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Based on the logistics performance index proposed by theWorld Bank, this study uses the
entropy method to construct the green logistics performance index and empirically
analyzes the impact of the green logistics performance of Regional Comprehensive
Economic Partnership (RCEP) countries on China’s export trade using the expanded
trade gravity model. The results show that the green logistics performance of RCEP
countries can significantly promote China’s export trade to RCEP countries, and various
measures to improve green logistics performance have different impacts on China’s export
trade. The order of influence degree is the efficiency of a customs clearance procedure, the
convenience of arranging freight with a competitive price, the timeliness of cargo
transportation, the ability and quality of logistics service, and the intensity of CO2 and
N2O emission. To promote China’s export trade, we should give full play to the functions of
the customs of various countries and improve the efficiency of regulatory procedures. The
regression results reveal that GLPI has a significant and positive impact on export trade
RCEP countries, as indicated by the coefficient value of 2.887 at a 1% level of significance.
The component factors of GLPI also positively and significantly influence the export trade,
but carbon emissions and nitrogen emissions proved to be negative. This study establish
with RCEP countries, promote the layout of logistics transport routes among RCEP
members, and enhance the popularity of green logistics services; Give full play to the
positive role of regional economic organizations and mechanisms, and promote green
logistics cooperation between RCEP member countries with high and low GLPI; Through
logistics planning, logistics policy and advanced low-carbon logistics technology, promote
sustainable development of green logistics.

Keywords: regional comprehensive economic partnership, green logistics performance, expansion gravity model,
export trade, entropy

1 INTRODUCTION

In today’s prevalent trade protectionism, tariff reduction is a frontal counterattack to trade
protectionism. The Regional Comprehensive Economic Partnership (RCEP) is a regional free
trade agreement that covers both trade and non-trade-related issues, including rules of origin,
trade facilitation, intellectual property rights, and investment (Suvannaphakdy, 2021). RCEP
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includes 15 member countries, including China, Japan, South
Korea, Australia, and New Zealand, and ten ASEAN countries,
with the total population, economic volume, and total trade
accounting for about 30% of the world (Erokhin, 2020). Under
the rules of RCEP, this region with the largest population, most
diverse structure, and the greatest development potential in the
world will usher in a new round of growth. Monitor (2020) stated
that RCEP is expected to boost member countries’ export growth
by more than 10% above the baseline by 2025.

Greenhouse gas emissions are the direct cause of global
warming, which is an urgent problem to be solved in the
process of economic development. At the same time,
greenhouse gas emission is also a phenomenon that cannot be
ignored in green logistics and has gradually become an
indispensable content in the study of green logistics. Liu
evaluated the impact of fuel cell vehicles on GHG emissions
from China’s road fleet (Liu et al., 2018), while Yan and Sun
investigated the impact of electric vehicle development on GHG
emissions and fossil energy consumption in China from a life
cycle perspective and based on automotive technology and
China’s energy development plan, exploring the potential of
energy-saving and emission reduction of electric vehicles (Yan
and Sun, 2021). At present, although some scholars have added
the related effects of carbon dioxide (CO2) emissions in the study
of the Logistics Performance Index (LPI) (Mariano et al., 2017),
CO2 emissions account for 75% of greenhouse gas emissions
(Teng et al., 2019), so it can be inferred that greenhouse gas
emissions are far more far-reaching than CO2 emissions. In
addition, the consumption of fossil fuels is the core problem
of logistics operations. The higher the utilization rate, the greater
the damage to society and the environment. This study
contributes to the existing literature in several ways. First, a
green logistic performance index is constructed, whereas most
of the previous literature focuses on logistic performance only.
Green logistics is of great significance to environmental
protection, social progress, and economic growth (Khan et al.,
2019). Therefore, this study adds greenhouse gas emissions and
fossil fuel consumption as important factors affecting green
logistics to the original LPI to construct the green logistics
performance index (GLPI). On this basis, the LPI index,
greenhouse gas emissions, fossil fuel consumption, and export
trade data of RCEP15 countries from 2012 to 2018 are collected,
and the influence of GLPI and each sub-index on China’s export
trade is empirically analyzed using the extended gravity model.
Second, this study focuses on the trade by China to RCEP
countries as there is a serious lack of literature on this, in
order to promote the development of China’s export trade and
regional economic integration to provide suggestions.

2 LITERATURE REVIEW

With the strengthening of regional economic integration, trans-
regional trade has become more frequent, and the market
competition between regions has become more intense.
Therefore, logistics has become a key link in trade competition
(Ahmadi and Taghizadeh, 2019; Tang and Wang, 2020). Under

the background of green and low carbon, green logistics is an
effective way to deal with the “green barriers” of international
trade and achieve sustainable development of trade (Ren and
Huang, 2015). With the further expansion of intra-regional trade
volume, the improvement of green logistics performance will
further optimize the regional trade environment. Li et al. (2021)
proved the importance of green logistics in enhancing green
economic activities in One Belt One Road Initiative countries.
Karaduman et al., 2020 also established a significant positive
influence of logistics performance on carbon emission
performance of the Balkan region. Khan et al., 2020 showed
that logistics performance improves the environmental and
economic conditions through the utilization of renewable
energy, leading to a reduction in emissions. Table 1 provides
the recent evidence that establishes the link between logistics
performance and trade.

As a new trend in the development of modern logistics, there
are relatively few studies on the impact of green logistics
performance on regional trade in the academic circle, and
most of the literature is about the impact of logistics
performance on international trade (Wang et al., 2018).
Related research can be roughly divided into two categories.
The first category mainly analyzes the impact of overall
logistics performance indicators on international trade. For
example, Saslavsky and Shepherd (2014) investigated the
effects of logistics performance on trade in parts and
components within international production networks and
found that logistics performance has a greater impact on parts
trade than final product trade. Önsel Ekici et al. (2016) verified
the positive effect of logistics performance on international trade
with the help of the LPI index. Gani (2017) estimated the impact
of logistics performance on international trade using
transnational data from many country samples and found that
logistics performance had a statistically significant positive
impact on trade flows, especially exports. Siddiqui and Vita
(2019) used panel data analysis to study the impact of
logistics performance on the trade of the garment industry
in Cambodia, Bangladesh, and India and concluded that
logistics has a significant impact on trade. Riadh (2020)
believed that logistics performance promotes international
trade because it first reduces transportation costs to
improve trade, thus further expanding international trade.
Töngür et al. (2020) empirically analyzed the impact of
Turkish logistics performance on export through the gravity
model and found that logistics performance had a positive
impact on export value. Its impact on emerging markets was
greater than on international markets (Taghizadech and
Ahmadi, 2019; Ahmadi, 2021). In addition, improved
logistics performance in Turkey has a more significant
impact on exports than that of import partners.

The second kind of research analyzes the specific impact of
each sub-index of logistics performance on international trade.
For example, Marti and Puertas (2017) analyzed the impact of
various sub-indexes constituting the LPI index on the trade of
emerging countries. The importance of the LPI sub-indices has
increased in the international trade of many emerging countries
in Africa, South America, and Eastern Europe (Marti and Puertas,

Frontiers in Environmental Science | www.frontiersin.org May 2022 | Volume 10 | Article 8795902

Fan et al. Green Logistics Performance and Trade

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


2017). Çelebi (2019) compared the impact of various sub-
indicators of logistics performance on trade and found that
good logistics is more beneficial to the export of middle- and
low-income countries, while it is the opposite for middle- and
high-income countries. Zaninović et al. (2021) tested the
homogeneity of logistics performance of EU countries and
found that the greater the difference of each sub-index of the
LPI index, the lower the trade between trading partners. In the
case of EU-15 countries trading with other countries, the LPI
sub-index of ease of arranging freight at competitive prices has
the greatest negative impact on trade with trading partners.
Mendes dos Reis et al. (2020) used bilateral soybean export
data of Argentina, Brazil, the United States, and their partners
to verify the performance of different components of logistics
performance in trade. Their study found that logistics
infrastructure can significantly positively promote the
development of soybean trade. Rashida and Cullinane
(2019) used data envelopment analysis to evaluate if the
national logistic performance is sustainable or not in OECD
nations. Tan et al. (2020) introduced blockchain green logistics
to determine the sustainable operations of logistics. Zhang
et al. (2020) addressed the policy aspects of green logistics,
green growth, and sustainable growth and discovered various
factors that improve GLP based on grounded theory. Khan
et al. (2019) observed a strong influence of macro-level
environmental, social, and economic indicators on GLPI in
South Asian Association for Regional Cooperation (SAARC)
countries.

In conclusion, the existing literature on the logistics
performance study of the impact of international trade is
rich. However, in research methods, domestic and foreign
scholars mostly use the LPI index to measure the logistics
performance but ignore the era background, in the green low
carbon greenhouse gas emissions and fossil fuel consumption
influence on logistics performance. At the same time, from the
perspective of RCEP, there is no literature on the performance
of green logistics in RCEP countries and its impact on China’s
export trade. Therefore, this study aims to take green logistics
performance as the entry point and empirically analyze the
impact of green logistics performance in RCEP countries on
China’s export trade by constructing a GLPI index based on
the extended gravity model. The aim is to provide decision-
making support for improving the green logistics performance
of RCEP member countries and expanding the scale of China’s
export trade.

3 CONSTRUCTION AND ANALYSIS OF
REGIONAL COMPREHENSIVE ECONOMIC
PARTNERSHIP COUNTRY GREEN
LOGISTICS PERFORMANCE INDEX

3.1 The Connotation and Extension of Green
Logistics Performance Index
As a new mode of modern logistics, compared with traditional
logistics, green logistics not only restrains the harm caused by
logistics to the environment in the process of logistics but also
purifies the logistics environment and makes the best use of
logistics resources (Seroka-Stolka and Ociepa-Kubicka, 2019).
Based on the relationship between green logistics and traditional
logistics, that is, green logistics is the extension of traditional
logistics in the context of the green and low-carbon era, this study
believes that the understanding of the connotation of green
logistics performance should be based on the concept of
traditional logistics performance, combined with the concept
of green development, necessary expansion, and extension.

Traditional logistics performance is more concerned with low-
cost and efficient logistics services in the logistics process. In the
era of green development, the performance of green logistics
should pay more attention to the friendliness and conservation of
the environment and resources in the logistics process.
Traditional logistics performance is usually measured by the
LPI index. It mainly includes the efficiency of customs
clearance procedures, the quality of trade and transportation-
related infrastructure, the convenience of arranging freight at
competitive prices, the ability and quality of logistics services, the
ability to trace goods, and the timeliness of goods transportation.
The timeliness was on six sides. The GLPI index should pay more
attention to greenhouse gas emission intensity and fossil fuel
consumption in the logistics process on the basis of six aspects of
the traditional LPI index.

3.2 Green Logistics Performance Index
Construction
On the basis of six sub-indexes of the traditional LPI index, this
study introduces green level indexes, including the greenhouse
gas emission intensity index and fossil fuel consumption index to
construct the GLPI index. Among them, greenhouse gas emission
intensity indicators include CO2 emission intensity, N2O
emission intensity, methane emission intensity (CH4), and

TABLE 1 | Recent evidence on logistics performance and trade.

Sr# Author (year) Method Result

1 Wang et al. (2018) Augmented gravity model Logistics performance has a positive correlation with trade
2 Song and Lee

(2022)
Gravity equation model Logistic performance indicators significantly influence international trade

3 Górecka et al.
(2021)

Gravity model Sub-components of the logistic performance index have a significant impact on liquid energy
products but not on solid and gas products

4 Riadh (2020) Gravity approach The improved logistics performance minimizes transport expenses that further enhance trade
5 Yeo et al. (2020) Generalized structured component

approach (GSCA)
Logistics performance enhances sustainable growth and international trade in middle-income
economies
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fluorine greenhouse gas emission intensity (Fgas). The fossil
fuel index includes fossil fuel consumption. The sub-indexes
of the GLPI index and their sources are shown in Table 2.
The LPI index for missing years is replaced by the mean of
adjacent years.

3.3 Description of Green Logistics
Performance Index for Regional
Comprehensive Economic Partnership
Countries
This study first collected the CO2 emission intensity, N2O
emission intensity, CH4 emission intensity, Fgas emission
intensity, and fossil fuel consumption of 14 RCEP countries
except for China and calculated the green level score using the
entropy method. Then, the LPI index and green level score
released by the World Bank are processed by the entropy
method again, and the result is the GLPI index of RCEP14
countries from 2012 to 2018 (Table 3).

As sown in Table 2, there is a large gap in green logistics
performance among RCEP sample countries, and the GLPI index
of ten ASEAN countries is lower than that of the four non-

ASEAN countries in the region. Specifically, Singapore’s GLPI
index is at the top of RCEP sample countries, with an average of
2.6 points from 2012 to 2018. However, the mean GLPI index of
Laos and Myanmar is at the end of the RCEP sample countries,
and the mean GLPI index is only 1.5 points. In addition, among
the RCEP sample countries except for Singapore, the GLPI
indices of Japan, Australia, South Korea, and New Zealand
rank at the top, with average values of 2.5, 2.4, 2.3, and 2.3,
respectively. The GLPI value of Laos, Myanmar, and Cambodia
has been observed below 2 from 2012–2018.

In order to further analyze the underlying reasons for the
differences in green logistics performance in RCEP sample
countries, this study observed the mean values of GLPI sub-
indexes in 2012, 2014, 2016, and 2018. Figure 1 shows the
mean values of each sub-index in RCEP sample countries. It
can be seen that, for Singapore, a country with a high GLPI
index, the development of six sub-indicators of logistics level
is balanced. Among them, the ability to track and query goods
and the efficiency of custom clearance procedures have the
greatest effect on the improvement of green logistics
performance. Moreover, the emission intensity and fossil
fuel consumption of CO2, N2O, CH4, and Fgas are
relatively low. For countries with a low GLPI index, such
as Laos and Myanmar, the efficiency of customs clearance
procedures is a weak link, and the timeliness of cargo
transportation is also a weak link in green logistics in the
region. Meanwhile, the emission intensity and fossil fuel
consumption of CO2, N2O, CH4, and Fgas are relatively
high, which lower the GLPI index scores of the two countries.

Figure 2 shows the mean green level and logistics level of
RCEP sample countries. Among them,Myanmar and Laos, with a
lower GLPI index, have lower mean green and logistics levels.
Singapore, Japan, Australia, South Korea, and New Zealand, with
a higher GLPI index, have higher mean green and logistics levels.
In general, with Singapore as the benchmark, there is still room
for improvement in the GLPI performance of RCEP sample
countries.

TABLE 2 | Sub-indexes of GLPI index and their sources.

Level indicators The secondary indicators Data source

Logistic level Custom World bank WDI database
Infra World bank WDI database
Ship World bank WDI database
Service World bank WDI database
Tracing World bank WDI database
Timeliness World bank WDI database

Green level CO2 Climate watch
N2O Climate watch
CH4 Climate watch
Fgas Climate watch
Fossil fuel Knoema (World Data Atlas)

TABLE 3 | Performance of green logistics in RCEP14 countries during 2012–2018.

Countries 2012 2013 2014 2015 2016 2017 2018 Mean Ranking

Japan 2.8 2.6 2.5 2.6 2.1 2.5 2.1 2.5 2
South Korea 2.6 2.5 2.4 2.4 2.0 2.3 1.9 2.3 4
Australia 2.7 2.6 2.5 2.5 2.1 2.3 2.0 2.4 3
New Zealand 2.5 2.4 2.4 2.3 1.9 2.3 2.1 2.3 4
Indonesia 2.2 2.1 2.0 2.0 1.7 1.9 1.7 1.9 7
Malaysia 2.5 2.4 2.3 2.3 1.9 2.1 1.7 2.2 5
Philippines 2.2 2.1 2.0 2.0 1.7 1.9 1.6 1.9 7
Thailand 2.3 2.2 2.2 2.2 1.7 2.0 1.8 2.0 6
Singapore 3.0 2.8 2.6 2.7 2.3 2.6 2.2 2.6 1
Brunei 2.1 2.0 1.9 1.9 1.6 1.7 1.5 1.8 8
Cambodia 1.8 1.7 1.7 1.7 1.4 1.6 1.3 1.6 9
Laos 1.8 1.7 1.6 1.5 1.2 1.5 1.4 1.5 10
Myanmar 1.7 1.6 1.5 1.5 1.3 1.4 1.2 1.5 10
Vietnam 2.1 2.0 2.0 2.0 1.5 1.9 1.6 1.9 7
ASEAN 2.17 2.06 1.98 1.98 1.63 1.86 1.6 1.89 —

Non-ASEAN countries 2.65 2.525 2.45 2.45 2.025 2.35 2.025 2.375 —
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4 THE IMPACT OF GREEN LOGISTICS
PERFORMANCE IN REGIONAL
COMPREHENSIVE ECONOMIC
PARTNERSHIP COUNTRIES ON CHINA’S
EXPORT TRADE

4.1 Model Construction
The gravity model was first introduced into the field of
international trade by Pöyhönen (1963) when he studied the
relationship between trade scale, GDP of each country, and the
distance between two countries. The research found that the
trade volume of two countries was directly proportional to
their respective economic aggregates. It is inversely
proportional to the geographical distance between the two
countries (Pöyhönen, 1963; Ahmadi et al., 2019). Among the
traditional models for the explanation of export trade, the
trade gravity model of Tinbergen (1962) has a strong ability to
explain export trade. The basic meaning of this model is that
the trade scale between two countries is directly proportional

to the GDP of the two countries and inversely proportional to
the distance between them. The basic equation of the trade
gravity model is

EXPij � β0 + β1GDPit + β2GDPjt + β3DISij + uij (1)
Equation 1 can be converted into logarithmic form, and a
random error term is added:

LnEXij � β0 + β1LnGDPi + β2LnGDPj + β3LnDISij + uij (2)
GDPi represents the economic scale of country i; GDPj
represents the economic scale of country j; and DISij
represents the geographical distance between country i and
country j.

This study aims to make an empirical analysis of the
impact of green logistics performance on China’s export
trade, so the green logistics performance index (GLPI) is
added on the basis of the basic gravity model. At the same
time, the two dummy variables of whether China is a member
of Asia-Pacific Economic Cooperation (APEC) and whether it

FIGURE 1 | Mean value of GLPI sub-indexes in RCEP sample countries.

FIGURE 2 | Mean green level and logistics level of RCEP sample countries.
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is a member of ASEAN (ASEAN) were added to investigate the
impact of various trade agreements and preferential policies on
China’s export trade. Combined with the existing research results
and according to the research needs of this study, two variables,
population (POP) and economic openness (OPEN), were added to
the gravity model to construct the following regression equation:

LnEXPij � β0 + β1LnGLPIjt + β2LnGDPit + β3GDPjt + β4LnDISij
+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj + uij,

(3)
In order to further conduct an empirical analysis of the

impact of each sub-index of the GLPI index on China’s
export trade, in this study, GLPI was replaced with
tracing, SHIP, Service, Custom, timeLiness, infra, CO2,
N2O, CH4, Fgas, and fossil fuel, and the following models
were obtained:

LnEXPij � β0 + β1LnTracingjt + β2LnGDPit + β3GDPjt + β4LnDISi
+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj+uij, (4)
LnEXPij � β0 + β1Lnshipjt + β2LnGDPit + β3GDPjt + β4LnDISi

+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj+uij (5)
LnEXPij � β0 + β1Lnservicejt + β2LnGDPit + β3GDPjt + β4LnDISi

+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj+uij (6)
LnEXPij � β0 + β1Lncustomjt + β2LnGDPit + β3GDPjt

+ β4LnDISi + β5LnPOPjt + β6LnOPENjt

+ β7ASEANj + β8APECj+uij (7)
LnEXPij � β0 + β1Lntimelinessjt + β2LnGDPit + β3GDPjt

+ β4LnDISi + β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj+uij (8)
LnEXPij � β0 + β1Lninfrajt + β2LnGDPit + β3GDPjt + β4LnDISi

+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj + uij (9)
LnEXPij � β0 + β1LnCO2jt + β2LnGDPit + β3GDPjt + β4LnDISi

+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj + uij (10)
LnEXPij � β0 + β1LnCH4jt + β2LnGDPit + β3GDPjt + β4LnDISi

+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj + uij (11)
LnEXPij � β0 + β1LnN2Ojt + β2LnGDPit + β3GDPjt + β4LnDISi

+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj + uij (12)

LnEXPij � β0 + β1LnFgasjt + β2LnGDPit + β3GDPjt + β4LnDISi
+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj + uij (13)
LnEXPij � β0 + β1LnFossiljt + β2LnGDPit + β3GDPjt + β4LnDISi

+ β5LnPOPjt + β6LnOPENjt + β7ASEANj

+ β8APECj + uij (14)

4.2 Data Sources
Based on data availability, this study has selected panel data
from the United Nations Trade Database, the World Bank WDI
database, CEPII mapping, the official website of the Asia-Pacific
Organization, and other RCEP15 countries from 2012 to 2018
for analysis. The data sources are shown in Table 4. Table 5
shows the descriptive statistical analysis results of each
indicator in the RCEP15 countries. It can be found that
countries differ greatly in GDP, population, distance, and
other aspects. In terms of the GLPI index and its sub-
indexes, GHG emission intensity and fossil fuel consumption
differ greatly.

4.3 Empirical Model Estimation and Result
Analysis
4.3.1 Regression of Overall Indicators
This study uses stata16.0 software and the ordinary least
square method to conduct regression analysis on panel
data of RCEP countries from 2012 to 2018. The collinearity
test was carried out using the maximum variance inflation
factor method. It was found that the variable LnGDPjt
had collinearity problems with other variables, so this
variable was removed from the model. Husman test and
Lagrange (LM) test results show that the random effect
model should be selected for this model, and the regression
results obtained are shown in Table 5. The fitting results are as
follows:

LnEXPij � −56.343 + 2.887LnGLPIjt + 2.261LnGDPit

− 0.418LnDISij + 0.634LnPOPjt + 0.619LnOPENjt

− 0.751ASEANj + 0.773APECj.

As can be seen from the results of Model (7), with the gradual
addition of variables, the explanatory power of the model is
constantly enhanced. The specific results are as follows:

1) The explanatory variable GLPIjt has the greatest impact on
China’s export trade. The estimated coefficient of the GLPI
index on China’s export trade is 2.887, which is statistically
significant, indicating that the higher the GLPI index of
RCEP sample countries, the more favorable it is to China’s
export trade development, and the trade growth rate will be
higher than that of the GLPI index.

2) The impact of GDPit on China’s export trade is second only to
the GLPI index, indicating that if China’s GDP increases by
1%, China’s export trade will increase by 2.261%.
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3) The third influential variable is the explanatory variable
APECj, with a statistically significant influence coefficient
of 0.773, which indicates that the establishment of a
partnership between RCEP sample countries and China
based on the APEC initiative has a positive impact on the
development of China’s export trade. It can be inferred that
the signing of RCEP agreement will also have a positive impact
on China’s export trade.

4) ASEANj, the explanatory variable in the fourth place, has a
negative impact on China’s export trade, which is inconsistent
with expectations. After observing the export trade data of
China and RCEP sample countries, it is found that China’s
export to Japan, South Korea, and other non-ASEANmember
countries is much higher than that of ASEAN member
countries, which may be the reason for the negative
estimated coefficient. With the implementation of the
RCEP agreement in various countries, this figure may
change from negative to positive.

5) The explanatory variable POPj ranked fifth, which indicated
that if the population of RCEP sample countries increased by
1%, China’s export trade would increase by 0.634%.

6) The degree of influence of explanatory variable OPENj ranks
sixth, which indicates that if the economic openness of RCEP
sample countries increases by 1%, China’s export trade will
increase by 0.619%.

7) The explanatory variable DISij has the weakest influence on
China’s export trade, with a statistically significant
influence coefficient of −0.419, indicating that distance
has hindered China’s export trade with RCEP partner
countries.

4.3.2 Sub-Index Regression of Green Logistics
Performance Index
In order to conduct an in-depth study on the impact of GLPI
sub-indexes of RCEP sample countries on China’s
export trade, the regression of Eqs 2–12 is carried out
according to the above ideas. The empirical results show
that the factors Ship, Service, Custom, Timelines, CO2

emission intensity, and N2O emission intensity pass the
empirical test, and the regression equation obtained is
shown in Table 7.

The model regression results show that the effects of each item
of the GLPI index of RCEP sample countries on China’s export
trade are different. The estimated coefficients of the regression
model are sorted as follows: efficiency of customs clearance
procedures, convenience of arranging freight with competitive
prices, timeliness of cargo transportation, ability and quality of
logistics services, CO2 emission intensity, and N2O emission
intensity, and their estimated coefficients are as 3.157, 2.996,
2.959, 2.389, −0.697, and −0.242.

The results show that the efficiency of customs clearance
procedures, the convenience of arranging freight at competitive
prices, the timeliness of cargo transportation, and the ability and
quality of logistics services have a great impact on China’s
export trade. Among them, the efficiency of customs
clearance procedures has the highest impact, indicating that
for every 1% increase in the efficiency of customs clearance
procedures in RCEP sample countries, China’s export trade to
RCEP sample countries will increase by 3.157%. Therefore, to
improve green logistics performance in RCEP sample countries
with limited resources, resources should first be invested in the
efficiency of customs clearance procedures, followed by
the convenience of arranging competitively priced freight,
the timeliness of cargo transport, and the ability and
quality of logistics services. At the same time, in order to
conform to the theme of low-carbon development of Green
and low carbon is the core issue for human society development,
it is also necessary to take a comprehensive consideration of
carbon dioxide emissions and nitrous oxide emissions.

TABLE 4 | Definition of variables and data sources.

Variable Description and abbreviation Expected impact Data source

Expij China’s exports to RCEP countries — United Nations Trade Database
GDPit GDP of China + World bank WDI database
GDPjt GDP of RCEP countries + World bank WDI database
Distanceij Distance between China and RCEP countries − CEPII
GLPIjt Green logistics performance + The results calculated in this study
Openjt Economic openness of RCEP countries + World bank WDI database
POPjt Population of RCEP countries + World bank WDI database
ASEANj Member of ASEAN or not + ASEAN official website
APECj Member of APEC or not + APSCO official Website

TABLE 5 | Summary statistics of the variable for RCEP sub-sample.

Variable Observation Mean Std. dev Minimum Maximum

GLPI 98 2.029 0.403 1.2 3.0
Tracing 98 3.570 0.516 2.59 4.39
Ship 98 3.253 0.561 1.76 4.08
Service 98 3.159 0.461 2.14 3.99
Custom 98 3.133 0.703 1.76 4.28
Timeliness 98 3.057 0.590 1.85 4.18
Infra 98 3.154 0.586 2.07 4.1
Dis 98 3,765.876 2,435.345 1,673.529 10,957.26
Open 98 84.387 58.288 25.449 267.079
GDP 98 110,112 16,368.25 85,322.3 138,948.2
POP 98 5,994.61 6,769.127 39.899 26,767.05
CH4 98 349.551 351.777 3.78 1,422.77
CO2 98 452.519 249.433 126.9 1,098.6
N2O 98 19.338 21.078 0.07 108.59
Fgas 98 91.632 94.452 2.93 326.96
Fossil fuel 98 4.495 5.365717 0.09 20.72
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4.3.2 Robustness Test of the Replacement Explained
Variables
This study used the lagged elPI and its data as instrumental
variables to conduct robustness tests. The lagged data can

control the endogenous variables of the model to a certain
extent. Based on this instrumental variable, this study adopts a
two-stage least square method to carry out instrumental
variable regression.

TABLE 6 | GLPI overall index regression of RCEP sample countries.

Variable (1) (2) (3) (4) (5) (6) (7)

— LnExp LnExp LnExp LnExp LnExp LnExp LnExp
LnGLPIjt 3.912*** 5.044*** 6.607*** 5.500*** 5.050*** 4.11*** 2.887***
— (6.17) (7.73) (9.65) (15.88) (14.96) (10.01) (4.96)
LnGDPit — 3.635*** 4.566*** 3.822*** 3.547*** 2.984*** 2.261***
— — (4.03) (5.40) (9.05) (8.98) (7.41) (5.67)
LnDISij — — −1.170*** −0.561*** −0.273* −0.244* −0.418**
— — — (−4.58) (−4.25) (−1.95) (−1.85) (−3.32)
LnPOPjt — — — 0.585*** 0.641*** 0.663*** 0.634***
— — — — (16.97) (18.54) (20.05) (20.63)
LnOPENjt — — — — 0.386*** 0.645*** 0.619***
— — — — — (4.15) (5.70) (6.02)
ASEANj — — — — — −0.621*** −0.751***
— — — — — — (−3.61) (−4.74)
APECj — — — — — — 0.773***
— — — — — — — (4.54)
_cons 20.949*** −88.943*** −108.492*** −100.299*** −96.669*** −80.409*** −56.343***
F value 38.03 30.15 31.30 167.07 160.37 153.34 162.63
— (46.07) (−3.26) (−4.31) (−8.02) (−8.35) (−6.82) (−4.72)
R2 0.284 0.388 0.499 0.878 0.897 0.910 0.927
AIC 329.098 315.642 297.929 161.7672 146.975 135.829 117.660
BIC 334.268 323.397 308.269 174.692 162.485 153.926 138.339

Standard errors are in parenthesis: ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 7 | Regression of GLPI sub-indexes in RCEP sample countries.

Equ. Regression results F R2 Adj-R2

(3) LnEXPij = −6.9 + 2.996Lnshipjt + 0.782LnGDPit−0.463LnDISij 158.59 0.925 0.919
+0.595LnPOPjt + 0.556LnOPENjt −0.711ASEANj + 0.786APECj + uij

(4) LnEXPij = −7.192 + 2.389Lnservicejt + 0.575LnGDPit−0.313LnDISij 128.52 0.909 0.902
+0.595LnPOPjt+0.556LnOPENjt−0.711ASEANj+0.786APECj + uij

(5) LnEXPij = −5.215 + 3.157Lncustomjt + 0.782LnGDPit −0.463LnDISij 212.35 0.943 0.939
+0.629LnPOPjt+0.437LnOPENjt−0.711ASEANj+0.786APECj + uij

(6) LnEXPij = −3.793 + 2.959Lntimelinessjt+0.474LnGDPit −0.452LnDISij 178.25 0.933 0.928
+0.653LnPOPjt+0.518LnOPENjt−0.558ASEANj + 0.862APECj + uij

(8) LnEXPij = −9.557−0.697Lnco2jt + 0.782LnGDPit−0.463LnDISij +
0.595LnPOPjt+0.556LnOPENjt−0.711ASEANj+0.786APECj + uij

184.56 0.935 0.929

(10) LnEXPij = −10.991−0.242Lnn2ojt + 0.764LnGDPit −0.469LnDISij 157.84 0.925 0.919
+0.624LnPOPjt + 1.184LnOPENjt−1.571ASEANj+1.909APECj + uij

TABLE 8 | Robustness test results of alternative explanatory variables.

Ln GLPI LnShip LnService LnCustom LnTimeliness LnCO2 LnN2O

Ln GLPI 9.447*** 5.093*** 4.473*** 4.133*** 4.378*** −0.703*** −0.226***
— (3.55) (3.85) (3.62) (8.74) (8.60) (−9.38) (−8.24)
Control Yes Yes Yes Yes Yes Yes Yes
Cons −170.493*** 1.678541 −4.946 −3.788383 −2.209 −2.779 −3.124
— (−3.40) (0.12) (−0.36) (−0.33) (−0.19) (−0.27) (−0.28)
Stage 1:F 48.76 133.19 58.61 159.89 82.50 562.49 6,076.87
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Stage 1:

Lnelpiit � β0 + β1Lnelpijt−1 + β2Lncontrol + uij.

Stage 2:

Lnexpit � β0 + β1Lnelpijt + β2Lncontrol + uij.

In the first stage, the elPI of the current year was
interpreted with the lag of one stage, and the predicted
value of the elPI of the current year was obtained by
regression coefficient. In the second stage, the elPI
measured value replaced the actual elPI value as the main
explanatory variable for the robustness test. Through the
empirical test, the robustness test of Ship, Service, Custom,
Timelines, CO2 emission intensity, and N2O emission
intensity of GLPI was carried out using the same method,
and the test results are shown in Table 8. The empirical results
of the substitution of explanatory variables are consistent with
those shown in Table 6 and Table 7, which proves the
robustness of the results in this study.

5 CONCLUSION AND SUGGESTIONS

5.1 Conclusion
Based on the LPI index, this study constructs the GLPI index by
the entropy method. At the same time, empirical analysis is
made on the impact of the GLPI index and its sub-indexes on
China’s export trade, and the following conclusions are
drawn:

1) Based on the connotation and denotation of the GLPI
index, on the basis of the traditional LPI index, further
introduce CO2 emission intensity, N2O emission intensity,
CH4 emission intensity, Fgas emission intensity, and fossil
fuel consumption to construct the GLPI index. Meanwhile,
the GLPI index of RCEP14 sample countries was calculated
and analyzed. The analysis results show that, on the whole,
the green logistics performance of RCEP countries has
different development levels, and the GLPI index of non-
ASEAN countries is generally higher than that of ASEAN
countries. In terms of GLPI sub-indexes, Singapore has a
high GLPI index, and the development of GLPI sub-indexes
is balanced. The efficiency of customs clearance
procedures and the timeliness of cargo transportation are
the weakest links in regional green logistics. Meanwhile, the
emission intensity and fossil fuel consumption of CO2,
N2O, CH4, and Fgas in Myanmar and Laos are
relatively high.

2) The overall regression results of the GLPI index of RCEP
sample countries on China’s export volume show that GLPI
has the greatest impact on export volume; if the green logistics
performance of RCEP sample countries increases by 1%,
China’s export volume will increase by 2.887%. The degree
of influence of other factors is the size of China’s economy,
whether it is a member of APEC, whether it is a member of
ASEAN, the population of RCEP sample countries, the degree

of economic openness, and the spatial distance of RCEP
sample countries.

3) The regression results based on the GLPI sub-indexes of
RCEP sample countries on China’s export trade show that
the efficiency of customs clearance procedures, the
convenience of arranging freight at competitive prices,
the timeliness of cargo transportation, and the
ability and quality of logistics services have a positive
effect on China’s export trade; CO2 and N2O
emission intensity hinder the increase in China’s export
volume. However, the ability to track and query goods,
the quality of infrastructure, CH4 emission intensity,
Fgas emission intensity, and fossil fuel
consumption have no significant impact on China’s
export trade.

5.2 Countermeasures and Suggestions
Based on the above conclusions, in the context of building an
RCEP free Trade Zone and promoting green
logistics efficiency to promote China’s export trade, this
study puts forward the following countermeasures and
suggestions:

1) The improvement of the efficiency of customs clearance
procedures is not only an important aspect of the
improvement of GLPI but also the primary influencing
factor of the GLPI sub-indexes to promote China’s export
trade. Customs of all countries should give full play to their
functions, work together with local governments and business
communities to optimize the customs clearance process, and
greatly improve the overall customs clearance efficiency of
ports by means of the electronic process, intensive reform,
personalized and service-oriented customs clearance, and
diversified customs clearance classification.

2) Actively improving the timeliness of international cargo
transportation will be conducive to improving GLPI and
further promoting China’s export trade. Therefore,
countries should establish dialogue mechanisms with RCEP
countries, give full play to the flexibility of the RCEP
organization, promote the layout of logistics routes among
RCEP members, and improve the response of green logistics
services in the region.

3) Regional economic organization mechanism has a great trade
creation effect on China’s export trade. Therefore, it is necessary
to give full play to the positive role of regional economic
organization mechanism, effectively promote green logistics
cooperation between RCEP member countries with high
AND low GLPI index, provide relevant green logistics
construction experience for RCEP countries with low GLPI
index, and help them improve the performance level of green
logistics. In this way, trade between China and RCEP member
countries will bemaximized. The signing of the RCEP agreement
will promote the connection between RCEP member countries
and Chinese industries, which will be conducive to the trade
complementarity of all member countries in the region and the
realization of common development.
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4) Green and low-carbon is the theme of The Times. In the
context of global efforts to tackle climate change and jointly
promote low-carbon development, RCEP member countries
should work together to reduce CO2 and N2O emissions;
promote sustainable development of green logistics through
logistics planning, logistics policies, and advanced low-carbon
logistics technologies; and further improve the performance of
green logistics in RCEP member countries. To provide a
favorable external environment for further development.

5) The governments should formulate environmental
regulations that are effective and efficient at the same time
and nurture the development of green logistics. A
sophisticated green logistics policy can ensure a reduction
in carbon emissions. Such policies can ensure a sustainable
economy, society, and environment. Further, carbon taxation
and subsidies may also give fruitful results.

6) The initiatives by exporters like green packaging,
transportation, and supply chain and complying with other

environmental policies will result in a global competitive edge.
The export operations can be optimized according to the
environmental initiatives and policies developed through
collaborations between policymakers and the logistics
industry.
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