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ABSTRACT. Trade and environment are important issues closely related to the develop-
ment of the national economy and the improvement of people’s livelihood in the new era.
Using China’s industrial enterprises’ pollution data and the Chinese industrial enter-
prises’ data from 2000 to 2012, this paper systematically examines the impact of import
sophistication on China’s environmental pollution and its transmission mechanism from
the micro-enterprise level. The research results show that import sophistication signifi-
cantly reduces environmental pollution in China. After considering sample selection bias,
the endogenous nature of variables, and the use of different measurement indicators, the
core conclusions of this article are still valid. In mon-exporting enterprises, processing
trade enterprises, low energy-consumption enterprises, foreign-funded enterprises, and
enterprises in the eastern region, import sophistication plays a more significant role in
reducing the environmental pollution. In addition, an intermediary effect model is con-
structed to examine how import sophistication affects enterprises’ pollution emissions. It
1s found that the “technology spillover effect” and “competition effect” brought about by
import sophistication are two channels to reduce environmental pollution.

Keywords: Import sophistication, Environmental pollution, Technology spillover effect,
Competition effect, Mediating effect model

1. Introduction. The research on the relationship between trade and environmental
pollution has always been a hot and key issue in the cross field of trade economics and
environmental economics, but the conclusions of the existing studies are not consistent.
Some scholars support the “Pollution Haven Hypothesis” (PHH), which states that trade
causes environmental degradation in developing countries. Specifically, trade causes the
transfer of polluting industries from developed to developing countries, for example, Low
and Yeats [1], Lucas et al. [2], Shen [3], Zhang [4], Li and Qi [5]. Other scholars believe that
trade can significantly reduce environmental pollution in developing countries through
technological or allocation effects, such as Antweiler et al. [6], Liddle [7], Shen and Tang
[8], Li and Lu [9], Lin and Liu [10], Cherniwchan [11], Shapiro and Walker [12], Chen [13]
and Liu [14]. The existing literature has carried out a rich exploration of the relationship
between trade and environmental pollution, but macro (transnational or industrial) data
is basically used to study the impact of trade on environmental pollution, while micro
data research is scarce [11,13,15]. At the same time, in terms of import trade, few kinds
of literature specifically explore the impact of import sophistication on environmental
pollution, which is of great practical significance in the current context.

The Ministry of Commerce and other departments put forward the policy measures of
expanding imports to promote balanced development of foreign trade from four aspects in
the Opinions on Expanding Imports to Promote Balanced Development of Foreign Trade.
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President Xi Jinping declared at the opening ceremony of the 4th China International
Import Expo in November 2021 that China will continue to put the expansion of imports
in an important position and increase imports from neighboring countries. Through im-
port trade, domestic enterprises can learn and absorb foreign advanced technologies and
experiences to further promote the improvement of the technology of energy conserva-
tion and emission reduction, which is an important reflection of the import effect. For
example, Wang and Chen [16] found that import and export trade significantly promot-
ed the improvement of energy efficiency and reduced pollution. Li and Ding [17] found
that imported technology spillovers improved energy efficiency at the industry level and
contributed to energy conservation and emission reduction. Fang and Xia [18] believed
that there is a significant double threshold effect between import diversity and energy
efficiency. Therefore, it will be an inevitable trend to promote import trade in the future,
and import will also become an important issue in the research of China’s economic de-
velopment. In this context, it will be of great practical significance to explore the impact
of import sophistication on environmental pollution.

Through the review of the current literature on the relationship between international
trade and environmental pollution, it can be found that the existing research has the fol-
lowing typical defects. First, most of the existing studies measure environmental pollution
from the macro level, such as the provincial level or the industry level. This measurement
method cannot reflect the heterogeneity of enterprises, and may also have the error of
summing up. Researches from the micro perspective are relatively scarce. Second, when
exploring the relationship between international trade and environmental pollution in
China, the existing studies have not explored the impact of import effect on environmen-
tal pollution from the perspective of import sophistication. Third, the existing research
rarely deals with the test of the impact mechanism, and it is difficult to explain the in-
ternal mechanism of international trade affecting environmental pollution on a deeper
level.

This paper may enrich and expand the existing research in the following aspects. First,
existing studies rarely use micro-enterprise data when exploring the impact of trade on
environmental pollution, and there is a lack of research on the impact of trade on China’s
environmental pollution based on micro-enterprise data. Based on the combination of data
on Chinese industrial enterprises and pollution data from Chinese industrial enterprises,
this paper systematically investigates the impact of import sophistication on China’s envi-
ronmental pollution and its transmission mechanism from the micro-enterprise level. The
results show that enterprises’ import sophistication significantly reduces China’s environ-
mental pollution. Second, this paper constructs a mediating effect model to explore the
channel path through which import sophistication affects environmental pollution. It is
found that import sophistication reduces environmental pollution through two channels:
the “technology spillover effect” and the “competition effect”, which makes up for the
lack of research on impact mechanism testing in current studies.

2. Theoretical and Mechanism Analysis. According to the existing literature, the
impact of import sophistication on environmental pollution is mainly through the tech-
nology spillover effect and competition effect.

2.1. Technology spillover effect. Products with high technical complexity contain ad-
vanced production technology and experience from exporting countries. Importing coun-
tries can improve their productivity and technological level by learning, absorbing, and
improving the advanced technology and knowledge implied by these products. Coe and
Helpman [19] found that in import trade, international technology spillovers would pro-
mote the total factor productivity of importing countries. Jiang and Feng [20] found that
import trade produced significant technology spillover effects through empirical tests.
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The improvement of technology promotes the use efficiency of the input factors, and then
improves the energy utilization efficiency of enterprises, achieves the effect of energy sav-
ing and emission reduction, and reduces environmental pollution, which is the so-called
“technology spillover effect”. Klein and Robison [21] conducted empirical tests using data
at the industry level of the United States and found that the technological progress of
American enterprises promoted the improvement of energy efficiency. Lin and Polenske
[22] conducted empirical tests based on China’s time series data and found that techno-
logical progress promoted the improvement of energy efficiency, and the main channel of
energy efficiency improvement was the progress of the technological level. Li and Zhou
[23] also believed that technological progress improves the energy efficiency of enterprises
and thus reduces environmental pollution through research.

2.2. Competition effect. The import of advanced products with high technical com-
plexity will bring competitive pressure to domestic enterprises, while competition is con-
ducive to promoting the improvement of innovation level [24]. Because in the face of
import competition, domestic enterprises will strive to expand the R&D to promote the
development of new products, that is, the fierce competition environment created by the
influx of advanced imported products into the domestic market will stimulate domestic
enterprises to increase investment in R&D to enhance the level of technological innova-
tion, and capture more market, and the upgrading of technological innovation level is
beneficial to promote the efficiency of energy, which is conducive to energy saving and
emission reduction and pollution reduction. At the same time, to maintain or expand the
original market, the domestic enterprises will also use cracking methods such as reverse
engineering when importing high technological complexity products to apply the R&D
and advanced technologies contained in high technological complexity imported products
to the production and manufacturing of native products [25], thus promoting the energy
efficiency of ascension, to reduce pollution.
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F1GURE 1. Mechanism diagram of import sophistication affecting enter-
prises’ environmental pollution

3. Empirical Model, Index Measure, and Data Source.

3.1. Empirical model setting. This research focuses on the impact of enterprises’ im-
port sophistication on environmental pollution. The econometric model is set up by re-
ferring to relevant literature as follows:

SOg,ﬁt:a+ﬁ-]Sft+'yXﬁt+5t+(5i+5r+€ﬁt (1)

The subscript f stands for the enterprise, ¢ stands for the industry, ¢ stands for the year
and 7 stands for the region. SO, g stands for the sulfur dioxide emissions of enterprises’,
and takes the natural logarithm in regression, and « is the intercept term. ISy, stands
for the import sophistication of enterprises, and takes the natural logarithm in regression,

!Other pollution emissions are used as explained variables for robustness analysis.
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and (3 represents the impact of import sophistication on environmental pollution. Xg
stands for the control variables at the firm level, and 7 represents the influence degree of
the index composed of control variables on environmental pollution. Control variables at
the enterprise level include enterprises’ scale (scale), represented by the natural logarithm
of total industrial output value; financing constraint (Loan), expressed by the ratio of
accounts receivable and fixed assets, and the natural logarithm is used in the regression;
state-owned enterprises dummy variable (State), the value of state-owned enterprises is 1,
the value of non-state-owned enterprises is 0; dummy variable (F'di) for foreign enterprises,
the value of which is 1 for foreign enterprises and 0 for local enterprises; enterprises’ age
(Age), represented by the natural logarithm of the difference between the current year and
the year of enterprises’ establishment; capital intensity (Capital), expressed as the ratio of
fixed assets to the number of employees, and the natural logarithm is taken in regression.
In addition, considering that the omission of explanatory variables in the empirical model
will lead to bias in the regression results, to effectively reduce the bias, this paper also
controls the non-observed fixed effects such as year-fixed effects ¢d;, industry-fixed effects
0;, and region-fixed effects 9,, which are random disturbance terms. All data of control
variables are from China Industrial Enterprise Database.

3.2. Import sophistication index measurement. Based on the research ideas of
Hausmann et al. [26] and Liu et al. [27], the import sophistication index of enterprises
was measured. Firstly, the sophistication at the product level is measured, and the spe-
cific calculation is made using the export data of countries in the CEPII-BACI database.
Then, the sophistication at the product level is combined with the trade database of China
Customs to calculate the import sophistication at the firm level.

3.3. Data use and description. This paper uses four sets of data, including the China
Industrial Enterprise Database, China Customs Trade Database, China Industrial En-
terprise Environmental Statistics, and CEPII-BACI Database, and the study period is
2000-2012. In view of the availability of micro-enterprise pollution data, the research
data in this paper is only used until 2012. At present, it is a common phenomenon in
the academic circle to use earlier data for current problems, and no special explanation
has been found in relevant literature of top journals on the use of earlier data, such as
Cherniwchan [11], and Chen [13]. The use of earlier data, which is a long time away from
now, may indeed not be universal and may not be of practical significance to some extent.
However, the research conclusions obtained are of theoretical significance to some extent
and can be used as a guide and reference for the future reality, so the research is feasible.

4. Empirical Test.

4.1. Benchmark regression results. The benchmark regression results of import so-
phistication affecting enterprises’ SO, emissions are listed in Table 1. To investigate the
robustness of the results, columns (1) to (7) in Table 1 are the benchmark regression
results obtained by adding control variables step by step. In column (1) of Table 1, only
the influence of import sophistication is considered. The results show that the estimated
coefficient of the variable of import sophistication is negative and passes the significance
level of 5%, which preliminarily indicates that import sophistication significantly reduces
SO, emissions of enterprises. Columns (2) to (7) are the regression results after gradually
adding control variables. The regression coefficients of import sophistication variables in
each column are still all significantly negative. It can be found that the significant nega-
tive effect of import sophistication on SOs emissions of enterprises is robust. In addition,
consistent with the conclusions of most studies on environmental pollution, the regression
results of the control variables did not change much.
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TABLE 1. Benchmark regression results

Variable (1) (2) (3) (4) (5) (6) (7)
5 —0.0522** —0.1048*** —0.1011** —0.0968"** —0.084*** —0.07890** —0.0898***
1t (0.0256)  (0.0237)  (0.0237)  (0.0236)  (0.0236)  (0.0235)  (0.0235)
Scale 0.5970"*  0.5969**  0.5893***  0.5927*** 0.5798*** 0.5690***

(0.0105)  (0.0106)  (0.0105)  (0.0105)  (0.0106)  (0.0110)
385815 35872V 27TIAMF 26010 2.6282°*

Loan (0.8418)  (0.8377)  (0.8378)  (0.8357)  (0.8333)
State 0.6230"*  0.5505"*  0.4348"*  0.3793"*
(0.0443)  (0.0446)  (0.0461)  (0.0463)

P —0.3314%  —0.2897 —(.2713*
(0.0286)  (0.0288)  (0.0293)

4 —0.2048"*  —0.7519"
g€ (0.0197)  (0.0991)

. —0.0406**
Capital (0.0131)

Control ~ 10.25"*  3.6226™**  3.5508"*  3.5367°"  3.4928"*  3.0916**  4.2714***
variables  (0.2464)  (0.2562)  (0.2571)  (0.2558)  (0.2549)  (0.2571)  (0.2842)

Year
fixed effect Yes Yes Yes Yes Yes Yes Yes
Industry
fixed effect Yes Yes Yes Yes Yes Yes Yes
Region ] ‘ 1 ‘ ‘ ‘ ‘
fixed effect Yes Yes Yes Yes Yes Yes Yes
Observations 19665 19662 19433 19433 19433 19391 19366
j. R-sq 0.3875 0.4753 0.4769 0.4822 0.4859 0.4890 0.4922

Note: ***, ** and * indicate the significance of the regression coefficient by 1%, 5% and 10%. The numbers in
parentheses are standard errors. This is with the following table.

4.2. Endogeneity test.

4.2.1. Considering the possible sample selection bias problem. This paper draws on the
research ideas of Heckman [28] and adopts the two-stage method for the endogeneity
test to overcome the possible sample selection bias problem. The test results are shown in
columns (1) and (2) of Table 2. It can be found that after controlling for sample selectivity
bias, the estimated coefficient of the import sophistication variable is significantly nega-
tive, which means that the core conclusion is valid. The estimated coefficient of nivmillss
variable also passed the significance level of 1%. This conclusion indicates that the bench-
mark regression results of this research may have sample selection bias, and it is feasible
and reasonable to investigate the influence of sample selection bias in this part.

4.2.2. Two-Stage Least Square method (25LS). To overcome the endogeneity problem
caus- ed by reverse causality and omitted variables, this paper uses the independent
variables (import sophistication) with a lag of one phase and a lag of two-phase as instru-
mental variables of import sophistication [29]. The test results of the 2SLS are listed in
columns (3) and (4) of Table 2. It can be found that regardless of whether the selected
instrumental variable is the first lag period of the independent variable or the second lag
period of the independent variable, the estimates of the coefficient of import sophistication
variable are all significantly negative, indicating that the import sophistication reduces
the SO, emissions of enterprises. Both test results show that the 2SLS regression results
are robust, which also indicates that the instrumental variables selected in this paper are
reasonable.
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4.2.3. Generalized Method of Moments (GMM). GMM is also adopted in this paper to
avoid the endogeneity problem. Column (5) of Table 2 reports the estimation results of
GMM. It can be found that the magnitude and significance of the variable regression coef-
ficients do not change greatly compared with the benchmark regression results, indicating
that the import sophistication still significantly reduces the SOy emissions of enterprises
even after controlling for the endogeneity of the model.

TABLE 2. Endogeneity test

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

Variables Heckman two-stage method 2SLS GMM
The first The second Lag Lag
stage (Probit) stage phase 1 phase 2
50 —0.0558*** —0.0124*** —0.6008***  —0.6856** —0.1227***
ft (0.1237) (0.0251) (0.0510) (0.9620) (0.3547)
KP-LM 20.332*** 13.747***
Wald RK F 18.856*** 12.653***
invmillsss 0.1076™
(0.1326)
Constant Yes Yes Yes Yes Yes
term
Year
fixed offect Yes Yes Yes Yes Yes
Industry
fixed effoct Yes Yes Yes Yes Yes
Region
fixed effect Yes Yes Yes Yes Yes
0.0678
AR(1) 10.0000]
0.4377
AR(2) 10.0000]
Observations 17565 15377 15218 12434 14119
J. R-sq 0.1547 0.2103 0.1385 0.1468

4.3. Robustness test.

4.3.1. Other measures of pollution emissions. For the sake of the robustness of test re-
sults, nitrogen oxide emission and soot emission are continued to be used to measure
environmental pollution for robustness tests. The results show that the estimated coeffi-
cients of the two different measures of environmental pollution are significantly negative,
indicating that changing the environmental pollution method will not change the core
conclusion of this paper, that is, the benchmark regression results are robust. In addi-
tion, this paper also replaces SOy emission by coal consumption to conduct a robustness
test. The results show that the estimated coefficient of coal consumption is still signifi-
cantly negative, indicating that the import sophistication reduces the coal consumption
of enterprises. In conclusion, changing the calculation method of enterprises’ pollution
emissions will not affect the core conclusion of this paper, namely, the import sophistica-
tion significantly reduces the SOy emissions of enterprises. Limited by space, results are
available on request.

4.3.2. Other measures of import sophistication. This paper further adjusts the calculation
of product technical complexity according to the difference in product quality [30], to
obtain other measurement methods of import sophistication. The test results show that
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the magnitude and significance of the estimated coefficient of the import sophistication
variable do not change much, indicating that the impact of import sophistication on SO,
emissions of enterprises will not vary with different measurement methods of explanatory
variables. Limited by space, results are available on request.

4.4. Heterogeneity analysis.

4.4.1. Whether the enterprise exports or not. It can be found that the import sophistica-
tion of both exporting and non-exporting enterprises significantly reduces SOy emissions.
However, by comparing the absolute value of the estimated coefficient, it is found that for
non-exporting enterprises, the effect of import sophistication on reducing SOy emissions
is stronger than that for exporting enterprises. Limited by space, results are available on
request.

4.4.2. The trade modes of enterprises. The results show that the import sophistication
significantly reduces the SO, emissions of both general trading and processing trade firms.
However, by comparing the absolute value of the estimated coefficient, it is found that for
processing trade enterprises, the effect of import sophistication on reducing SO, emissions
is stronger than that for general trading enterprises. Limited by space, results are available
on request.

4.4.3. Whether the high energy consumption industry or not. Based on the research ideas
of Han et al. [31], this research defines nine industries such as petroleum, chemical, iron
and steel, coal, nonferrous metals, building materials, electric power, textile and paper-
making as high energy consumption industries, and the remaining industries as low energy
consumption industries. Sub-sample regression is conducted respectively, and the results
show that the import sophistication significantly reduces the SO, emissions of enterpris-
es in both high-energy and low-energy industries. However, by comparing the absolute
values of the estimated coefficients, it is found that for the low energy consumption in-
dustries, the effect of import sophistication on reducing SO, emissions is stronger than
that for the high energy consumption industries. Limited by space, results are available
on request.

4.4.4. The ownership of enterprises. The results show the estimation results for both
foreign-funded and domestic enterprises, and the results show that the import sophisti-
cation significantly reduces the SO, emissions of both foreign-funded and domestic en-
terprises. However, by comparing the absolute value of the estimated coefficient, it is
found that for foreign-funded enterprises, the effect of import sophistication on reducing
SO, emissions is stronger than that of domestic enterprises. Limited by space, results are
available on request.

4.4.5. Region. The results show that the import sophistication significantly reduces the
SO, emissions of enterprises in the eastern region, but has no significant impact on the
SO, emissions of enterprises in the central and western regions. Limited by space, results
are available on request.

5. Mechanism Test.

5.1. Construction of mediating effect model. The foregoing content has confirmed
that import sophistication significantly reduces enterprise SO, emissions, but the channel
path through which import sophistication affects enterprises’ SO emissions has not been
analyzed. Therefore, a mediating effect model is constructed in this study to explore the
mechanism by which import sophistication affects enterprise SOy emissions. According
to the above theoretical mechanism analysis, this study selects enterprises’ productivity
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and enterprises’ R&D investment as mediating variables and constructs a mediating effect
model to test the internal mechanism of import sophistication:

SOopit =1+ 1 - ISy +vXp +0r + 0; + 0, + €t (2)
tpp = o + P2+ IS g + v Xjpe + 0p + 0 + 0r + €t (3)
Inng = oas+ B3 ISy + v Xp + 64 + 0 + 6, + €5t (4)
SOop = ay+ Ba- ISp + 0 - tfpgy +w - Inngy + v Xpe + 00 + 0 + 0+ (5)

The Olley-Pakes semi-parametric method (OP method) is used to measure the total
factor productivity of the enterprise, and takes the natural logarithm in regression. Inn s;
stands for the R&D input of enterprises, with R&D investment assigned as 1, and no
R&D investment assigned as 0.

5.2. Test results of mediating effect model. The test results of the action mechanism
of import sophistication affecting SO, emission of enterprises are listed in Table 3 below.
Column (2) shows the estimation results with enterprises’ productivity as the explained
variable. It is found that the estimated coefficient of import sophistication is significantly
positive, indicating that import sophistication significantly promotes the improvement of
enterprises’ productivity. Column (3) reports the estimation results of enterprises’ R&D
input as the explained variable, and it is found that the estimated coefficient of import
sophistication is significantly positive, indicating that import sophistication significantly
promotes enterprises to increase R&D input. Column (4) reports the effect of the interme-
diary variable of enterprises’ productivity on SO, emissions. It is found that the estimated
coefficient of the intermediary variable of enterprises’ productivity is significantly nega-
tive, indicating that the improvement of enterprises’ productivity significantly reduces
enterprise SOy emissions. Column (5) reports the effect of the intermediary variable of
enterprises’ R&D input on enterprises’ SO, emissions. It is found that the estimated co-
efficient of the intermediary variable of enterprises’” R&D input is significantly negative,
indicating that the increase of enterprises” R&D input can help reduce enterprises’ SOo
emissions. It is worth noting that when the variables of enterprises’ productivity and
R&D input are added to column (4) and column (5) respectively, the absolute value of

TABLE 3. Test results of the mechanism of action

Variables (1) SOy (2) tfps (3) Inngy  (4) SO (5) SOg5 (6) SO9 it
—0.0898"* 0.0042**  0.1945** —0.0727** —0.0331"* —0.0132***

IS g (0.0235)  (0.0017)  (0.0549) (0.0233) (0.0672) (0.0666)
1, —1.4282%** —2.0870***
Pt (0.0845) (0.2785)
Inn —0.0087* —0.0075*
fit (0.0191)  (0.0189)
an trol Yes Yes Yes Yes Yes Yes
variables
Year
fixed offect Yes Yes Yes Yes Yes Yes
Industry
fixced effoct Yes Yes Yes Yes Yes Yes
Region
fixed offect Yes Yes Yes Yes Yes Yes
Constant 4.2714***  0.6644** —6.9086** 5.1859***  3.1616™*  4.6952***
term (0.2842)  (0.0204)  (0.6681) (0.2873) (0.8510) (0.8675)
Observations 19366 30368 16209 19360 15247 14246

J. R-sq 0.4922 0.4771 0.1980 0.4998 0.5206 0.5294
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the estimated coefficient of the core explanatory variable of import sophistication de-
creases significantly compared with the benchmark regression result in column (1). At
the same time, column (6) is the result after adding the mediating variables of enterpris-
es’ productivity and R&D input, the absolute value of the estimated coefficient of the
core explanatory variable of import sophistication further decreases compared with the
benchmark regression result in column (1). It shows again that the import sophistication
reduces the SO, emission of enterprises through two possible channels: improving en-
terprises’ productivity and increasing enterprises’ R&D investment. The above analysis
indicates that the “technology spillover effect” and “competition effect” are the channels
through which import sophistication affects enterprises’ SO, emissions.

6. Conclusions and Policy Implications.

6.1. Conclusions. Using China Industry Enterprise Database, China Customs Trade
Database, China Industry Enterprise Environmental Statistics and CEPII-BACI Data-
base, this paper systematically investigates the impact of import sophistication on envi-
ronmental pollution and its mechanism in China. The findings are as follows. Firstly, the
import sophistication significantly reduces the emissions of SO,. After considering sample
selection bias, the endogenous nature of variables, and the use of different measurement
indicators, the core conclusion of this article is still valid. Secondly, the results of sub-
sample regression show that the improvement of import sophistication of non-exporting
enterprises has a stronger effect on reducing SO, emissions than exporting enterprises.
The improvement of import sophistication of processing trade enterprises has a stronger
effect on reducing SO, emissions than that of general trading enterprises. The improve-
ment of import sophistication of enterprises in low energy consumption industries has a
stronger effect on reducing SO, emissions than enterprises in high energy consumption
industries. The improvement of import sophistication of foreign-funded enterprises has a
stronger effect on reducing SO, emissions than domestic enterprises. The improvement of
import sophistication of enterprises in eastern China significantly reduces SO, emissions,
while the improvement of import sophistication of enterprises in central and western Chi-
na does not affect SOy emissions. Thirdly, through the mechanism test of the influence
channel, it is found that the import sophistication reduces the SO, emissions of enterprises
through two channels: the “technology spillover effect” and “competition effect”.

6.2. Policy implications. Import sophistication can significantly reduce environmental
pollution, showing that the import trade not only promotes China’s foreign trade and
economic development, but also promotes the improvement of the environment and thus
improves the welfare level of the Chinese society, which is a strong boost of the advance
of the construction of the trade power provides in new normal. Currently, the shift from
the high input, high consumption, and high pollution of extensive economic development
mode to the “green development” mode is beneficial to reduce the pollution of the envi-
ronment, and promote the sustainable development of the economy. The closure of the
“one size fits all” type of high energy consumption, high pollution, and low output of
development of the enterprises’ path will damage the social welfare in the long run, which
is not an effective path to sustainable economic development. Therefore, the direct closure
of enterprises with high consumption, high pollution, and low output can only improve
the environment in the short term, but is not a long-term solution to effectively promote
economic growth and development. Given this, the government can improve environmen-
tal conditions by encouraging enterprises to increase the complexity of high technology
products of import and expanding opening to the outside world. At the same time, en-
terprises should strengthen human capital accumulation, focus on labor skills improving,
raise their ability of technical learning and absorption, increase R&D investment, improve
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the efficiency of the use of inputs, reduce the pollution of the environment, and achieve
the “win-win” of energy conservation and emission reduction and economic growth.

Acknowledgment. This study is funded by 2022 Construction Project of Philosophy
and Social Science Planning of Guangdong Province “Study on the Relationship between
Import Competition and Domestic Value Added Rate of Export of Guangdong Province
under the New Development Pattern” (Project No. GD22XYJ25); “Research on the Inno-
vative Development of Guangdong’s Economic External Circulation under the Background
of RCEP coming into Effect” by the Department of Education of Guangdong Province in
2022 (Project No. 2022WTSCX139); 2022 “14th Five-Year Plan” Project of Guangzhou
Philosophy and Social Science Development “Research on the Impact of Import Compe-
tition on Guangzhou’s export Domestic Value Added Rate” (Project No. 2022GZGJ27);
2023 Foshan Social Science Planning co-construction project “Foshan Modern Urban Agri-
culture High-quality Development Research” (Project No. 2023-GJ134).

REFERENCES

[1] P. Low and A. Yeats, Do Dirty Industries Migrate?, World Bank Discussion Papers, 1992.

[2] R. E. Lucas, D. Wheeler and H. Hettige, Economic development, environmental regulation, and the
international migration of toxic industrial pollution, World Bank Publications, no.1062, pp.1960-
1988, 1992.

[3] J. Shen, Trade liberalization and environmental degradation in China, Applied Economics, 10.40,
pp-997-1004, 2008.

[4] Y. G. Zhang, Energy and environmental costs of China’s trade growth, Quantitative Technical and
Economic Research, no.1, pp.16-29, 2009.

[5] K. Li and S. Z. Qi, Trade openness, economic growth, and China’s carbon dioxide emissions, Eco-
nomic Research Journal, no.11, pp.60-72+102, 2011.

[6] W. Antweiler, B. R. Copeland and M. S. Taylor, Is free trade good for the environment?, American
Economic Review, vol.91, no.4, pp.877-908, 2001.

[7] B. Liddle, Free trade and the environment-development system, Ecological Economics, vol.39, no.1,
pp-21-36, 2001.

[8] S.S. Shen and Z. Tang, The influence of foreign trade on China’s pollution emissions: Taking sulfur
dioxide emissions as an example, Management World, no.6, pp.21-294187, 2008.

9] X. P. Li and X. X. Lu, International trade, transfer of polluting industries and industrial CO4
emissions in China, Economic Research Journal, no.1, pp.15-26, 2010.

[10] B. Q. Lin and H. X. Liu, Whether foreign trade is conducive to improving energy and environmental
efficiency: A case study of China’s industrial sector, Economic Research Journal, no.9, pp.127-141,
2015.

[11] J. Cherniwchan, Trade liberalization, and the environment: Evidence from NAFTA and US manu-
facturing, Journal of International Economics, no.105, pp.130-149, 2017.

[12] J. S. Shapiro and R. Walker, Why is pollution from US manufacturing declining? The roles of envi-
ronmental regulation, productivity, and trade, American Economic Review, vol.108, n0.38, pp.14-54,
2018.

[13] D. K. Chen, Trade barrier decrease and environmental pollution improvement: New evidence from
China’s firm-level pollution data, Economic Research Journal, no.11, pp.98-114, 2020.

[14] X. H. Liu, Does energy efficiency benefit from the trade liberalization?, Collected Essays on Finance
and Economics, no.3, pp.3-14, 2022.

[15] H. Liu, Q. Li, R. Wang, R. Ding and G. Li, Exergoeconomic analysis of ironmaking process consid-
ering environmental impact cost, International Journal of Innovative Computing, Information and
Control, vol.17, no.5, pp.1559-1570, 2021.

[16] L. Wang and R. X. Chen, Foreign direct investment, import and export trade, and inter-provincial
energy efficiency: An empirical study based on GMM generalized moment estimation, Technology
and Innovation Management, vol.40, no.1, pp.59-64, 2019.

[17] P. Li and S. H. Ding, Does import technology spillovers improve energy efficiency in the manufac-
turing industry?, China Soft Science, no.12, pp.137-149, 2019.

[18] J. C. Fang and Y. X. Xia, Policy uncertainty, import diversity, and energy efficiency, Science Tech-
nology and Economy, vol.34, no.6, pp.91-95, 2021.

[19] D. T. Coe and E. Helpman, International R&D spillovers, Furopean Economic Review, vol.39, no.5,
pp-895-887, 1995.



[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

ICIC EXPRESS LETTERS, PART B: APPLICATIONS, VOL.14, NO.12, 2023 1327

R. A. Jiang and G. F. Feng, Trade, FDI, intangible technology spillover, and China’s technological
progress, Management World, no.9, pp.49-60, 2012.

Y. L. Klein and H. D. Robison, Energy efficiency, fuel switching, and environmental emissions: The
case of a high-efficiency furnace, Southern Economic Journal, n0o.58, pp.1088-1094, 1992.

X. Lin and K. R. Polenske, Input-output anatomy of China’s energy use change in the 1980s, Eco-
nomic System Research, vol.7, no.1, pp.67-84, 1995.

L. S. Li and Y. Zhou, Can technological progress improve energy efficiency? An empirical study of
China’s industrial sector, Management World, no.10, pp.82-89, 2006.

J. Zhang, W. P. Zheng and F. X. Zhai, How competition affects innovation: A new test of the
Chinese scenario, Management World, no.10, pp.82-89, 2006.

P. Y. Xu and W. S. Gao, Technology spillovers in international trade: A review of empirical studies,
International Economic and Trade Exploration, no.5, pp.9-14, 2010.

R. Hausmann, J. Hwang, D. Rodrik et al., What you export matters?, Journal of Economic Growth,
vol.12; no.1, pp.1-25, 2005.

M. X. Liu, W. Xu, X. M. Zhu and Y. Tang, Impact of trade policy uncertainty on the complexity of
import technology: A case study of Chinese manufacturing enterprises, Journal of Macroeconomic
Research, no.12, pp.70-83, 2020.

J. J. Heckman, Sample selection bias as a specification error, Econometrica, vol.47, no.1, pp.153-161,
1979.

X. F. Qian and D. M. Fan, International trade and enterprises’ markup: A literature review, Eco-
nomic Research Journal, no.2, pp.172-185, 2015.

B. Xu, The sophistication of exports: Is China special?, China Economic Review, vol.21, no.3,
pp.21-56, 2010.

C. Han, Z. Chen and Z. Wang, Research on the mechanism of pollution reduction effect of enterprises
under the constraint of energy saving target, China Industrial Economics, no.10, pp.43-61, 2020.



