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Abstract The objective of the study is to examine the long-
run and causal relationship between environmental logistics
performance indicators (ELPI) and growth-specific factors in
a panel of 15 selected global ranked logistics countries over a
period of 2007–2015. This study is exclusive as we utilized a
number of LPI factors including logistics performance, logis-
tics competence, and logistics infrastructure with mediation of
sustainable factors, i.e., carbon dioxide (CO2), fossil fuel, and
greenhouse gas (GHG) emissions in a region. The results
show that the per capita income, industry, manufacturing,
and service share to GDP is affected by CO2 emissions and
GHG emissions. Logistics competence and infrastructure pro-
mote economic growth and sectoral value added, while energy
demand and FDI inflows both are prerequisite for sustainable
agriculture in a region. The causal relationships confirm that
more energy demand results in an increase in economic
growth, industry value added, and the service sector (i.e., feed-
back hypothesis), while the sustainable supply chain system

improves energy demand, FDI inflows, economic growth, and
sectoral growth (i.e., conservation hypothesis) in a panel of
countries.
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Introduction

The notion of “green supply chain management (GSCM)” is
traced from the early 1990s, i.e., Stevens (1990), Taylor
(1992), Gupta (1995), Lamming and Hampson (1996), Min
and Galle (1997), Walton et al. (1998), Green et al. (1998),
Beamon (1999), etc. These studies mainly described the im-
portance of GSCM for sustainable profit seeking through in-
ternal, external, and functional integration of the supply chain
process. The logistics indicators are considered as a carrier to
transport different air pollutants that greatly affected coun-
tries’ economic growth. The main contribution of the study
is to assess the performance of logistics indicators under the
presence of different air pollutants and their resulting impact
on economic and sectoral growth contribution in a panel of 15
global ranked logistics countries over a period of 2007–2015.
We believe that this study provides a good policy proposal for
global health and wealth.

There are a number of studies that emphasize the need of
environment-friendly logistics activities to promote public
goods in order to achieve corporate sustainable profit, which
is ultimately transformed into advancement of the sectoral
growth of the countries. Vachon and Mao (2008) confirmed
the positive linkage between environmental sustainability and
the supply chain system and argued that the supply chain
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system significantly increases the intensity of environmental
indicators, corporate pro-active environmental policies, and
social development, which are pivotal for green supply chain
management. Hutchins and Sutherland (2008) highlighted the
need for corporate social sustainability under the premises of
the supply chain system for competitive gains. Tsoulfas and
Pappis (2008) emphasized the importance of logistics regula-
tions that need to be addressed with sustainable instruments.
The policies to mitigate environmental issues required strong
corporate vision and wisdom to adjust the environmental
concern in the production and consumption of goods that
traveled through logistics activities across the countries.
Neto et al. (2008) identified the possible linkage between cor-
porate profitability and environmental considerations under an
integrated logistics model and argued that government legis-
lation for consumer protection considerably required sustain-
able logistics activities to promote eco-labeling goods across
Europe. Pourmohammadi et al. (2008) developed an integrat-
ed environmental model to reduce environmental costs and
increase economic growth. This model has its own merit that
considerably minimizes industrial waste by sustainable
logistics activities.

Kim and Lee (2012) investigated the relationship between
stakeholder pressure and proactive environmental logistics
practices under the premises of eco-oriented culture and found
that proactive environmental practices are affected by stake-
holder pressure, which is mediated by eco-oriental culture in
the context of Korean manufacturing and logistics countries.
Song et al. (2012) argued that the logistics industry largely
consumes energy by gearing their logistics activities from
road to train and found that traveling by road significantly
decreases logistics energy usage while traveling by train con-
sumes greater logistics energy which has a considerable im-
pact on China’s logistics activities. The policies for energy
conservation are a vital component for the country’s sound
growth. Large et al. (2013) conducted a field survey of 750
logistics managers about procurement of logistics services and
found that logistics service purchasers give high weightage to
the social and ecological aspects of sustainable element that is
prerequisite for integrating economic decisions toward
healthy and wealthy logistics across the countries. Wei and
Hehua (2015) examined the relationship between energy
demand and economic growth of Shanghai, China, and
found that logistics energy demand first decreases in the
initial level of economic development; however, it
substantially increases in the later development phase of the
country. The policies should be reserved for reducing high
logistics energy demand for balancing the energy flow in a
country. Kim et al. (2016) discussed the importance of green
supply initiatives in the construction industry to reduce envi-
ronmental risks by balancing the contractor and supplier or-
ders and further promote sustainability agenda in an industry’s
corporate vision. Yang and Zhao (2016) argued that logistics

outsourcing partners, i.e., clients and vendors, both are closely
monitored in a highly volatile environment, as operational
performance considerably enhances the integration of
outsourcing partners in terms of financial incentives and over-
all firm strategic performance that contribute into the financial
performance of inter-firm relationship management toward a
sustainable environment. Mota et al. (2015, p. 14) argued that,
“Costumers and governments are pressuring companies to
become more sustainable. However, the lack of research on
how to incorporate these issues makes this a challenging
task.”

Research gap(s) and contribution of the study

The above cited literature confirmed that logistics perfor-
mance indicators are significantly associated with the
country’s economic growth, while environmental risks delimit
the growth of the industries, which required sustainable logis-
tics activities to promote green supply chain management. The
previous studies mostly focused on firm level analysis to as-
sess green supply chain management practices, while the
scope of the present study is far greater than the micro level
analysis, as it is mediated by a unique intersection of logistics
performance indices (i.e., logistics performance, logistics in-
frastructure, and logistics competence) with the nationwide
environmental factors including CO2 emissions, GHG emis-
sions, and fossil fuel energy consumption, which are helpful in
assessing the economic performance in a panel of 15 top
ranked global logistics countries for the period of 2007–2015.

Objectives of the study

The prime objective of the study is to develop an interactive
environmental model where growth factors are modeled with
logistics performance indices that are mediated by air pollu-
tion and climate change. Economic growth and sectoral
growth factors serve as a ‘response variables’, while they are
affected by logistics indices and environmental factors in a
panel of countries. The study examined the long-run and caus-
al relationship between environmental logistics performance
indicators (ELPI) and economic factors under four alternative
and plausible hypotheses: (i) ELPI and economic factors con-
firmed the bidirectional causality (i.e., feedback hypothesis);
(ii) ELPI Granger causes economic factors (i.e., conservation
hypothesis); (iii) economic factors cause ELPI Granger (i.e.,
growth hypothesis); and (iv) no causality between ELPI and
economic factors (i.e., neutrality hypothesis).

Significance of the study

The importance of the study is to analyze different patterns of
logistics activities (during the process of production to distri-
bution) that act as a driver to increase air pollutants and
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climate change to delimit economic performance and sectoral
contribution to the country’s GDP. This study provides a better
understanding of green supply chain management at the mac-
ro level where the country’s economic growth is modeled by
logistics performance indices and air quality indicators to pro-
voke sustainable environmental agenda across the countries.
This study would be helpful for environmentalists, logisti-
cians, and governmental officials to device a strong policy
framework to support global green logistics agenda for a
broad-based sustainable growth.

Data source and methodological framework

The study used a number of logistics indices and environmen-
tal factors including logistics performance index (1 = low to
5 = high), logistics competence index (1 = low to 5 = high),
logistics infrastructure index (1 = low to 5 = high), CO2 emis-
sions (metric tons per capita), fossil fuel energy consumption
(% of total), and total greenhouse gas emissions (kt of CO2

equivalent). Moreover, the study used some specific growth
measures including per capita GDP growth (annual %), sec-
toral growth including agriculture value added (annual %
growth), industry value added (annual % growth),
manufacturing value added (annual % growth), and service
value added (annual % growth). The miscellaneous factors
include foreign direct investment net inflows (% of GDP)
and energy use (kg of oil equivalent per capita) as both vari-
ables that intervene in the model to advance the environmental
logistics performance indicators (ELPI) on per capita income
and sectoral growth. The consistent time series data is used for
the period of 2007–2015 in a panel of 15 global ranked logis-
tics countries, namely, Germany, Netherlands, Belgium, UK,
Singapore, Sweden, Norway, Luxembourg, USA, Japan,
Ireland, Canada, France, Switzerland, and Hong Kong,
China. The data values filled by interpolation technique were
required. The data is taken from World Development
Indicators published by the World Bank (2015).

Logistics performance index—definition, methodology,
and scale

The logistics performance index (LPI) is used to assess
the performance of trade logistics which served as a
catalyst to promote the country’s performance in terms
of six logistics indicators including efficiency of the
custom process, quality of trade and transport-related
activities, international price shipments, competence of
logistics services, ability to track and trace consign-
ments, and expected timeliness for delivery of the prod-
ucts. It is the weight average score of all six LPI indi-
ces for measuring the country’s logistics performance
(World Bank 2016).

The World Bank extensively surveyed the LPI in col-
laboration with academia, industry, institutions, and in-
dividuals engaged in the process of supply chain distri-
bution. This survey covered around more than 5000
country assessments and approximately 1000 interna-
tional freight forwarders. The sample for the assessment
of logistics performance is merely based on randomly
selected markets in specific countries that have a diver-
sified portfolio of the import and export market. The
five-point Likert scale is used ranging from 1 (low) to
5 (high), in which respondents were asked to rate the
country’s supply chain process on six core dimensions
of logistics in a country. By using principal component
analysis, the scores are averaged and constructed into a
single aggregated component, which measures the per-
formance of the logistics supply chain in a country
(World Bank/Turku School of Economics 2010).

Figure 1 shows the trend of the study variables for a ready
reference.

These countries were selected because of two main
reasons: first, these countries are categorized as top
ranked global logistics countries which maintain a con-
siderable portion of their growth share in terms of GDP
since the last decade by the aid of travel and transport
logistics infrastructure, and second, these countries
spend their considerable earnings to reduce environmen-
tal issues that may hinder their economic growth. ELPI
is one of the viable estimation techniques to assess
global logistics environmental sustainability for a sus-
tainable green supply chain process in a region. The
ELPI served as a carrier of environmental factors affect-
ed by logistics activities; therefore, it is prerequisite to
manage environmental issues with the green supply
chain process across the countries.

Theoretical and empirical framework

The study utilized the Solow growth model to examine
the relationship between environmental logistics perfor-
mance indicators and per capita income (and sectoral
growth) in a panel of 15 global ranked logistics coun-
tries. The general specification of the Solow growth
model is as follows:

Y ¼ f K;ALð Þ ðiÞ

where Y denotes output, K is capital, A is technology, and L
denotes labor.

Equation (i) shows that output depends upon the
amount of capital stock and augmented labor; the higher
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the capital stock and labor-augmenting technology, the
higher the output will be over a period of time.

The study further modified Eq. (i) into different environ-
mental factors, substituting it with capital K and quantity of
labor L during the production, i.e.,

Y t ¼ ELPIαt;A� LPIβt ; F
γ
t ;E

φ
t ðiiÞ

where ELPI denotes environmental logistics performance in-
dicators, A is assumed as constant, LPI is the logistics perfor-
mance index, F denotes FDI inflows, E denotes energy use, t
denotes time period, and α,β, γ, and φdenote the parameter
coefficients of ELPI, LPI, F, and E, respectively.

The natural logarithmic form for Eq. (ii) is as follows:

ln Yð Þt ¼ αln ELPIð Þ þ β ln Að Þt þ ln LPIð Þt
� �þ γln Fð Þt

þ φln Eð Þt ðiiiÞ

where ln denotes natural logarithm.

The study is composed of the relationships between ELPI
and growth factors in a panel of 15 countries over a period of
2007–2015, as we examined the impact of ELPI on per capita
growth and sectoral growth; therefore, we used modeling of
simultaneous equations by a panel of GMM estimators where
the same regressors affect the sectoral growth and per capita
growth by including a lagged dependent regressor and appro-
priate instrumental lists of the exogenous variables, i.e.,

Model 1: ELPI and per capita GDP

PCGDPit ¼ α0 þ α1i CO2� LPIð Þit
þ α2i FOSFUEL� LPIð Þit þ α3i TGHG� LPIð Þit
þ α4i LPIQTTIð Þit þ α5i LPICQLSð Þit þ α6i FDIINFð Þit
þ α7i ENRGð Þit þ εit ð1Þ
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Fig. 1 Plots of level data. Source: World Bank (2015)
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Model 11: ELPI and sectoral growth

AGRTOGDPit ¼ α0 þ α1i CO2� LPIð Þit
þ α2i FOSFUEL� LPIð Þit þ α3i TGHG� LPIð Þit
þ α4i LPIQTTIð Þit þ α5i LPICQLSð Þit þ α6i FDIINFð Þit
þ α7i ENRGð Þit þ εit ð2Þ

INDTOGDPit ¼ α0 þ α1i CO2� LPIð Þit
þ α2i FOSFUEL� LPIð Þit þ α3i TGHG� LPIð Þit
þ α4i LPIQTTIð Þit þ α5i LPICQLSð Þit þ α6i FDIINFð Þit
þ α7i ENRGð Þit þ εit ð3Þ

MANTOGDPit ¼ α0 þ α1i CO2� LPIð Þit
þ α2i FOSFUEL� LPIð Þit þ α3i TGHG� LPIð Þit
þ α4i LPIQTTIð Þit þ α5i LPICQLSð Þit þ α6i FDIINFð Þit
þ α7i ENRGð Þit þ εit ð4Þ

SERTOGDPit ¼ α0 þ α1i CO2� LPIð Þit
þ α2i FOSFUEL� LPIð Þit þ α3i TGHG� LPIð Þit
þ α4i LPIQTTIð Þit þ α5i LPICQLSð Þit þ α6i FDIINFð Þit
þ α7i ENRGð Þit þ εit ð5Þ

where PCGDP denotes per capita GDP, AGRTOGDP de-
notes agriculture share to GDP, INDTOGDP denotes in-
dustry share to GDP, MANTOGDP denotes manufactur-
ing share to GDP, SERTOGDP denotes services share to
GDP, CO2 denotes carbon dioxide emissions, FOSFUEL
denotes fossil fuel energy consumption, TGHG denotes
total greenhouse gas emissions, LPI denotes logistics per-
formance index, LPIQTTI denotes LPI infrastructure,
LPICQLS denotes LPI logistics competence, FDIINF de-
notes foreign direct investment inflows, ENRG denotes
energy use, i denotes sample countries, i.e., i = 1, …,
15, t denotes study time period, i.e., t = 2007–2015, and
ε denotes error term.

Equations (1), (2) (3), (4), and (5) examine the dynamic
relationships between environmental logistics performance in-
dex and growth factors in a panel of countries. The study
employed the system panel generalized method of moments
(GMM) estimator developed by Arellano and Bond (1991) to
address the possible heterogeneity and serial correlation prob-
lems by a lagged dependent variable as a regressor and a set of
instrumental variables with first-difference transformation
processes. The following models 1 and 2 are used to estimate
the system panel GMM estimator, i.e.,

PCGDPit ¼ α0 þ α1iPCGDPi;t−1 þ α2i CO2� LPIð Þit
þ α3i FOSFUEL� LPIð Þit þ α4i TGHG� LPIð Þit
þ α5i LPIQTTIð Þit þ α6i LPICQLSð Þit
þ α7i FDIINFð Þit þ α8i ENRGð Þit þ zit þ εit ð1aÞ

AGRTOGDPit ¼ α0 þ α1iAGRTOGDPi;t−1

þ α2i CO2� LPIð Þit þ α3i FOSFUEL� LPIð Þit
þ α4i TGHG� LPIð Þit þ α5i LPIQTTIð Þit
þ α6i LPICQLSð Þit þ α7i FDIINFð Þit þ α8i ENRGð Þit
þ zit þ εit ð2aÞ

INDTOGDPit ¼ α0 þ α1iINDTOGDPi;t−1

þ α2i CO2� LPIð Þit þ α3i FOSFUEL� LPIð Þit
þ α4i TGHG� LPIð Þit þ α5i LPIQTTIð Þit
þ α6i LPICQLSð Þit þ α7i FDIINFð Þit þ α8i ENRGð Þit
þ zit þ εit ð3aÞ

MANTOGDPit ¼ α0 þ α1iMANTOGDPi;t−1

þ α2i CO2� LPIð Þit þ α3i FOSFUEL� LPIð Þit
þ α4i TGHG� LPIð Þit þ α5i LPIQTTIð Þit
þ α6i LPICQLSð Þit þ α7i FDIINFð Þit þ α8i ENRGð Þit
þ zit þ εit ð4aÞ

SERTOGDPit ¼ α0 þ α1iSERTOGDPi;t−1

þ α2i CO2� LPIð Þit þ α3i FOSFUEL� LPIð Þit
þ α4i TGHG� LPIð Þit þ α5i LPIQTTIð Þit
þ α6i LPICQLSð Þit þ α7i FDIINFð Þit þ α8i ENRGð Þit
þ zit þ εit ð5aÞ

where, t − 1 shows the lagged dependent variable and z de-
notes the instrumental list.

Equations (1a) (2a), (3a), (4a), and (5a) show the lagged
dependent variable as a regressor along with the instrumental
list including the first lagged ELPI variables, FDI inflows, and
energy use. The cross section fixed effects are traced out by
the Sargan-Hansen J statistic and instrumental ranks, while the
Arellano-Bond serial correlation test is used to detect the pos-
sible autocorrelation problem in the given models. The lagged
dependent variable is assumed to have a negative sign with the
nominal dependent variable that would show the ‘long-run
convergence’ between the variables over a period of time,
while ELPI is expected to have a positive sign in case of
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environmental destruction and a negative sign in favor of en-
vironmental protection. The other two LPI indices including
LPI infrastructure and LPI international competence both are
expected to have a positive sign in order to support economic
activities and sectoral contribution to GDP. The miscellaneous
variables, i.e., FDI inflows and energy demand, both are ex-
pected to have a positive sign with per capita income and
sectoral contribution to GDP in a panel of countries.

Results and discussions

Descriptive statistics and correlation matrices are presented in
Table 1. In panel A, the mean values of agriculture share to
GDP, industry share to GDP, manufacturing share to GDP, and
services share to GDP are about 0.730, 0.775, 0.604, and
1.918 %, respectively, while the maximum share of agricul-
ture, industry, manufacturing, and services to GDP is about
29.335, 23.910, 29.675, and 12.819 %, respectively. The
mean values of CO2 emissions, energy use, FDI inflows, fossil
fuel energy consumption, total greenhouse gas emissions, and
per capita income is about 9.533 metric tons per capita,
4761.353 kg of oil equivalent per capita, 11.194 % of GDP,
75.559% of total energy consumption, 774,961.900 kt of CO2

equivalent, and 0.709 %, respectively. The average value of
LPI of international competence is about 3.948, for LPI of
infrastructure about 4.053, and for overall LPI about 3.939.

These statistics indicate the following conclusive remarks:

1. The service sector has a greater mean value as compared
to the agriculture, industry, and manufacturing sectors,
while the manufacturing sector has a maximum value as
compared to other sectoral growth to GDP. These statis-
tics show that sectoral growth in terms of the service sec-
tor consistently improves, which facilitates an increase in
energy demand in a region.

2. Air quality indicators including CO2 emissions, fossil fu-
el, and GHG emissions considerably increase over a peri-
od of time, which deteriorate the natural environment of
the region.

3. The minimum value of logistics indicators, i.e., logistics
overall performance, logistics competence, and logistics
infrastructure, fall in the index value of 3 to 3.5, which
considered as the average performance of the supply
chain across the countries.

4. Finally, the average growth rate of FDI inflows and per
capita income is around 11.194 and 0.709%, respectively,
which shows the relative importance of FDI inflows and
per capita income in environmental sustainability agenda
in a region.

Table 1 panel B presented the results of the correlation
matrix and found that there is a positive correlation with

CO2 emission, energy use, FDI inflows, logistics indicators,
and GHG emissions with the agriculture value added, while it
has a negative correlation with the fossil fuel. Industry value
added has a negative correlation with the CO2 emission, en-
ergy use, and GHG emissions, while it has a positive correla-
tion with the FDI inflows, fossil fuel energy consumption, and
logistics performance index in a region. The manufacturing
sector considerably decreases CO2 emission and fossil fuel
energy consumption while it increases FDI inflows and logis-
tics performance indices. Moreover, there is a positive corre-
lation with fossil fuel energy, energy demand, FDI inflows,
and LPI indicators in the service sector, while there is a neg-
ative correlation with CO2 emissions and GHG emissions in
the service sector. Finally, per capita income significantly re-
duces CO2 emissions, energy use, and GHG emissions, while
it increases FDI inflows, fossil fuel energy consumption, and
logistics performance indices across the countries. Followed
by the estimation of the correlation matrix, the study estimates
panel GMM for model 1 and presents the results in Table 2.

The results show that the lagged dependent variable has a
positive relationship with the nominal term of its dependent
variable, which shows the long-run convergence between the
variables. The results of environmental logistics indicators
including interaction term of LPI and carbon emissions have
a negative and significant correlation with the per capita in-
come, which implies that along with the one unit increase in
carbon emissions as metric tons per capita, per capita income

Table 2 Estimates of panel generalized method of moments for per
capita GDP

Variables PGMM(1) PGMM(2) PGMM(3)

PCGDPt-1 −0.289* −0.281* −0.267**
CO2 × LPI 0.224 0.194 −0.770**
FOSFUEL × LPI −0.020 −0.063 −0.079
TGHG × LPI 4.64E−06** 4.81E−06** 1.08E−06
LPIQTTI – 4.886 8.590

LPICQLS – 2.792 11.369**

FDIINF – – −0.050
ENRG – – 0.017*

Cross section-fixed (first differences)

J statistic 1.58E−30 7.88E−30 1.04E−29
Instrumental rank 4 6 8

Arellano-Bond serial correlation test

AR(1) −4.879* −4.712* −1.600
AR(2) −3.164* −2.937* −1.485

Note: Dependent variable: PCGDP

PGMM panel generalizedmethod ofmoments,CO2 carbon dioxide emis-
sions, ENRG energy use, FDIINF FDI inflows, FOSFUEL fossil fuel
energy consumption, LPI logistics performance index, LPICQLS LPI of
international competence, LPIQTTI LPI of infrastructure, PCGDP per
capita GDP, TGHG total greenhouse gas emissions

*Significance at the 1 % level; **significance at the 5 % level
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decreases by −0.770%, p < 0.050. The interaction term of LPI
and GHG emissions exhibits a positive relationship with the
per capita income, which implies that per capita income in-
creases on the cost of LPI activities that exacerbate the climat-
ic conditions and increase the GHG emissions in a region. The
policies to formulate a sustainable green supply process to
mitigate GHG emissions required sound government inter-
ventions in order to monitor LPI activities that deteriorate
the environment and intensify air pollutants in the atmosphere.
The LPI of international competence and energy demand both
considerably increase the per capita income of the region. The
policies to strengthen the different components of LPI and
macroeconomic factors would help to reduce the burden of
air pollutants and climatic variations across the countries.

The other statistical tests including cross section fixed es-
timates confirm that the Sargan-Hansen J statistics and the
instrumental rank both provoke the validity of the prescribed
instruments of the models, while the problem of serial corre-
lation is detected in PGMM (1) and PGMM(2) by AR(1) and
AR(2), as the significant values of AR(1) and AR(2) clearly
show the presence of serial correlation in the per capita in-
come model, However, autocorrelation is expected to occur
due to exclusion of some other potential explanatory variables
that are incorporated in PGMM(3) and we found that the
values of AR(2) tend to become insignificant, which confirms
that such autocorrelation problem does not exist in the per
capita income model. Followed by the results of panel
GMM estimates for the per capita income model, the study
further estimates panel GMM for sectoral growth and presents
the results in Table 3.

The results further show that the environmental logistics
indicator of CO2 emission significantly decreases the
manufacturing and service share to GDP; however, the inten-
sity to decrease the manufacturing share is far greater than that
of the service share to GDP across the countries. The impact of
the environmental logistics indicator of fossil fuel energy con-
sumption does not significantly explain its impact on sectoral
growth during the study time period. The industrial and
manufacturing share to GDP significantly increases on the
cost of the increase in the share of the environmental logistics
indicator of GHG emission. The LPI of infrastructure signif-
icantly increases the agriculture and service share to GDP,
while the LPI of international competence supports agriculture
value added across the countries. FDI inflows have a signifi-
cant and positive relationship with the agriculture share to
GDP while energy demand significantly increases the indus-
try, manufacturing, and service share to GDP. The results em-
phasized the need for sustainable long-term policy planning in
order to strengthen the growth-specific factors and logistics
performance indices to reduce air pollutants and greenhouse
gas emissions in a region.

The validity of the prescribed instruments for the sectoral
growth factors is detected by the Sargan-Hansen J statistics

and their instrument ranks, where a serial correlation problem
is detected by AR(1) and AR(2). The estimated equations
where we did not include all the regressors were expected to
show a serial correlation problem, while it overcomes the
inclusion of all variables, and found no autocorrelation prob-
lem in the sectoral growth factors. Table 4 shows the summary
and comparison of the results for ready reference.

Table 4 presented the results in support of previous litera-
ture. Chapman et al. (2003) argued that innovation in logistics
services expedites the process of resource mobilization that
would facilitate growth of new business models for competi-
tiveness. Hesse and Rodrigue (2004) emphasized the need for
advancement of logistics infrastructure and quality of goods
that are linked with the transportation and freight distribution
in order to improve the life cycle of the transported goods. Rao
and Holt (2005) confirmed the positivity of ‘green supply
chain management practices’ that are helpful to enhance the
economic performance for the greening of the different com-
ponents of the supply chain process. Facanha and Horvath
(2005) concluded that logistics outsourcing has a profound
impact on the process of supply chain management, as logis-
tics outsourcing considerably reduces climatic concerns and
fatalities and utilizes energy efficiently. Hausman et al. (2005)
argued that logistics indicators are helpful for the increase in
bilateral trade and the advancement of operational
performance of the economic and financial variables in order
to reap maximum gains from trade. Meyer et al. (2007) sup-
ported that climate change is affected by logistics transport
activities, as an increase in the number of car vehicles consid-
erably increases global CO2 emissions. Brooks (2008) linked
logistics, trade, and infrastructure in Asian perspectives and
found that logistics activities aid to facilitate export-driven
growth, which further helps to reap economic profit by
expanding linkages of the global supply chain for producers.
Saatçioglu et al. (2009) favored electronic logistics and trans-
port (e-logistics and transport) services for maintaining the
high standard of the supply chain process in a country.
Shukla et al. (2009) emphasized the early adoption of green
supply chain management for addressing environmental is-
sues to meet sustainable growth agenda nationwide. Arora
et al. (2011) projected future oil demand, motor vehicles
demand, and CO2 emissions and showed that oil demand by
2040would be 8.5 to 15.1million barrels per day, while motor
vehicles would be 206 to 309 million and corresponding CO2

emissions would be 1.2 to 2.2 billion metric tons. Tang and
Zhou (2012) stressed the need for sustainable operations in
business competitive profit, conservation of natural resources,
and healthy development activities by green operations re-
search. Ross et al. (2012) confirmed that environmental sus-
tainability is affected by the development of supply chain
infrastructure that not only deteriorates a country’s natural
environment but also affects social equity. Dekker et al.
(2012) concluded that environmental concern especially air
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pollutants and greenhouse gas emissions rapidly emerged due
to four main economic activities including production of
goods, transportation of goods, storage of goods, and
consumption of goods, all of which have a deleterious
impact on the natural environment but which could be
sustained by green logistics operation across the globe. Lai
and Wong (2012) confirmed that operational and
environmental performance should be achieved through
green logistics management and practices, while regulatory
intervention in the operational and environmental
performance is helpful for the enhancement of the
performance of green logistics across the countries.
Liimatainen and Pöllänen (2013) presented the overwhelming
fact regarding road freight transport and carbon emissions, as
carbon emissions gradually decline by the strong policy inter-
vention regarding logistics freight, i.e., the low carbon accom-
panied by balancing between transporting parceled goods and
transporting bulk goods that emit less carbon emissions, and it
is further linked with trade and technology shift for energy
utilization for sectoral development to sustain green growth
agenda.

There are a number of studies that support the positive flow
of FDI toward economic growth via technological advance-
ment and knowledge spillovers, such as Borensztein et al.
(1998), De Mello (1999), Bengoa and Sanchez-Robles
(2003), Hansen and Rand (2006), Lee (2013), etc. Following
FDI inflows, energy demand is another potential determinant
that has a significant impact on economic growth, as Lee and
Chang (2008) confirmed the cointegrated relationship be-
tween energy demand and economic growth in Asian

perspectives. Shahbaz et al. (2015) concluded that renewable
energy boosts economic growth under the presence of capital
and labor, while Bhattacharya et al. (2016) argued that renew-
able energy is the promising solution for sustainable develop-
ment which may be enlarged with the government-regulated
bodies to promote cleaner technologies across the countries.
Ramakrishnan et al. (2016) concluded that global environ-
mental sustainability agenda is affected by air pollutants, en-
ergy demand, population growth, trade policy, and per capita
food production. Qureshi et al. (2016) confirmed the signifi-
cant association between electricity production and growth-
specific factors in the world’s largest regions. Zaman et al.
(2016) revealed that energy demand increases BRICS’ eco-
nomic growth while sustainability agenda is compromised by
air quality indicators that affect the process of green growth
agenda in a region.

Table 5 shows the causal relationship between ELPI and
per capita income) by ‘block exogeneity wald test’.

The multivariate causality relationship was obtained by
wald chi-squared statistics, and it was found that per capita
income has a bidirectional causal relationship with energy
demand while energy demand has a unidirectional relation-
ship with LPI of international competence across the coun-
tries. Environmental logistics performance indicators includ-
ing CO2 emission have a unidirectional causal relationship
with per capita income and energy demand; ELPI of fossil
fuel energy consumption and GHG emissions both have a
unidirectional causal relationship with per capita income,
FDI inflows, and energy demand; LPI of infrastructure has a
unidirectional causality with energy demand; LPI of

Table 4 Summary and comparison of the results

Statement (S) Results Decisions Supported with the previous literatures

S1: Logistics performance index (LPI)
increases air pollutants that affected per
capita income and sectoral value added

LPI in case of CO2 emissions decreases per
capita income and manufacturing share to
GDP and the service sector, while LPI in
case of GHG emissions increases per
capita income and industry share to GDP
and the manufacturing sector.

Partially
accept-
ed

Rao and Holt (2005); Facanha and Horvath
(2005); Meyer et al. (2007); Chandra
Shukla et al. (2009); Arora et al. (2011);
Tang and Zhou (2012); Ross et al. (2012);
Dekker et al. (2012); Lai and Wong
(2012); Liimatainen and Pöllänen (2013),
etc.

S2: Quality of travel and transport
infrastructure and logistics competence
both have a positive impact on economic
growth and sectoral share to GDP.

Logistics competence increases per capita
income, industry, manufacturing, and
service sectors, while logistics
infrastructure supported agriculture and
service share to GDP.

Accepted Chapman et al. (2003); Hesse and Rodrigue
(2004); Brooks (2008); Saatçioglu et al.
(2009)

S3: FDI inflows increase per capita income
and sectoral value added.

FDI increases agriculture share to GDP. Partially
accept-
ed

Hausman et al. (2005); Borensztein et al.
(1998); De Mello (1999); Bengoa and
Sanchez-Robles (2003); Hansen and Rand
(2006); Lee (2013), etc.

S4: Energy demand increases per capita
income and sectoral value added.

Energy demand increases per capita income,
industry, manufacturing, and service value
added.

Accepted Lee and Chang (2008); Shahbaz et al. (2015);
Bhattacharya et al. (2016); Ramakrishnan
et al. (2016); Qureshi et al. (2016); Zaman
et al. (2016), etc.

Source: Authors’ estimation
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international competence Granger causes FDI inflows; FDI
inflows induces ELPI of CO2 emission; and energy demand
Granger causes LPI of international competence. The remain-
ing causal relationships are neutral, although they are highly
correlated in regression apparatus. Table 6 shows the causality
relationships between ELPI and sectoral growth.

The results of multivariate Granger causality confirm the
feedback relationship between agriculture share to GDP and
FDI inflows, while there is unidirectional causality running
from ELPI of fossil fuel energy consumption to agriculture
share to GDP and FDI inflows, from LPI of infrastructure to
energy demand, from LPI of international competence to ag-
riculture and FDI inflows, and from FDI inflows to ELPI of
carbon emissions. There is a bidirectional causality relation-
ship between industry value added to energy demand and
between LPI of infrastructure and energy demand, while there
is a unidirectional causality relationship running from industry
to LPI of international competence, from ELPI of CO2 emis-
sion to industry and energy demand, from ELPI of fossil fuel
energy to FDI inflows and energy demand, from GHG emis-
sions to FDI inflows, from LPI of international competence to
FDI inflows, and from FDI inflows to ELPI of carbon emis-
sions. The results confirm the feedback relationship between
manufacturing and energy demand, while there is a unidirec-
tional causality relationship running from manufacturing to
LPI of international competence and FDI inflows, from
ELPI of carbon emissions to manufacturing, and from energy
demand to LPI of international competence. There is a bidi-
rectional casualty relationship between ELPI of carbon emis-
sions and FDI inflows, between LPI of infrastructure and en-
ergy demand, between FDI inflows and services and ELPI of
carbon emissions, and between energy demand and LPI of
infrastructure. The results confirm the unidirectional causality
running from services to LPI of international competence and
FDI inflows, from ELPI of CO2 emission to the service sector,

from ELPI of CO2 emission to energy demand, from fossil
fuel energy consumption to the service sector, from ELPI of
GHG emissions to the service sector, and from energy demand
to the service sector. The causality analysis is helpful for de-
vising global sustainable supply chain strategy for long-term
growth.

Conclusions

The long-term and sustained logistics policy is required
to promote environmental goods in order to minimize
the effects of CO2 emission and GHG emissions by
sustainable supply chain management practices. The
main contribution of the study is to develop a unique
environmental sustainable model, which is aligned with
logistics performance indices, air quality indicator, and
growth-specific factors in a panel of 15 global ranked
logistics countries. This study used three diversified en-
vironmental logistics performance indicators (ELPI) in-
cluding CO2 emission, fossil fuel energy consumption,
and GHG emissions with the interaction of the logistics
performance index (LPI) which serves as a carrier to
transport air pollutants during the supply chain process
in a region. In addition, the study used LPI of infra-
structure and LPI of international competence; both of
the LPIs simultaneously have an impact on per capita
income and sectoral growth across the countries. The
study used FDI inflows and energy demand as interven-
ing variables which enhance the strength of ELPI and
LPI factors to affect income and sectoral growth of the
region. The study employed the system panel GMM
estimator to address the problem of possible heteroge-
neity and serial correlation in the given models. The
results show that ELPI factors, LPIs, FDI inflows, and

Table 5 Estimates of block
exogeneity wald test for per capita
GDP

Variables PCGDP CO2 ×
LPI

FOSFUEL
× LPI

TGHG×
LPI

LPIQTTI LPICQLS FDIINF ENRG

PCGDP – ≠ ≠ ≠ ≠ ≠ ≠ ↔

CO2 × LPI → – ≠ ≠ ≠ ≠ ≠ →

FOSFUEL
× LPI

→ ≠ – ≠ ≠ ≠ → →

TGHG ×
LPI

→ ≠ ≠ – ≠ ≠ → ≠

LPIQTTI ≠ ≠ ≠ ≠ – ≠ ≠ →

LPICQLS ≠ ≠ → ≠ ≠ – → ≠
FDIINF ≠ → ≠ ≠ ≠ ≠ – ≠
ENRG ↔ ≠ ≠ ≠ ≠ → ≠ –

CO2 carbon dioxide emissions, ENRG energy use, FDIINF FDI inflows, FOSFUEL fossil fuel energy consump-
tion, LPI logistics performance index, LPICQLS LPI of international competence, LPIQTTI LPI of infrastructure,
PCGDP per capita GDP, TGHG total greenhouse gas emissions, → unidirectional causality, ↔ bidirectional
causality, ≠ no causality between the variables
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energy demand all have a differential impact on per
capita income and sectoral growth in a region. LPIs’
factors, FDI inflows, and energy demand considerably
increase per capita income and sectoral growth, while

ELPI factors have a positive and/or negative impact on
income and sectoral growth across the countries. The
causal relationships confirm the bidirectional causality
between the service sector and (i) energy demand, (ii)

Table 6 Estimates of block exogeneity wald test for sectoral growth

Variables AGRTOGDP CO2 × LPI FOSFUEL × LPI TGHG × LPI LPIQTTI LPICQLS FDIINF ENRG

Agriculture share to GDP

AGRTOGDP – ≠ ≠ ≠ ≠ ≠ ↔ ≠
CO2 × LPI ≠ – ≠ ≠ ≠ ≠ ≠ ≠
FOSFUEL × LPI → ≠ – ≠ ≠ ≠ → ≠
TGHG × LPI ≠ → ≠ – ≠ ≠ ≠ ≠
LPIQTTI ≠ ≠ ≠ ≠ – ≠ ≠ →

LPICQLS → ≠ → ≠ ≠ – → ≠
FDIINF ↔ → ≠ ≠ ≠ ≠ – ≠
ENRG ≠ ≠ ≠ ≠ ≠ ≠ ≠ –

Variables INDTOGDP CO2 × LPI FOSFUEL × LPI TGHG × LPI LPIQTTI LPICQLS FDIINF ENRG

Industry share to GDP

INDTOGDP – ≠ ≠ ≠ ≠ → ≠ ↔

CO2 × LPI → – ≠ ≠ → ≠ ≠ →

FOSFUEL × LPI ≠ ≠ – ≠ ≠ ≠ → →

TGHG × LPI ≠ ≠ ≠ – ≠ ≠ → ≠
LPIQTTI ≠ ≠ ≠ ≠ – ≠ ≠ ↔

LPICQLS ≠ ≠ → ≠ ≠ – → ≠
FDIINF ≠ → ≠ ≠ ≠ ≠ – ≠
ENRG ↔ ≠ ≠ ≠ ↔ ≠ ≠ –

variables MANTOGDP CO2 × LPI FOSFUEL × LPI TGHG × LPI LPIQTTI LPICQLS FDIINF ENRG

Manufacturing share to GDP

MANTOGDP – ≠ ≠ ≠ ≠ → → ↔

CO2 × LPI → – ≠ ≠ ≠ ≠ ≠ →

FOSFUEL × LPI ≠ ≠ – ≠ ≠ ≠ → →

TGHG × LPI ≠ → ≠ – ≠ ≠ → ≠
LPIQTTI ≠ ≠ ≠ ≠ – ≠ ≠ →

LPICQLS ≠ ≠ → ≠ ≠ – → ≠
FDIINF ≠ → ≠ ≠ ≠ ≠ – ≠
ENRG ↔ ≠ ≠ ≠ ≠ → ≠ –

Variables SERTOGDP CO2 × LPI FOSFUEL × LPI TGHG × LPI LPIQTTI LPICQLS FDIINF ENRG

Services Share to GDP

SERTOGDP – ≠ ≠ ≠ ≠ → → ≠
CO2 × LPI → – ≠ ≠ → ≠ ↔ →

FOSFUEL × LPI → ≠ – ≠ ≠ ≠ ≠ →

TGHG × LPI → → ≠ – ≠ ≠ → ≠
LPIQTTI ≠ ≠ ≠ ≠ – ≠ ≠ ↔

LPICQLS ≠ ≠ → ≠ ≠ – → ≠
FDIINF ↔ ↔ ≠ ≠ ≠ ≠ – ≠
ENRG → ≠ ≠ ≠ ↔ → ≠ –

AGRTOGDP agriculture share to GDP, CO2 carbon dioxide emissions, ENRG energy use, FDIINF FDI inflows, FOSFUEL fossil fuel energy con-
sumption, INDTOGDP industry share to GDP, LPI logistics performance index, LPICQLS LPI of international competence, LPIQTTI LPI of infra-
structure, MANTOGDP manufacturing share to GDP, SERTOGDP services share to GDP, TGHG total greenhouse gas emissions, → unidirectional
causality, ↔ bidirectional causality, ≠ no causality between the variables
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per capita income, and (iii) industry value added, while
there is a unidirectional causality running from ELPI to
(i) energy demand, (ii) FDI inflows, (iii) economic
growth, and (iv) sectoral growth in a panel of countries.

These results are helpful in devising long-term green sup-
ply chain management policies that are helpful for the conser-
vation of natural resources and the resolution of environmen-
tal issues for a healthy and clean environment. The logistics
performance index is considered as a viable instrument to
assess the efficiency of the supply chain management process,
which is further linked with the countries’ external environ-
ment which influences energy demand and economic growth,
as well as the country’s natural environment in order to in-
dulge with the global competitive war of better health and
wealth. The logistics support provides a carrier to transport
pollutants in the environment and climate change which dam-
age the global natural flora. The policies to preserve our nat-
ural resources and mitigate GHG emissions are possible by
strengthening the logistics sector, while sound sustainable pol-
icies are required to promote supply chain management that
would be helpful in achieving the green growth agenda across
the countries.

References

Arellano M, Bond S (1991) Some tests of specification for panel data:
Monte Carlo evidence and an application to employment equations.
Rev Econ Stud 58(2):277–297

Arora, S., Vyas, A., & Johnson, L. R. (2011, February). Projections of
highway vehicle population, energy demand, and CO2 emissions in
India to 2040. In: Natural Resources Forum, vol. 35, No. 1.
Blackwell Publishing Ltd, pp 49–62

Beamon BM (1999) Designing the green supply chain. Logist Inf Manag
12(4):332–342

BengoaM, Sanchez-Robles B (2003) Foreign direct investment, econom-
ic freedom and growth: new evidence from Latin America. Eur J
Polit Econ 19(3):529–545

BhattacharyaM, Paramati SR, Ozturk I, Bhattacharya S (2016) The effect
of renewable energy consumption on economic growth: evidence
from top 38 countries. Appl Energy 162:733–741

Borensztein E, De Gregorio J, Lee JW (1998) How does foreign direct
investment affect economic growth? J Int Econ 45(1):115–135

Brooks, D. H. (2008). Linking Asia’s trade, logistics, and infrastructure.
Asian Development Bank. Online available at: https://adb-test.
atmire.com/handle/11540/3716. Accessed 31 July 2016

Chandra Shukla A, Deshmukh SG, Kanda A (2009) Environmentally
responsive supply chains: learnings from the Indian auto sector.
Journal of Advances in Management Research 6(2):154–171

Chapman RL, Soosay C, Kandampully J (2003) Innovation in logistic
services and the new business model: a conceptual framework.
International Journal of Physical Distribution & Logistics
Management 33(7):630–650

De Mello LR (1999) Foreign direct investment-led growth: evidence
from time series and panel data. Oxf Econ Pap 51(1):133–151

Dekker R, Bloemhof J, Mallidis I (2012) Operations research for green
logistics—an overview of aspects, issues, contributions and chal-
lenges. Eur J Oper Res 219(3):671–679

Facanha C, Horvath A (2005) Environmental assessment of logistics
outsourcing. J Manag Eng 21(1):27–37

Green K,Morton B, New S (1998) Green purchasing and supply policies:
do they improve companies’ environmental performance? Supply
Chain Management: An International Journal 3(2):89–95

Gupta MC (1995) Environmental management and its impact on the
operations function. Int J Oper Prod Manag 15(8):34–51

Hansen H, Rand J (2006) On the causal links between FDI and growth in
developing countries. World Econ 29(1):21–41

Hausman, W. H., Lee, H. L., & Subramanian, U. (2005) Global logistics
indicators, supply chain metrics, and bilateral trade patterns. World
Bank Policy Res Work Pap (3773)

Hesse M, Rodrigue JP (2004) The transport geography of logistics and
freight distribution. J Transp Geogr 12(3):171–184

Hutchins MJ, Sutherland JW (2008) An exploration of measures of social
sustainability and their application to supply chain decisions. J Clean
Prod 16(15):1688–1698

Kim ST, Lee SY (2012) Stakeholder pressure and the adoption of envi-
ronmental logistics practices: is eco-oriented culture a missing
link?.The. Int J Logist Manag 23(2):238–258

KimMG,Woo C, Rho JJ, Chung Y (2016) Environmental capabilities of
suppliers for green supply chain management in construction pro-
jects: a case study in Korea. Sustainability 8(1):82–91

Lai KH, Wong CW (2012) Green logistics management and perfor-
mance: some empirical evidence from Chinese manufacturing ex-
porters. Omega 40(3):267–282

Lamming R, Hampson J (1996) The environment as a supply chain man-
agement issue. Br J Manag 7(s1):S45–S62

Large RO, Kramer N, Hartmann RK (2013) Procurement of logistics
services and sustainable development in Europe: fields of activity
and empirical results. J Purch Supply Manag 19(3):122–133

Lee JW (2013) The contribution of foreign direct investment to clean
energy use, carbon emissions and economic growth. Energy
Policy 55:483–489

Lee CC, Chang CP (2008) Energy consumption and economic growth in
Asian economies: a more comprehensive analysis using panel data.
Resour Energy Econ 30(1):50–65

Liimatainen H, Pöllänen M (2013) The impact of sectoral economic de-
velopment on the energy efficiency and CO2 emissions of road
freight transport. Transp Policy 27:150–157

Meyer I, Leimbach M, Jaeger CC (2007) International passenger trans-
port and climate change: a sector analysis in car demand and asso-
ciated CO2 emissions from 2000 to 2050. Energy Policy 35(12):
6332–6345

Min H, Galle WP (1997) Green purchasing strategies: trends and impli-
cations. J Supply Chain Manag 33(3):10–17

Mota B, Gomes MI, Carvalho A, Barbosa-Povoa AP (2015) Towards
supply chain sustainability: economic, environmental and social de-
sign and planning. J Clean Prod 105:14–27

Neto JQF, Bloemhof-Ruwaard JM, van Nunen JA, van Heck E (2008)
Designing and evaluating sustainable logistics networks. Int J Prod
Econ 111(2):195–208

Pourmohammadi H, Rahimi M, Dessouky M (2008) Sustainable reverse
logistics for distribution of industrial waste/byproducts: a joint opti-
mization of operation and environmental costs. Supply Chain
Forum: an International Journal 9(1):2–17

Qureshi MI, Rasli AM, Zaman K (2016) Energy crisis, greenhouse gas
emissions and sectoral growth reforms: repairing the fabricated mo-
saic. J Clean Prod 112:3657–3666

Ramakrishnan S, Hishan SS, Nabi AA, Arshad Z, Kanjanapathy M,
Zaman K, Khan F (2016) An interactive environmental model for
economic growth: evidence from a panel of countries. Environ Sci
Pollut Res 23(14):14567–14579

Rao P, Holt D (2005) Do green supply chains lead to competitiveness and
economic performance? Int J Oper Prod Manag 25(9):898–916

1530 Environ Sci Pollut Res (2017) 24:1518–1531

http://dx.doi.org/https://adb-test.atmire.com/handle/11540/3716
http://dx.doi.org/https://adb-test.atmire.com/handle/11540/3716


Ross AD, Parker H, del Mar Benavides-Espinosa M, Droge C (2012)
Sustainability and supply chain infrastructure development.
Management Decision 50(10):1891–1910

Saatçioglu ÖY, Deveci DA, Güldem Cerit A (2009) Logistics and trans-
portation information systems in Turkey: e-government perspec-
tives. Transforming Government: People, Process and Policy 3(2):
144–162

Shahbaz M, Loganathan N, Zeshan M, Zaman K (2015) Does renewable
energy consumption add in economic growth? An application of
auto-regressive distributed lag model in Pakistan. Renew Sust
Energ Rev 44:576–585

Song M, Wang S, Jiang Z, Yang J, Wang Y (2012) Will environmental
logistics be promoted by changing industrial structure? A quantita-
tive analysis from 1978 to 2007 in China. Supply Chain
Management: An International Journal 17(1):5–14

Stevens GC (1990) Successful supply-chain management. Manag Decis
28(8):25–35

Tang CS, Zhou S (2012) Research advances in environmentally and
socially sustainable operations. Eur J Oper Res 223(3):585–594

Taylor SR (1992) Green management: the next competitive weapon.
Futures 24(7):669–680

Tsoulfas GT, Pappis CP (2008) A model for supply chains environmental
performance analysis and decision making. J Clean Prod 16(15):
1647–1657

Vachon S, Mao Z (2008) Linking supply chain strength to sustainable
development: a country-level analysis. J Clean Prod 16(15):1552–
1560

Walton SV, Handfield RB, Melnyk SA (1998) The green supply chain:
integrating suppliers into environmental management processes. Int
J Purch Mater Manag 34(1):2–11

Wei, C., & Hehua, L. (2015). Research on the relationship between lo-
gistics industry energy consumption and economic development in
Shanghai. Asia-pacific energy equipment engineering research con-
ference (AP3ER 2015), pp 488–491. Online available at: www.
atlantis-press.com/116_AP075.pdf. Accessed 16 May 2016

World Bank (2015). Logistics performance index. World Bank,
Washington D.C. Online available at: http://lpi.worldbank.
org/about. Accessed 30 July, 2016

World Bank (2016) World development indicators. World Bank,
Washington D.C

World Bank/ Turku School of Economics (2010). The logistics perfor-
mance index and its indicators, connecting to compete 2010 trade
logistics in the global economy, World Bank and Turku school of
economics, Washington, DC 20433

Yang Q, Zhao X (2016) Are logistics outsourcing partners more integrat-
ed in a more volatile environment? Int J Prod Econ 171:211–220

Zaman K, bin Abdullah A, Khan A, binMohdNasir MR, Hamzah TAAT,
Hussain S (2016) Dynamic linkages among energy consumption,
environment, health and wealth in BRICS countries: green growth
key to sustainable development. Renew Sust Energ Rev 56:1263–
1271

Environ Sci Pollut Res (2017) 24:1518–1531 1531

http://dx.doi.org/http://www.atlantis-press.com/116_AP075.pdf
http://dx.doi.org/http://www.atlantis-press.com/116_AP075.pdf
http://dx.doi.org/http://lpi.worldbank.org/about
http://dx.doi.org/http://lpi.worldbank.org/about

	Environmental...
	Abstract
	Introduction
	Research gap(s) and contribution of the study
	Objectives of the study
	Significance of the study

	Data source and methodological framework
	Logistics performance index—definition, methodology, and scale
	Theoretical and empirical framework

	Results and discussions
	Conclusions
	References


