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Abstract

As the main way of international capital flow and an important carrier of international technology 
spillover, have inward foreign direct investment (IFDI) and outward foreign direct investment 
(OFDI) improved the green development quality of the logistics industry? Based on the panel data of  
27 provinces in China from 2006 to 2015, this paper uses the panel model to empirically test the impact 
of two-way FDI on the green development quality of the logistics industry. This paper mainly draws 
the following research conclusions: (1) Two-way FDI had significantly improved the green development 
quality of the logistics industry, and the promotion effect of IFDI was stronger than that of OFDI, 
indicating that two-way FDI is a key approach of enhancing the quality of the green development. 
(2) The impact of two-way FDI on the green development quality has spatial-temporal heterogeneity. 
Specifically, only in the eastern region, IFDI and OFDI have played a significant role in promoting the 
green development of the logistics industry at the same time; the role of IFDI in improving the green 
development quality of the logistics industry has weakened over time, while OFDI has strengthened.  
(3) The effect of two-way FDI on the green development quality of the logistics industry was affected 
by the environmental regulation intensity. With the improvement of environmental regulations intensity, 
the impact of IFDI on the green development quality of the logistics industry presents an “inverted 
U” trend that first rises and then decreases. The impact of OFDI on the green development quality  
of the logistics industry presents a gradually increasing characteristic.
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Introduction

Currently, global warming caused by greenhouse 
gas emissions has seriously affected the sustainable 
development of human society [1]. In order to 
effectively deal with global warming, China has 
proposed to achieve the goal of “peak carbon dioxide 
emission and carbon neutrality” (hereinafter referred to 
as “dual carbon” goals), that is, China has announced 
that it would aim to achieve peak carbon dioxide 
emissions before 2030 and achieve carbon neutrality 
before 2060. As a basic and strategic industry, logistics 
industry has an important impact not only on economic 
performance but also on environmental sustainability 
[2, 3]. Green practices in logistics operations are an 
important solution to control air pollution and global 
warming [4]. However, China has achieved rapid 
development of the logistics industry at the expense of 
excessive energy consumption and deterioration of the 
ecological environment [5]. In 2020, China’s logistics 
industry has consumed energy of 413.09 million tons 
of standard coal, accounting for about 9% of the total 
energy consumption. The greenhouse gases such as 
carbon dioxide generated by energy consumption 
resulted in tremendous damage to the environment. In 
order to cope with global climate change and realize the 
“dual carbon” goals as soon as possible, China adheres 
to the concept of green development. Specifically, the 
logistics industry, as one of the industries with high 
energy consumption, also needs to practice the concept 
of green development, transform from the “black 
development track” to the “green development road”, 
and enhance the green development quality. Existing 
literature indicates that green logistics significantly 
improve social performance, financial performance 
and environmental performance [6]. Therefore, how to 
improve the green development quality of the logistics 
industry is an issue worth thinking about.

Technological progress is an important driving 
force for green development [7]. Under the condition 
of open economy, international technology spillover 
has become an important way to improve a country’s 
scientific and technological level, and inward foreign 
direct investment (IFDI) and outward foreign direct 
investment (OFDI) are the main channels and 
important carriers of international technology spillover 
[8, 9]. Two-way FDI (IFDI and OFDI) will play an 
increasingly important role during industry green 
development. In fact, its significant effects have been 
verified [10, 11]. With the gradual formation of China’s 
“world factory” status and the deepening of the global 
supply chain, multinational corporations layout and 
operate the production network in China, thus attracting 
international logistics enterprises to enter, and inward 
foreign direct investment has gradually infiltrated into 
China’s logistics industry. China’s logistics industry has 
witnessed an increase in IFDI from US$1.273 billion 
in 2004 to US$4.999 billion in 2020. At the same time, 
the reestablished logistics development model followed 

by the global economic integration urgently calls for 
Chinese local logistics enterprises to “going out”, 
actively conduct outward foreign direct investment, 
and make overall layout of global logistics networks. 
The OFDI in China’s logistics industry increased from 
US$828.7 million in 2004 to US$6.233 billion in 2020.

With the continuous growth of the scale of two-
way FDI in China’s logistics industry, the following 
thoughts are triggered: (1) How to measure the 
green development quality of the logistics industry.  
(2) Has two-way FDI exerted a positive impact on the 
green development quality of the logistics industry? 
(3) Is there a threshold effect on the impact of two-way 
FDI on the green development quality of the logistics 
industry? The answers to the above questions will help 
to grasp the real situation of the green development 
quality of China’s logistics industry, and correctly view 
the role played by two-way FDI in the process of green 
development of the logistics industry. Additionally, the 
answers can provide a reference for the government 
to effectively formulate reasonable logistics industry 
development policies, and have important theoretical 
and practical significance for China to achieve the 
“dual carbon” goals and the green and low-carbon 
transformation of the logistics industry.

Literature Review and Research Hypothesis

Green Development Quality

Kasztelan [12] pointed out that green development 
which contributes to rational utilization of natural 
capital, prevents and reduces pollution, and creates 
chances to improve the overall social welfare. The 
green development of the logistics industry actually 
expands and manifests green development in the field 
of logistics. The green development of the logistics 
industry is the introduction of environmentally sound 
principles in logistics activities to save energy and 
resources, reduce adverse impacts on the environment, 
and improve corporate performance at the same time 
[13]. Wang et al. [14] pointed out that green development 
of the logistics industry aims to reduce the negative 
impact of logistics activities on the environment and 
realize the harmonious development of the economy, 
society and environment, that is, green development 
of the logistics industry highlights the unification of 
economic, social and environmental benefits. Zhang et 
al. [15] pointed out that the green development of the 
logistics industry emphasizes the realization of logistics 
and economic development while saving resources and 
protecting the environment. Gan et al. [16] believed that 
the essence of green logistics is to pursue economic 
benefits without destroying the ecological environment, 
and to realize the “two-wheel drive” of economic and 
social development and ecological environmental 
protection. Although there are different definitions, 
green development of the logistics industry has a few 
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basic motivations and goals, that is, the pursuit of 
economic benefits while saving energy and protecting 
the environment [17]. Therefore, this study defines the 
green development of the logistics industry as: carrying 
out logistics activities in an eco-friendly way, making 
full use of logistics resources, reducing the damage 
to the environment caused by logistics activities, and 
achieving a win-win situation between economic and 
environmental benefits. The green development quality 
of the logistics industry is a comprehensive evaluation 
of the green development of the logistics industry. It not 
only involves the total amount of the logistics economy, 
but also needs to take into account resource utilization 
and environmental costs. That is, the improvement 
of the green development quality of the logistics 
industry not only means the expansion of the scale of 
the logistics industry, but also the improvement of the 
output efficiency of resources and the reduction of 
environmental pollution.

There are two main approaches to measure the 
green development quality. First, green total factor 
productivity (GTFP) can be deemed as an agent indicator 
of the green development quality. The measurement 
of GTFP is generally conducted by selecting input 
indicators, desirable output indicators and undesirable 
output indicators through DEA method to calculate. 
Wang and Xin [18] adopted the GML index based 
on the SBM direction distance function to measure 
the logistics industry’s ecological total factor energy 
efficiency. Li and Wang [19] used the EBM-GML model 
including unexpected output to estimate the GTFP of 
the logistics industry in 30 provinces in China from 
2005 to 2017. Secondly, part of the literature applied the 
“logistics performance index” (LPI) published by the 
World Bank to measure and evaluate the performance 
of the logistics industry [20, 21]. The Driving-Force-
Pressure-State-Impact-Response (DPSIR) evaluation 
system proposed by OECD organization is widely used 
in the academia. Kim et al. [22] selected 12 indicators 
to measure the green development level of 30 countries 
and regions based on DPSIR framework. Chen  
et al. [23] measured the level of low-carbon logistics 
development in Beijing according to DPSIR framework 
through entropy weight method.

IFDI and the Green Development Quality

IFDI has a promoting and inhibiting effect on the 
green development quality of the logistics industry. 
On one hand, IFDI restrains the green development 
quality of the logistics industry. First, IFDI may exert 
a crowding-out effect on domestic investment. Under 
the precondition of established investment opportunities 
and resources in the host country, domestic enterprises 
with weak competitiveness may be dispelled out of the 
market by foreign enterprise with stronger financing 
and technical power, resulting in domestic investment 
squeezed out of the market, exacerbating the financing 
constraints on domestic enterprises, and reducing 

economic activities [24]. In the long run, the crowding-
out effect will impair local logistics enterprise 
competitiveness and their development in technological 
innovation. Secondly, IFDI has a competition effect. 
IFDI inflow will inevitably aggravate the competition in 
the host country’s market [25], reducing the operating 
profits of disadvantaged domestic companies and 
downsizing production scale, weakening the ability and 
enthusiasm of green technology innovation, and even 
forcing small and medium-sized enterprises to withdraw 
from operations. In this case, it will not be conductive 
to enhancement the green development quality of 
the logistics industry. Thirdly, IFDI has a “pollution 
paradise”. To attract foreign-funded enterprises to settle 
down, Chinese local governments have substantially 
lowered the entry threshold of IFDI. Therefore, it is 
not bound to bring in advanced technologies with 
the introduction of IFDI, which will intensify the 
environmental pollution and resource consumption of 
the host country due to its scale effect [26]. Foreign-
funded enterprises impelled by profits not necessarily 
prefer green technological innovation.

On the other hand, IFDI facilitates the improvement 
of green development quality of the logistics industry. 
First, due to the crowding-in effect of IFDI on domestic 
investment, IFDI inflow can help expand the total 
domestic capital stock of the industry [27]. In the early 
development of China’s logistics industry, to cope with 
the contradiction between “capital shortage” and “large-
scale investment”, foreign enterprises served as the new 
fund source for the development of the logistics industry, 
alleviating this contradiction to a certain extent. This 
can help logistics industry to get rid of the “vicious 
circle of backwardness”, thereby promoting capital 
formation in China’s logistics industry and addressing 
insufficient funding issues for green innovation to 
a certain extent. Secondly, IFDI has a technology 
spillover effect through demonstration-imitation effect, 
market competition effect, and personnel training 
effect [28]. Foreign-funded enterprises transfer and 
diffuse environmentally friendly technologies to local 
companies, thereby improving energy efficiency and 
contributing to environmental quality enhancement in 
the host country [29, 30]. Thirdly, FDI has a “pollution 
halo” effect. As foreign-funded enterprises generally 
execute strict environmental standards, IFDI inflow  
is conductive to reducing pollution [31]. Furthermore, 
IFDI has been proven to improve the income level of 
the host country. The higher income level, the stronger 
residents’ environmental awareness. So, it is conductive 
to the improvement of environmental quality. The 
mechanism of IFDI’s effect on the green development 
quality of the logistics industry is shown in Fig. 1. 
Based on the above analysis, this paper proposes 
research hypothesis 1:

H1: IFDI influences the green development quality 
of the logistics industry.

H1a: IFDI promotes the improvement of green 
development quality of the logistics industry;
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H1b: IFDI inhibits the improvement of green 
development quality of the logistics industry.

OFDI and the Green Development Quality

OFDI has a promoting and inhibiting effect on the 
green development quality of the logistics industry. On 
one hand, OFDI inhibits the improvement of the green 
development quality of the logistics industry. First, 
OFDI has a “hollow effect”, which means outward 
foreign direct investment by enterprises in any form 
will lead to capital cross-border outflow [32]. This will 
squeeze out enterprise R&D investment to a certain 
degree, thus impeding the technological progress of 
enterprises and further inhibiting the improvement 
of the green development quality. If the capital cross-
border drain cannot be supplemented timely from 
other financing channels, “capital shortage” will incur 
and hinder the expansion and further development 
of the industry [33]. Secondly, the “going out” is 
mainly adopted by large and medium-sized state-
owned enterprises in China’s logistics industry, which 
conduct outward foreign direct investment not for 
chasing profits but for strategic resource guarantee. 
Such OFDI may have weak reverse green technology 
spillover effect. Moreover, OFDI will have a negative 
influence on enterprise business performance, thereby 
inhibiting quality improvement of green development. 
Thirdly, OFDI has a scale effect. Since the profit return 
mechanism of OFDI is conductive to expanding the 
operating scale of the parent company and the scale 
of the domestic logistics market, there will be more 
pollutant discharge [34].

On the other hand, OFDI accelerate the quality 
improvement of logistics green development. Firstly, 
OFDI has a profit return mechanism. By transferring 
the profits obtained in the overseas market back to the 
parent company, company can offer more funds for 
the parent company’s green technology research and 
development. Secondly, OFDI has the reverse green 
technology spillover effect. Multinational corporations 
can obtain reverse green technology spillovers in two 
ways: (1) Multinational corporations can establish 
technology R&D departments in the host country and 

feedback new technologies to the parent company [35]. 
(2) Overseas subsidiaries obtain green technologies 
through interaction with stakeholders (suppliers, 
customers, governments and non-profit organization 
in the host country). Through internal interactions 
between subsidiaries and parent companies, such 
as internal labor mobility and experience sharing, 
new technologies and new knowledge are spilled 
to the parent company and the home country [36, 
37]. Thirdly, OFDI has a market competition effect. 
Enterprises are faced up with various challenges when 
entering overseas markets. They also need to cope with 
competitors in the same industry in the host country.  
In response to fierce market competition and the 
complex and changeable international environment, 
enterprises have to make technological innovations 
to improve resource allocation. Such competition 
after spreading to the home country market will urge 
local enterprises to make efforts to improve their 
technological level. The mechanism of OFDI’s effect on 
the green development quality of the logistics industry 
is shown in Fig. 2. Based on the above analysis, this 
paper proposes research hypothesis 2:

H2: OFDI influences the green development quality 
of the logistics industry.

H2a: OFDI promotes the improvement of green 
development quality of the logistics industry;

H2b: OFDI inhibits the improvement of green 
development quality of the logistics industry.

Two-Way FDI, Environmental Regulations 
and the Green Development Quality

Environmental regulations play a key role in IFDI 
quality screening. It is common for a country or 
region to adopt measures to reduce the environmental 
regulation intensity so as to attract more IFDI flows. 
However, low-intensity environmental regulations and 
standards will result in the occurrence of “pollution 
haven”, and hinder the growth of green economy in 
the long run [38]. Stringent environmental regulations 
can attract clean IFDI from developed economies  
and facilitate green technology spillover [39]. However, 
excessive environmental regulation can enhance  

Fig. 1. The internal mechanism of IFDI affecting the green 
development quality of the logistics industry.

Fig. 2. The internal mechanism of OFDI affecting the green 
development quality of the logistics industry.
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the inhibiting effect of FDI on green technology 
innovation [40]. Only reasonable and formal 
environmental regulations can encourage enterprises to 
conduct more green technological innovations, thereby 
enhancing product quality. When green products receive 
widespread popularity in the market, environmental 
regulations can create a “compensation effect of science 
and technology innovation” [41].

When the host country implements strict 
environmental regulations, overseas subsidiaries 
will raise environmental standards in the process of 
providing services to meet the requirements of the host 
country. However, if the environmental regulations 
intensity in the home country is not strong enough, the 
costs of applying environmentally advanced technology 
acquired abroad to business operations cannot be offset 
by benefits from clean production and green products, 
weakening the willingness of home country companies 
to undertake environmental practice [42]. When the 
host country does not implement strict environmental 
regulations, but the home country implements strict 
environmental regulations, the enterprise prefers to 
look for ecological technologies in the process of OFDI 
[43], and then transfer the ecological technology back 
to the home country, which is conducive to improving 
the green development quality of the logistics industry. 
The mechanism of environmental regulation regulates 
the relationship between two-way FDI and green 
development quality of the logistics industry is shown 
in Fig. 3. Based on the above analysis, this paper 
proposes research hypothesis 3:

H3: Affected by environmental regulations, two-way 
FDI has a threshold effect on the green development 
quality of the logistics industry.

To sum up, the existing literature has carried 
out a lot of exploration on the relationship between 
environmental regulation, two-way FDI and economic 
green development, but there are still some areas 
that need to be deepened and expanded. Firstly, most 
of the existing literature use a single index such as 
GTFP or logistics performance to measure the green 
development level of the logistics industry. However, 
the green development quality is a comprehensive 
evaluation of the green development of the logistics 
industry, and cannot be measured only by a single 
index. Secondly, few literature examine the relationship 

between two-way FDI and green development from 
the perspective of the logistics industry. Research 
from a macro perspective often ignores industry 
heterogeneity, making research conclusions and policy 
recommendations not necessarily applicable to specific 
industries. Finally, existing research focuses on the 
one-way impact of IFDI on the economic development 
of the host country or the one-way impact of OFDI 
on the economic development of the home country. 
However, IFDI and OFDI have become the realistic 
characteristics of the logistics industry, and there is  
a problem of taking a part of the whole in a segmented 
study of IFDI or OFDI.

Compared to the existing studies, the marginal 
contribution of this paper are as follows. Firstly, this 
paper establishes an evaluation index system for the 
green development quality of the logistics industry, 
then applies the entropy weight method to measure the 
green development quality of the logistics industry in 
different regions. Secondly, this paper expands the 
study of the relationship between two-way FDI and 
green development quality of the logistics industry. 
Specifically, this paper uses the China’s inter-provincial 
panel data to investigate the overall effect, spatio-
temporal heterogeneity effect and threshold effect of 
two-way FDI on the green development quality of the 
logistics industry. Thirdly, in view of the fact that the 
logistics industry utilizes foreign investment and invest 
overseas simultaneously, this paper breaks through 
the limitation of one-way analysis, takes the two-way 
symbiosis of IFDI and OFDI as the perspective, and 
incorporates IFDI, OFDI and the interaction items of 
two-way FDI in the logistics industry into the research 
framework at the same time.

Material and Methods

Model Setting

In order to investigate the impact of two-way FDI on 
the green development quality of the logistics industry, 
the following basic panel model is constructed:

                    
(1)

Where i is the province; the year is expressed by t; 
GDQ represents the green development quality of the 
logistics industry; Z represent the control variables; 
μi and υt denote individual effect and time effect, 
respectively; ε is the random disturbance item.

By introducing environmental regulation intensity 
into the basic panel model of two-way FDI influencing 
the green development quality of the logistics 
industry as a threshold variable, a panel threshold 
model is constructed. Threshold effect means that if 
the explanatory variable reaches a certain threshold, 
its influence on the explained variable will change. 

Fig. 3. The mechanism of environmental regulation regulates 
the relationship between two-way FDI and green development 
quality of the logistics industry.
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The panel threshold model can accurately reveal the 
nonlinear relationship between explanatory variables 
and explained variables [40]. Based on the threshold 
model constructed by Hansen [44], this paper constructs 
the following panel threshold model:

              
(2)

             
(3)

Where qit is the threshold variable, that is, the 
environmental regulation intensity. γ represent the 
threshold value; I(∙) is the indicator function. If the 
conditions in the brackets are established, I = 1, 
otherwise, I = 0. 

Variable Selection and Description

Explained Variable

According to the above definition of the green 
development quality of the logistics industry, a logistics 
industry green development quality evaluation index 
system is established, which includes 7 indicators in 
three dimensions: operation scale, production efficiency 
and energy conservation and emission reduction. 
Specifically, the operation scale reflects the economic 
growth of the logistics industry, the production 
efficiency reflects the use of resources by the logistics 
industry, and energy conservation and emission 
reduction indicate the impact of logistics activities 
on the environment. The green development quality 
evaluation index system of the logistics industry is 
shown in Table 1. On the basis of constructing an index 
system, the entropy weight method is used to measure 
the green development quality of the logistics industry. 

As an objective weighting method, entropy weight 
method can avoid the bias caused by subjective factors 
and adequately consider the information of values all 
the units, which can weaken the bad effect from some 
abnormal values and make the result of evaluation more 
accurate and reasonable [45]. The basic steps of the 
entropy weight method are as follows:

Step 1. Standardize the original value.

Positive indicator: 
* min( )

max( ) min( )
ij ij

ij
ij ij

x x
x

x x
−

=
−                     (4)

Inverse indicator: 
* max( )

max( ) min( )
ij ij

ij
ij ij

x x
x

x x
−

=
−                     (5)

where xij represents the original value of province 
( j = 1, 2, ..., m) with indicator ( j = 1, 2, ..., n) .

Step 2. Calculate the contribution degree of each 
standardized value.

*

*
1

ij
ij m

iji

x
p

x
=

=
∑                        (6)

Step 3. Calculate the entropy ej and variation 
coefficient dj 

of each indicator.

( ) 1

1
- ln lnm

j ij iji
e m p p

−

=
=    ∑             (7)

1j jd e= −                                (8)

If the ratio value pij
t = 0 then

                        (9)

Step 4. Calculate the weight of each indicator.

1

j
j n

jj

d
w

d
=

=
∑                             (10)

Table 1. The green development quality evaluation index system of the logistics industry.

Dimension 
index Basic indicators Calculate Attributes

Operation scale
Per capita added value of the logistics 

industry Added value of the logistics industry / total population +

Contribution of the logistics industry Added value of the logistics industry / GDP +

Production 
efficiency

Labor productivity Added value of the logistics industry / number of 
employees +

Capital productivity Added value of the logistics industry / investment in fixed 
assets +

Land productivity Added value of the logistics industry / length of traffic line +
Energy 

conservation 
and emission 

reduction

Energy consumption per unit value 
added

Energy consumption / value added of the logistics 
industry –

Carbon emissions per unit value added Carbon emissions / value added of the logistics industry –
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Step 5. Calculate the green development quality of 
the logistics industry.

*

1

n

i i ij
j

GDQ w x
=

= ∑
                     (11)

Core Explanatory Variable

Two-way FDI refers to the long-term connection 
between foreign capital and domestic production, so, 
it is not feasible to use the current flow to measure 
the impact of IFDI (OFDI) on the economy of the 
host (home) country. Therefore, two-way FDI flow 
is transformed into two-way FDI stock variable in 
order to account for the longer-term effect of two-way 
FDI on the green development quality of the logistics 
industry. By referring to what Sapkota and Bastola 
[46] has conducted, this paper uses formula (12) and 
formula (13) to calculate the stock of two-way FDI of 
the logistics industry.

        (12)

      (13)

Where IFDI f and OFDI f represent IFDI flow and 
OFDI flow, respectively; the investment price index is 
expressed by p; the depreciation rate is expressed by 
δ, which is valued as 9.6% [47]. With 2006 as the base 
period, the two-way FDI flow will be deflated.

Interaction Term

To investigate whether the interactive development 
of two-way FDI will benefit green development of the 
logistics industry, the interactive item of two-way FDI 
is introduced into the model, and decentralization of 
interactive item is performed [48].

Threshold Variable

Environmental pollution control investment as 
a percentage of GDP has been selected to measure 
environmental regulation intensity. The greater  
the investment in environmental pollution control,  
the greater the intensity of environmental supervision.

Control Variables

Digitization level. Digital transformation is a driving 
force for innovative, inclusive, and sustainable growth 
[49]. In this paper, internet penetration rate, mobile 
phone penetration rate, per capita telecommunication 
service volume, the proportion of computer service  
and software industry employees in urban employees 
are selected for fitting into one indicator to represent  
the level of digitalization through factor analysis 
method.

Agglomeration level of the logistics industry.  
The externality effects of industrial agglomeration, 
such as knowledge and technology spillovers, scale 
economies effect, and imitative innovation effects, are 
key routes to realize industrial green development. 
In this paper, location entropy indexes are adopted 
to measure the level of agglomeration of the logistics 
industry [50].

Human capital level. A high level of human capital 
is the premise of introducing, absorbing and innovating 
advanced green technologies and applying advanced 
management methods. In this paper, the average years 
of education in different areas are used to measure the 
human capital level. The formula is:

 
                (14)

Innovation capability. Technological innovation, 
in particular green technologies, can reduce pollution 
emissions and promote green economic development 
[51]. Patents are a concrete representation of innovation 
competitiveness [51]. Considering that there is a certain 
time lag in patent authorization, the number of patent 
applications in the logistics industry per 10,000 people 
is used to measure the ability of independent innovation.

Data Sources

In China, the logistics industry is not included in 
the Industrial Classification For National Economic 
Activities system. The practice of referring to most 
literature is replaced by data on transportation, 
warehousing and postal services [52]. In order to 
expand the number of samples as much as possible, 
2006 was selected as the starting time, while excluding 
the seven provinces (Jilin, Qinghai, Ningxia, Tibet, 
Hong Kong, Macao and Taiwan) that lack data. The 
relevant data of OFDI in the logistics industry are 
mainly from the Directory of Overseas Investment 
Enterprises (Institutions), but the Directory of Overseas 
Investment Enterprises (Institutions) only counts the 
enterprise data from 1983 to 2015. Therefore, this paper 
uses the data of 27 provinces in China from 2006 to 
2015 for empirical analysis. The data are mainly 
derived from the Directory of Overseas Investment 
Enterprises (Institutions), report on Foreign Investment 
in China, Statistical Bulletin of China’s Outward 
Foreign Direct Investment, China Statistical Yearbook, 
China Labor Statistics Yearbook, China Statistics 
Yearbook on Environment, China Energy Statistical 
Yearbook and statistical yearbooks of local areas.  
In order to eliminate the impact of price fluctuations, 
price-related variables are converted to actual values 
based on 2006. To minimize heteroscedasticity and 
reduce data fluctuations, logarithmic processing of all 
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variables except the digitization level is performed.  
The descriptive statistics of all variables are shown  
in Table 2.

Results and Discussion

Stationarity Test

To avoid spurious regressions, it is necessary to test 
the stationarity of macro-variables before estimations. 
According to the results in Table 3, most of the variables 
have passed the unit root tests so it can be judged  
that all the variables can be used for the following 
analysis.

Estimation Results and Analysis 
of Basic Panel Model

In this paper, ordinary least squares (OLS), fixed 
effect model (FE) and random effect model (RE) are 
used to regress formula (1) and determine which model 
is the most appropriate. According to the regression 
results, the F statistic is 46.40 and the p value is 0.000, 

indicating that FE is significantly better than OLS; The 
p value of Hausman test is 0.017<0.05, indicating that 
the fixed effect model should be used. The benchmark 
regression results are shown in Table 4.

As shown in column (6), two-way FDI has 
significantly enhanced the green development quality of 
the logistics industry, verifying the research hypotheses 
H1a and H2a. IFDI plays a greater role in promoting the 
green development quality than OFDI. Specifically, the 
influence of IFDI on the green development quality of 
the logistics industry is significantly positive. Khan 
and Dong [53], Guo et al. [54] used the data of the 
whole industry’s IFDI to test the impact of IFDI on the 
performance of green logistics, and found that there is a 
positive correlation between the two, which is consistent 
with the research results obtained in this paper using 
the data of the logistics industry’s IFDI. However, Barut 
et al. [17] found that IFDI reduce the green logistics 
performance in developing emerging seven countries, 
due to weak environmental laws in these developing 
countries. This shows that environmental regulation 
may play a role in the relationship between IFDI and 
the green development quality of the logistics industry. 

Table 3. Panel unit root test results.

Table 2. Descriptive statistics of variables.

Variable type Variable name Symbol Min Max Average Std VIF

Explained variable Green development quality of the 
logistics industry ln GDQ -4.011 -0.220 -1.395 0.640 —

Explanatory 
variables

IFDI stock of the logistics ln IFDI 5.419 14.320 11.900 1.741 2.50

OFDI stock of the logistics ln OFDI 4.502 13.722 11.130 1.787 2.75

Interactive item Two-way FDI interactive items ln TIDL -2.636 30.319 1.982 3.947 1.53

Control variables

Digitization level DIGE -0.976 2.405 0.022 0.828 2.14

Agglomeration level ln AGG -0.611 0.610 -0.017 0.252 1.76

Human capital level ln HUM 1.901 2.648 2.287 0.136 5.39

Innovation Capability ln INNO -3.577 1.796 -1.194 1.235 3.50

Threshold variable Environmental regulation intensity ln ER -0.916 1.445 0.195 0.435 —

Variables LLC test AD-Fisher test PP-Fisher test HT test Hadri LM test

ln GDQ -7.4093*** 179.0667*** 120.3107***  0.5149*** 12.0631***

ln IFDI -6.4937*** 107.9255*** 55.3400 0.5675*** 6.7295***

ln OFDI -22.6269*** 416.6476*** 308.9353*** 0.4295*** 10.0482***

ln TIDL -18.2042*** 219.2474*** 213.6221*** 0.7226 19.4479***

DIGE -33.1272*** 289.3061*** 86.1602*** 0.6167** 15.4869***

ln AGG -4.3357*** 50.7716 52.6776 0.6342** 13.3194***

ln HUM -5.9674*** 56.4869 56.1994 0.6875 17.0337***

ln INNO -4.2941*** 73.0099** 95.1410*** 0.7272 17.4862***

Note: *, **, *** denote 10%, 5%, 1% levels of significance, respectively.
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IFDI will generate a series of effects upon its entry 
into the host country. The most direct manifestation 
is that due to the continuous inflow of foreign capital, 
the funding gap required for the development of 
the logistics industry can be effectively remedied, 
thereby benefiting enterprises to expand the scale and 
develop green technologies. In addition, multinational 
corporations after entering Chinese logistics market 
can introduce more advanced equipment, technology, 
talents and management experience, effectively 
remedying the technological gap required for the 
development of the logistics industry. The influence of 
OFDI on the green development quality of the logistics 
industry is significantly positive and conforms to the 
result of Ali et al. [55]. The research results of Ali et 
al. [55] show that OFDI in the logistics industry is an 
important reason for the improvement of the production 
efficiency of the logistics industry. OFDI can help 
provide more funding sources for the green technology 
research and development of the parent company by 
returning profits. Furthermore, it can also stimulate 
the parent company to strengthen R&D and innovation 
investment, thereby facilitating the green technology 
development in the home country. Moreover, due to the 
reverse green technology spillover effect of OFDI, the 
green technology level and the green productivity of the 
logistics industry can be directly enhanced.

The estimated coefficient of the two-way FDI 
interaction item ln TIDL is significantly positive at the 
1% level, indicating a complementary effect between 
two-way FDI of the logistics industry, and IFDI (OFDI) 

up-regulation have a positive influence of OFDI (IFDI) 
on the green development quality of the logistics 
industry. The coefficient of estimation of digitalization 
level is 0.153 which is significant at the level of 5%. 
Peng et al. [56] confirmed that digital technologies such 
as the Internet are the core drivers of logistics green 
competitiveness. Digital technologies reduce the energy 
consumption of freight logistics activities, and promote 
the healthy development of logistics industry. For every 
1% increase in the level of industrial agglomeration, 
the green development quality of the logistics industry 
will decrease by 0.443%, indicating that industrial 
agglomeration has a significant negative impact on 
the green development of the logistics industry. This 
may be because the “crowding effect” of industrial 
agglomeration exceeds the “scale effect”, which is not 
conducive to the green development of the logistics 
industry [19]. The coefficient of estimation of human 
capital level is not significantly positive, suggesting 
that human capital level is not conductive to the green 
development of the logistics industry. Perhaps because 
green growth requires a higher quality of human capital 
supply [18]. Vandenbussche et al. [57] held that only 
manpower receiving higher education can facilitate 
productivity improvement. The estimated coefficient 
of innovation capability is significantly positive at 
the 5% level, which supports the result of Guo et al. 
[54]. New technologies and new products are applied 
to the logistics industry, and outdated and inefficient 
technologies and equipment are eliminated, which is 
conducive to improving the service efficiency of the 

Table 4. Regression results of total samples.

Variables
OLS RE FE

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

ln IFDI 0.069**

(2.27)
0.083*

(1.76)
0.150**

(2.07)
0.080**

(2.11)
0.102**

(2.40)

ln OFDI 0.043**

(2.50)
0.092***

(4.00)
0.045**

(2.14)
0.099***

(4.14)
0.094***

(3.95)

ln TIDL 0.056***

(7.59)
0.032***

(5.04)
0.026***

(4.45)
0.030***

(4.63)

DIGE -0.278***

(-5.44)
0.114*

(1.70)
0.127*

(1.73)
0.126*

(1.72)
0.153**

(2.05)

ln AGG -0.311*

(-1.79)
-0.351**

(-2.29)
-0.505***

(-2.88)
-0.435**

(-2.54)
-0.443***

(-2.65)

ln HUM 3.392***

(5.53)
0.725
(1.62)

-0.196
(-0.47)

-0.404
(-0.92)

0.513
(1.09)

ln INNO 0.121**

(2.12)
0.001
(0.02)

0.040
(0.60)

0.043
(0.65)

0.013**

(2.20)

Cons -9.825***

(-7.26)
-4.827***

(-4.24)
-2.622**

(-2.22)
-0.820
(-0.85)

-3.241***

(-3.95)
-4.624***

(-3.58)

Years Control Control Control Control Control Control

Provinces No Control No Control Control Control Control Control

Note: *, **, *** denote 10%, 5%, 1% levels of significance, respectively. t or z values are shown in parentheses.
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logistics industry and reducing unnecessary energy 
consumption.

Heterogeneity Analysis

The two-way FDI and green development quality of 
the logistics industry have obvious spatial and temporal 
heterogeneity. Therefore, this paper divides the total 
sample into eastern, central and western regions,  
and divides the sample period into 2006-2010 and  
2011-2015. The regression results are shown in Table 5.

There are obvious regional differences in the impact 
of two-way FDI on the green development quality of 
the logistics industry. In the eastern region, two-way 
FDI has significantly improved the green development 
quality of the logistics industry. In the central region, 
only IFDI can improve the green development quality 
of the logistics industry, and the estimated coefficient 
of OFDI is positive but not significant. In the western 
region, two-way FDI has not had a significant positive 
impact on the green development quality of the logistics 
industry. Luo et al. [58] used the whole industry’s two-
way FDI data to examine the impact of two-way FDI 
on the quality of China’s economic growth. The results 
show that only in the eastern region, two-way FDI 
significantly improves the quality of economic growth. 
Pan et al. [35] also found that the reverse technology 
spillover effect of China’s OFDI only has a positive 
impact on carbon productivity in the eastern region. The 
eastern region has attracted large-scale and high-level 
foreign investment in the logistics industry by virtue 
of its superior geographical location, strong industrial 
foundation and preferential policies. It can accelerate 
the green development of the local logistics industry 
by absorbing the funds, information, technology and 
experience transferred by foreign investment. At the 
same time, the eastern region is the earliest area where 
the logistics industry “going out”, and the scale of OFDI 

is relatively large, so it has a greater impact on the 
green development quality of the logistics industry. In 
the period from 2006 to 2010, the estimated coefficients 
of IFDI was 0.113 passed the significance level test of 
at 10%. In the period from 2011 to 2015, the estimated 
coefficient value of IFDI dropped to 0.015, but also 
passed the significance level test of at 5%. Adnan et 
al. [59] used Pakistan as a research subject and found 
that IFDI had a positive effect on TFP in both the short 
and long term. In the period from 2006 to 2010, the 
estimated coefficients of OFDI was 0.047, but it was 
not significant. In the period from 2011 to 2015, the 
estimated coefficient of OFDI rose to 0.203 and passed 
the significance level test of at 5%. This also shows that 
the promotion effect of IFDI on the green development 
quality of the logistics industry has been weakened as 
time goes on, while the promotion effect of OFDI on 
the green development quality of the logistics industry 
has been enhanced as time goes on.

Estimation Results and Analysis of Panel 
Threshold Model

Before estimating the parameters of the panel 
threshold model, the threshold number and threshold 
value of the threshold variables should be determined 
so as to determine the specific form of the threshold 
model. As shown in Table 6, with the environmental 
regulations intensity as the threshold variable, the 
impact of IFDI on the green development quality of the 
logistics industry has a double threshold effect, with 
threshold values of -0.2485 and 0.3436 respectively.  
The impact of OFDI on the green development quality 
of the logistics industry has a single threshold effect, 
and the threshold is 0.1222.

The results for the threshold effect test are represented 
in Table 6. When the environmental regulations 
intensity is lower than -0.2485, the influence of IFDI on 

Table 5. Regression results of different samples.

Variables
Different regions Different periods

Eastern Central Western 2006-2010 2011-2015

ln IFDI 0.040**

(2.34)
0.151**

(2.22)
-0.144
(-0.96)

0.113*

(1.75)
0.015**

(2.19)

ln OFDI 0.015**

(2.36)
0.056
(1.50)

0.055
(1.08)

0.047
(1.59)

0.203**

(2.33)

ln TIDL 0.036***

(2.77)
0.103***

(3.63)
0.018
(1.34)

0.018*

(1.72)
0.097**

(2.30)

Other variables Control Control Control Control Control

Cons -1.259
(-0.80)

-7.616***

(-3.49)
3.912
(1.11)

-2.675
(-1.01)

-3.095
(-1.33)

Years Control Control Control Control Control

Provinces Control Control Control Control Control

Note: *, **, *** denote 10%, 5%, 1% levels of significance, respectively. t values are shown in parentheses.
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the green development quality of the logistics industry 
is not significantly negative. Only when exceeding 
-0.2485 will it leverage IFDI positive influence on the 
green development quality of the logistics industry. 
With the improvement of environmental regulations 
intensity, that is, exceeding 0.3436, the promoting 
effect of IFDI on the green development quality will 
be greatly weakened, the coefficient of estimation 
decreases from 0.087 to 0.054. This also means that 
when the current environmental regulation intensity 
is between -0.2485 and 0.3436, IFDI has the greatest 
effect on promoting the green development quality of 
the logistics industry. In other words, local governments 
should control the environmental regulations intensity 
within a certain range. This is similar to the findings of 
Wang and Liu [60]. Specifically, the research results of 
Wang and Liu [60] showed that when the environmental 
regulation is between the first threshold and the second 
threshold, IFDI is more conducive to the reduction of 
environmental pollution levels in China.

OFDI has passed the single threshold test at the 
level of 5%, which supports the result of Zhou et al. 
[42]. When the environmental regulations intensity 
is lower than 0.1222, the influence of OFDI on the 
green development quality of the logistics industry 
is significantly positive, and the estimated coefficient 
of OFDI is 0.046. With the environmental regulations 
intensity further increases, that is, when crossing the 
threshold of 0.1222, the influence of OFDI on the green 
development quality would increase from 0.046 to 0.071, 
and can pass the 1% significance level test. This means 
that OFDI can transfer green technology spillover back 
to the home country using the moderating effect of 
environmental regulation [43].

According to the estimated results in Table 6, we 
divide the environmental regulations intensity into 
four intervals: ln ER≤-0.2485, -0.2485<ln ER≤0.1222, 
0.1222<ln ER≤0.3436, ln ER>0.3436. Table 7 shows the 
range of environmental regulation intensity in China’s 
27 provinces in 2015. It can be seen from Table 7 that 

Table 7. Environmental regulation intensity of each province in 2015.

Table 6. Estimation results of threshold effect of environmental regulation.

Estimation results of threshold

Variables Threshold type Threshold value F value P value 10% 5% 1%

IFDI

Single threshold -0.2485 19.23** 0.0333 15.9598 18.3569 22.9950

Double threshold 0.3436 16.05* 0.0667 14.8742 16.8941 21.2559

Triple threshold 0.5068 2.77 0.8567 10.1116 12.2723 17.7691

OFDI
Single threshold 0.1222 14.08** 0.0467 12.1137 13.9906 15.8392

Double threshold 0.5068 8.20 0.1200 8.5123 11.0521 14.5534

Parameter estimation results of threshold model

Variables Estimated coefficient t value P value

ln IFDI (ln ER≤-0.2485) 0.056 0.34 0.736

ln IFDI (-0.2485<ln ER≤0.3436) 0.087** 2.48 0.014

ln IFDI (ln ER>0.3436) 0.054** 2.14 0.033

Other variables Control

ln OFDI (ln ER≤0.1222) 0.046** 2.23 0.029

ln OFDI (ln ER>0.1222) 0.071*** 2.81 0.006

Other variables Control

Note: *, **, *** denote 10%, 5%, 1% levels of significance, respectively.

Environmental regulation intensity Provinces

ln ER≤-0.2485 Tianjin, Guangdong, Hainan, Sichuan

-0.2485<ln ER≤0.1222 Liaoning, Heilongjiang, Shanghai, Zhejiang, Fujian, Shandong, Henan, Hubei, Chongqing, 
Yunnan

0.1222<ln ER≤0.3436 Hebei, Jiangsu, Jiangxi, Guizhou, Shaanxi

ln ER>0.3436 Beijing, Shanxi, Inner Mongolia, Anhui, Hunan, Guangxi, Gansu, Xinjiang
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in 2015, only five provinces including Hebei, Jiangsu, 
Jiangxi, Guizhou and Shaanxi had environmental 
regulations intensity is between 0.1222 and 0.3436. 
The positive impact of IFDI and OFDI on the green 
development quality of the logistics industry can be 
fully released at the same time. The environmental 
regulation intensity in Tianjin, Guangdong, Hainan and 
Sichuan is less than -0.2485, which can not make IFDI 
play a role in promoting the green development quality 
of the logistics industry.

Conclusions and Policy Implications

Conclusions

This article empirically tests the impact of two-way 
FDI on the green development quality of the logistics 
industry based on the panel data of 27 provinces in 
China from 2006 to 2015. This paper mainly draws 
following research conclusions: (1) Two-way FDI and 
its interactive items can significantly facilitate the 
green development of the logistics industry, and IFDI 
plays a stronger promoting role than OFDI. (2) Only 
in the eastern region, IFDI and OFDI have played  
a significant role in promoting the green development of 
the logistics industry at the same time. (3) The role of 
IFDI in improving the green development quality of the 
logistics industry has weakened over time, while OFDI 
has strengthened. (4) Taking environmental regulations 
intensity as the threshold variable, IFDI and OFDI has  
a double threshold effect and a single threshold effect on 
the green development quality of the logistics industry, 
respectively. When the environmental regulations 
intensity crossing the threshold value of -0.2485, the 
influence of IFDI on the green development quality 
changes from insignificantly positive to significantly 
positive. When the environmental regulations intensity 
crossing the threshold value of 0.1222, OFDI plays  
a greater role in promoting the green development 
quality of the logistics industry.

Policy Implications

Based on the above conclusions, some feasible 
policy recommendations to further improve the green 
development quality of the logistics industry in China 
are proposed.

Firstly, two-way FDI has significantly improved the 
green development quality of the logistics industry. 
This finding indicates that China’s logistics industry 
needs to adhere to both “bringing in” and “going 
out” strategies. On the one hand, on the premise of 
not jeopardizing national security and major national 
interests, China needs to continue to liberalize foreign 
investment access and shareholding restrictions in 
logistics-related fields such as trade logistics, express 
delivery, and warehousing facilities. In this way, 
China can learn from foreign experience, practices and 

advanced concepts in promoting the development of 
the logistics industry. Furthermore, local governments 
should formulate scientific and reasonable investment 
attraction policies, introduce high-level high-quality 
foreign capital, pay attention to the environmental 
benefits of the inflow of IFDI, and release the green 
technology spillover effect of IFDI. On the other hand, 
the government should deliver dynamics information  
on domestic and international economic policies 
regularly, reinforce the macro-guidance of overseas 
investment, assist logistics enterprises in risk 
identification and investment estimation, and improve 
the success rate of outbound investment. At the same 
time enterprises should take the initiative to learn 
from advanced green technologies of the host country, 
and improve the green economy efficacy of the home 
country through digest, absorption and innovation of 
green technologies.

Secondly, there is obvious regional heterogeneity in 
the impact of two-way FDI on the green development 
quality of the logistics industry. This finding indicates 
that local governments need to take targeted measures 
in light of their own realities. Specifically, the eastern 
region should introduce high-quality foreign investment 
in the logistics industry, focusing on the technical 
level, management level and profitability of IFDI. 
For the central region, the impact of OFDI on the 
green development quality of the logistics industry is 
not significant. Therefore, local governments should 
strengthen the guidance and assistance for logistics 
enterprises to “going out”, and provide financial, legal 
aid, information services and other support. For the 
western region, the impact of two-way FDI on the 
green development quality of the logistics industry is 
not significant. Therefore, the western region should 
take advantage of the opportunity of the “Belt and 
Road” initiative to attract foreign capital in the logistics 
industry by virtue of its advantages in natural resources 
and labor costs, promote the development of local 
logistics industry by means of foreign capital, and 
improve the strength and willingness of local logistics 
enterprises to “going out” by relying on the capital and 
technology obtained by foreign capital.

Thirdly, the impact of two-way FDI on the green 
development quality of the logistics industry has a 
threshold effect based on environmental regulation. 
This finding suggests that the government should 
improve environmental supervision. On the one hand, 
we should improve the implementation of environmental 
supervision, limit foreign-funded projects with low 
level, high consumption and high pollution, and 
encourage the introduction of environmentally-friendly 
foreign-funded enterprises. On the other hand, the 
government should help “going out” companies to 
establish green development concepts, and force 
companies to seek ecological technologies through the 
strong environmental regulations of the home country. 
It is worth noting that the government should not blindly 
improve the environmental regulation intensity, but 
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should control the environmental regulations intensity 
within a reasonable range.
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