words, public policy should focus on the structural and energy efficiency effects to
control GHG and other harmful emissions [38].

5.2. Theoretical Implications

The results of this study clarify conflicting results of previous research guided by the
RBV and institutional theory. Does poor governance and societal imbalance strengthen [35]
or weaken [36] national logistics performance? Using SSI indicators, this study finds that
well-balanced societies, with good governance and more equitable income distribution,
tend to have stronger logistics performance. This study also introduces the “three effects”
(activity, structural, energy efficiency) concept [38] to explain the impact of logistics on
GHG emissions. Does strong logistics performance increase or decrease emissions? The
results suggest the activity effect dominates the link between logistics performance and
emissions. Better national logistics performance attracts more activity, yielding more GHG
emissions.

5.3. Limitations

A noteworthy limitation of this study is its analysis of secondary data to investigate
antecedents and consequences of macro-logistics performance. However, both secondary
data sources can be considered credible. The SSI has been the subject of a third-party
audit [33], while the LPI has been complied by the World Bank biennially since 2010.
Another limitation pertains to the indicators available from the SSI and LPI. Future research
is needed to expand the set of variables that explain national logistics performance, to
include additional social and environmental variables, along with cultural variables. There
are also opportunities to study specific nations as cases, with an ultimate objective of
improving societal well-being, logistics performance, and environmental sustainability.

6. Conclusions

Recall the research question which guided this study: how is national logistics perfor-
mance inter-related with elements of social, economic, and environmental sustainability? In
addressing that question, several novel contributions have been made. This study appears
to feature the first use of the “three effects” concept to explain the impact of logistics on
the environment, in terms of GHG emissions. It is also the first to use indicators of the
SSI to test both antecedents and consequences of logistics performance vis-a-vis aspects
of sustainability. Finally, this study clarifies some conflicting results of previous research,
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regarding relationships between logistics and governance, as well as between logistics and
GHG emissions.

Sustainability is a topic of great breadth and depth. Like all studies on sustainability,
this one focused on a limited set of sustainability aspects or issues, including societal
balance, development and health, and climate and energy. Future research is needed to
investigate how logistics is related to other aspects of sustainability, such as the risk and
resilience of nations or the rights of Indigenous peoples.
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