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Using data from 30 provincial-level in China during 2005-2019, this paper
investigates the impact of foreign direct investment (FDI) quality characteristics
on carbon emission intensity. Based on the Copeland-Taylor model, the
mechanism of the impact of FDI quality characteristics on carbon emission
intensity is also investigated. The key findings demonstrate that FDI quality traits
considerably lower regional carbon intensity, and the result is still robust after
considering the spatial correlation and using IV-2sls in consideration of
endogeneity. The FDI quality characteristics mainly reduce carbon emission
intensity through green technology improvement, industrial structure, and
factor endowment structure optimization. Moreover, further evidence shows
that there are heterogeneous effects with regard to regional and FDI quality
characteristics. From the standpoint of FDI quality characteristics, this study
adds to the literature on FDI and environmental pollution. Policy
recommendations for China are also discussed in this paper, which can
serve as a guide for other emerging nations.
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effect

1 Introduction

Atmospheric problems will not only lead to a decline in labor productivity, but they
will also threaten human health (Graff Zivin and Neidell, 2013, Graff Zivin and Neidell,
2012; Chang et al,, 2019; Fu et al., 2021) and bring about regional migration of population
(Chen et al, 2022), which has attracted significant attention from governments and
academia (Chao and Feng, 2018). As the global average temperature rises, greenhouse gas
emissions have risen to the forefront of global air governance (Soutter and Mttus, 2020;
Nejati and Taleghani, 2022). Carbon dioxide and other greenhouse gases are the primary
cause of climate change and temperature rise (Schmalensee et al., 1998). According to the
International Energy Agency’s (IEA) report titled “Global Energy Review: Carbon
Dioxide Emissions in 2021,” global carbon dioxide emissions reached a record high of
36.3 billion tons in 2021, an increase of 6 percent year-over-year (IEA, 2021). The
international community has made concerted efforts to combat climate change on a
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global scale. The 26th United Nations Climate Change
Conference reached an agreement on the implementation
rules for the Paris Agreement on 13 November 2021,
clarifying the global climate governance model with nationally
determined contributions as 2020
(UNFCCC, 2021). Currently, over 120 nations and regions
have placed carbon neutrality on their agendas, and China, a

the foundation after

major carbon emitter, has pledged to achieve “carbon neutrality”
by 2060. (Ye et al., 2022).

Since China’s accession to the WTO, however, FDI has poured
into China and played an indispensable role in fostering China’s
economic development (Wei et al, 2009; Yao et al, 2016).
Numerous studies have demonstrated that FDI promotes the
economic development of the host country through the
technology spillover effect (Anwar and Sun, 2014; Sultana and
Turkina, 2020) and the effect of FDI on enterprise productivity
(Javorcik, 2004; Lin and Kwan, 2016). However, as China’s opening-
up continues to expand, the influx of FDI is accompanied by
increasingly severe environmental issues (Tang and Tan, 2015
Wang et al, 2022). As seen in Figure 1, there is a positive
correlation between foreign direct investment and China’s carbon
dioxide emission. Academic circles are now divided regarding the
positive, negative, and non-linear relationship between FDI and
China’s environment (Jun et al., 2018; Li and Ramanathan, 2020; Xu
et al,, 2021). China’s economy is currently advancing to the high-
quality stage of sustainable green development, and the utilization of
FDI is also shifting from the initial extensive quantitative expansion
to the high-quality stage of sustainable green development.
Therefore, the impact of FDI on China’s environment should be
reexamined from the perspective of FDI quality, we hope, on the one
hand, to provide a new interpretation perspective for the controversy
of “Pollution Heaven” and “Pollution Halo,” and on the other, to
serve as a guide for the modification of investment attraction
strategies in China and other emerging nations.

The “Pollution Heaven Hypothesis” and the “Pollution Halo
Hypothesis” have always been diametrically opposed perspectives in
academia regarding the impact of FDI on the environment.
Copeland and Taylor (1994) proposed the “Pollution Haven
Hypothesis,” which states that developed countries transferred
some industries with high pollution and low added value to
developing countries due to their high environmental protection
requirements and the need for industrial transformation and
upgrading. To close the economic development gap with
developed countries, foreign capital recipient countries have
adopted a tacit and conniving attitude towards polluting foreign
investment, and the “race to the bottom” in environmental
regulation has created a “Pollution Haven” for the transfer of
polluting foreign capital from developed countries (Cheng et al,
2020). Since the “Pollution Haven Hypothesis” was proposed, a
plethora of literatures have examined the impact of international
capital flows on environmental issues such as carbon emissions from
the perspective of foreign direct investment (FDI). Singhania and
Saini (2021), Baek (2016), and Sapkota and Bastola (2017) use data
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from developing countries in Africa, Southeast Asia, and Latin
America, respectively, to establish the existence of “Pollution
Haven.” Using China’s empirical data, Ren et al. (2014), Jun
et al. (2018), and Wang et al. (2022) reach the same conclusion.
Contrary to the “Pollution Haven Hypothesis,” also known as the
“Pollution Halo Hypothesis” (Birdsall and Wheeler, 1993), the influx
of FDI does not exacerbate the environmental degradation in the
host country. In contrast, the advanced technology and
brought by FDI
advantageous to the improvement of production mode and

management  experience are partially
resource utilization efficiency of the host country, which is
advantageous for the reduction of environmental pollution in
host countries (Reppelin-Hill, 1999; Zeng and Eastin, 2012;
Huang et al., 2019). FDI enterprises have a higher technical level
and management experience than local enterprises in the host
country, so they are more capable of improving energy
utilization efficiency for cleaner production, which in turn helps
reduce the emission of pollutants in the host country (Hille et al,,
2019). Moreover, the green production technology of FDI can
effectively stimulate local firms to engage in technological
innovation through the spillover effect and competition effect,
thereby enhancing the environment of the host country (Dong
et al,, 2019; Li and Ramanathan, 2020). Demena and Afesorgbor
(2020) combed through and analyzed 65 relevant research
literatures, and used the Meta-analysis method to analyze the
relationship between FDI and carbon dioxide emissions, thereby
proving the “Pollution Halo Hypothesis” despite the heterogeneity
of the research. Another study asserts that FDI and the environment
of host countries have a non-linear relationship (Xie and Sun, 2020),
such as a U-shaped (Xu et al, 2021) or N-curve (Liu et al., 2019)
relationship. Alternatively, whether FDI reduces carbon emissions
depends on whether it has reached the corresponding threshold,
such as human capital (Lan et al, 2012; Jahanger et al, 2022),
income (Shahbaz et al., 2015), and environmental regulation (Chang
and Li, 2019; Mahmood et al., 2020).

To sum up, there are controversies regarding the influence of
FDI on carbon emissions, including promotion, inhibition, and
non-linear characteristics. The majority of existing research
views FDI as homogeneous capital and examines its impact
on carbon emissions. Rarely has research been conducted on
the effect of FDI quality characteristics on carbon emissions. The
absence of a unified standard for measuring the quality
characteristics of FDI is one possible explanation. Moreover,
FDI quality characteristics are more challenging to quantify than
FDI flow and stock. Currently, research on the quality
characteristics of FDI focuses primarily on the impact of FDI
with different characteristics on economic growth (Alfaro and
Charlton, 2007; Javorcik and Spatareanu, 2011; Jahanger, 2021)
and energy efficiency (Pan et al., 2020) and other aspects, but
studies on the intensity of carbon emissions are scarce.

This paper’s marginal contribution relative to previous
research may be threefold: This paper attempts to provide
empirical evidence that the quality characteristics of FDI
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The correlation of FDI and China's carbon emissions.

impact carbon emissions intensity. As described by Kumar
(2002) and Buckley et al
evaluated FDI quality characteristics from the perspectives of

(2004), we comprehensively
technological level, investment intensity, export level,
profitability, and management ability by using the global
entropy method. Second, according to Grossman and Krueger
(1995), previous research has broken down the impact
mechanism of FDI on the environment of host nations into
scale, composition, and technique effects (Nathaniel et al., 20205
Pazienza,2019; Shahbaz et al,, 2019). We extend the Copeland-
Taylor model by incorporating FDI quality characteristics and
decomposing the influence mechanism of FDI quality
characteristics on carbon emission intensity into technique
and composition effects. Third, we examine in detail the
mechanism of the impact of FDI quality characteristics on
carbon emission intensity, using the industrial structure and
factor structure adjustment of green technological progress as
mediating variables and taking into account the regional and FDI
quality characteristics’ heterogeneity.

The remaining sections of this paper are structured as
follows. Section 2 examines the theoretical mechanism by
which the quality of FDI affects the intensity of carbon
emissions. The third section presents the data and establishes
the empirical model. The fourth section presents and analyzes the
empirical findings. The concluding section outlines the paper’s
key findings and policy implications.

2 Theoretical model

Following Copeland and Taylor’s paradigm for analysis and
quoting Wang et al. (2019), we introduce the quality
characteristics of FDI to analyze its effect on carbon emission
intensity, laying the theoretical foundation for the ensuing
empirical analysis.
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2.1 Basic settings

It is assumed that the entire production system produces two
types of products, clean product Y and polluting product X, and
that polluting product X is a capital-intensive industry, meaning
that while producing X, polluting emissions E are produced.
Assuming that the property rights of the enterprise are clear, the
enterprise must pay the cost of pollution control for each unit of
pollutants discharged, which is recorded as 7. Therefore,
restricted enterprise resources necessitate the investment of
specific production elements in energy conservation and
emission reduction operations. The proportion of production
factors anticipated to be invested in emission reduction is 6
(0<0<1). The production functions for products Y, X, and
pollutant E can be defined as follows:

Y = F(Ky, Ly) 1)
X = (1-6)F(Kx,Ly) (2)
E=¢(0)F(Kx, Lx) (3)
p(B)=(1-6)"/A )

Where, K and L represent the input production components:
capital and labor. ¢ (0) is the emission reduction function related
to the technology level A of the enterprise. The production
function of polluting product X can be deduced from Eqs.1-4
(The derivation is detailed in Supplementary Appendix B):

X = (AE)*[F(Kx, Lx)] "™ ®)

2.2 Reduction decision for enterprise

According to the production function of X, the enterprise’s
production decision can be divided into two parts: on the one
hand, according to the principle of profit maximization, the
enterprise minimizes the unit cost of potential output CF under
the constraints of external capital return y and labor price w. on
the other hand, under the given pollutant discharge cost 7 and
potential output unit cost CF' , rationally allocate pollutant
discharge amount (E) and potential output (F) to minimize
the unit production cost of product X. The decision for product
X is expressed as follows:

Cloy) = min{TAE +Clyy)F (K, L), (AE)*[F (K, L))
- 1}

(6)
obtaining the first-order reciprocal of Eq. 6:
AE(1-a) CF
L &)
o T
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2.3 Emission decision for enterprise

Assuming the market is perfectly competitive and the
enterprise’s net profit is zero, then:

PyX =CFF + TAE (8)

Where, Px Is the price of product X, the emission level of
pollutants (E) can be obtained by combining Eqs 7, 8:

(XPXx
E=""~2" 9
A &)
A further deformation of Eq. 9:
o PyX
E= (PxX+PyY)— | ———= 10
(PxX +Fy )TA[(PXX+PYY)] (10)

Where, Py is the price of product Y, (PxX + PyY) is the total
social output scale, marked as S. % is the proportion of
product X in total output, recorded as ¢, is the output structure
of product X. further deformation of Eq. 10, and take the
logarithm of both sides to obtain Eq. 11:

InE = 1n(§> tlng, + ln(%) (11)

Therefore, the emission of pollutants is mainly affected by
output scale, output structure and technical level. Extensive
literatures have confirmed that international capital flows
(FDI) will affect pollutant emissions through these three
effects (Pazienza,2019; Shahbaz et al.,2019). Based on this, we
define pollution emission intensity as the emission level of
pollution per unit of output. Therefore, divide both sides of
Eq. 10 by the total output S and take the logarithm to obtain
Eq. 12:

Ine = Ina — InT + Ingy — InA (12)

Where, e is pollution emission intensity, it can be seen that
pollution emission intensity is mainly affected by technique effect
and composition effect. We further introduce the quality
of FDI to the
characteristics of FDI affect the pollution emission intensity

characteristics explore how quality
through the two effects.

High-quality FDI is more capable of upgrading green
technology and adjusting production structure to reduce
pollution emission level: on the one hand, high-quality FDI
frequently brings advanced green production technology and
management experience to host countries, which facilitates the
development of local enterprises toward cleaner production via
the spillover effect (Sun et al, 2019; Chen et al, 2021). On the
other hand, high-quality FDI facilitates the transition from a labor-
intensive to a capital-intensive factor endowment structure. In
conjunction with research and development of clean technology,
pollution emissions can be reduced (De Vita et al., 2021). If capital
accumulation increases energy consumption and emission demand,

it is not conducive to reducing pollution emissions (Li and Lin,
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2017). Additionally, high-quality FDI, particularly those that tend to
flow into service and high-tech industries, can assist in optimizing
industry and product structure, enhancing energy efficiency, and so
reducing pollutant emission levels (Bakhsh et al., 2017; Hossain et al.,
2022).

To sum up, the quality characteristics of FDI will influence
the intensity of pollution emissions via the composition effect
and the technique effect. In order to verify the impact of the
quality characteristics of FDI on pollution emission intensity, the
composition effect function and technique effect function are
revised as follows, with reference to Wang et al. (2019):

(13)
(14)

¢y = exp(x,quality + x,control + &)
A = exp({,quality + {,control + &)

Where, quality is the quality characteristic of FDI, control is
other variables that may affect the two effects. Substituting Eqs
13, 14 into Eq. 12 can obtain Eq. 15

Ine = B,quality + 8, control + (15)

3 Methodology and data
3.1 Empirical model

To investigates the impact of FDI quality characteristics on
carbon emission, we follow the theoretical mechanism analysis in
Section 2, the benchmark regression model is:

InCEIL = B, + B,quality; + ©X'; + Xi + o + (16)

Where, the subscripts i and t respectively represent the region
and year, [nCEI; is the regional carbon emission intensity,
quality; is the core explanatory variable of this paper,
representing the quality characteristics of FDI, X; is a series
of control variables, @ is the control variable coefficient vector, A;,
., (t;, are individual fixed effect, time fixed effect and random
disturbance term respectively.

Due to geographical proximity, carbon emissions may have
spatial correlation or local carbon emission levels may be affected
by neighboring FDI. Disregarding the spatial correlation may
lead to inaccurate conclusions. Therefore, we constructed the
following Spatial Durbin Model (SDM) based on the baseline
regression in order to examine the impact of quality
characteristics of FDI on regional carbon emissions in a more
complete manner (The test and selection of spatial econometric
model are explained in detail in Section 4.4 of this paper).

InCEI, = B, + pwlnCEI,, + B, quality; + ,wquality; + ®X';
+wX'yC+ A+ o + g,
(17)

Where, w is the spatial weight matrix, wInCEI; is the spatial lag
term of regional carbon emission intensity, wquality; is the
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spatial lag term of FDI quality characteristics, and wX'; is the
spatial lag term of a series of control variables.

Common space weight matrices include the 0-1 adjacency
space matrix, the inverse distance space matrix, and the
economic distance space matrix, among others. Due to the
fact that the radius of CO, diffusion is primarily dependent
on distance, this paper uses the distance between provinces to
create an inverse distance space matrix. Using the county-level
longitude and latitude coordinate data published by the National
Platform for Common Geospatial Information Services, and
relying on the average longitude and latitude of the provincial
capital cities, we construct the inverse distance space matrix w,
which is also standardized.

3.2 Description of variables

3.2.1 Core explained variables

Indicators for measuring the level of regional carbon
emissions generally include the total emission of CO, and the
intensity of CO,. As China’s economic structure is in the
adjustment phase, industrialization and urbanization are still
accelerating, and energy consumption for economic construction
remains high. China will not be able to reduce its carbon
emissions overnight. China’s pledge to peak carbon emissions
by 2030 demonstrates that China’s current emission reduction
challenge entails a progressive reduction in the intensity of
carbon emissions to give priority to the objective of “carbon
peaking,” followed by a transition to “carbon neutrality.”
Therefore, measuring the level of carbon emissions by the
intensity of carbon emissions is more consistent with China’s
national reality. Carbon emission per unit of GDP is employed in
this paper to measure CO, emission intensity, which is recorded
as CEL

3.2.2 Core explanatory variables

There is no standardized approach for measuring the quality
characteristics of FDI. Based on the concept of FDI quality
proposed by Kumar (2002) and Buckley et al. (2004), we
define high-quality FDI as possessing a high degree of
technical expertise, a wealth of export experience, strong
managerial skills, and profitability. Therefore, we measure the
quality characteristics of FDI from five aspects: technical
characteristics (tech), investment intensity (scale), export
ability (export), profitability (profit), and management ability
(gover) of FDI, and apply the entropy weight method to obtain
FDI overall quality characteristics (qualit y).

The technical characteristics of FDI are measured by the total
(TEP)
enterprises. We measure the relative technical level of FDI

factor productivity of foreign-invested industrial
using the ratio of the per capita unit output of the above-scale
FDI industrial companies to the per capita unit output of the

above-scale Industrial Enterprises. This index also shows the
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technical difference between local industrial firms and industrial
enterprises with foreign investment.

The average investment amount of a single foreign direct
investment business measures the investment intensity of FDI.
The greater the investment intensity, the stronger the capital
strength of the foreign investment enterprise and the larger the
scale of the single investment.

The export of FDI enterprises has traditionally accounted for
a significant percentage of China’s regional export, thus export
capability has become an indispensable aspect of FDI. We use the
ratio of the export volume of FDI enterprises to the total regional
export volume to measure the export capacity of FDI.

The profitability of FDI refers to the profitability of
enterprises after deducting corresponding costs and expenses,
which is generally measured by the cost expense profit margin. In
this paper, the ratio of the cost expense profit margin of the
above-scale FDI industrial enterprises to the cost expense profit
margin of the above-scale industrial enterprises is used to express
the profitability of FDI.

Enterprises with superior management skills are able to
efficiently coordinate and manage internal resources and
increase the asset operation’s efficiency. The contribution rate
of assets reflects the enterprise management level to some extent.
To measure FDI management capability, we use the ratio of the
asset contribution rate of the above-scale FDI industrial firms to
the asset contribution rate of the above-scale industrial
enterprises.

3.2.3 Control variables

Referring to Jiang and Zhao (2019), we first select a set of
control variables that are expected to influence both the level of
regional carbon emissions and the quality of FDI inflows,
including regional energy consumption structure, industrial
structure, regional R&D level, urbanization, and openness
level: 1) The energy consumption structure (energy) is
measured by the proportion of regional coal consumption in
regional energy consumption. 2) The industrial structure (INS) is
measured by the ratio of the value added of the secondary sector
to the value added of the tertiary sector. 3) The level of openness
(open) is measured by the proportion of regional gross imports
and exports in GDP. 4) Regional R&D level adopts Regional R&D
intensity, that is, the proportion of R&D expenditure in GDP. 5)
we adopt nighttime light data as a proxy variable of urbanization.
With reference to Chen et al. (2021), we obtain continuous and
comparable nighttime light data by fitting The DMSP/OLS
lighting data and NPP/VIIRS lighting data.

In addition, we introduce the level of regional environmental
regulation, comprising both formal and informal environmental
regulation, as a control variable. Formal environmental
regulation generally relies on government directives to affect
the environment and economic system. Earlier, Pargal and
Wheeler (1996) defined informal environmental regulation as
follows: when formal environmental regulation cannot play a full
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role, informal environmental regulation such as public
supervision and social demand can supplement the upper
position. According to North’s (1991) institutional theory,
formal institutions can only function effectively if they are
compatible with informal institutions. Considering only one
level of environmental regulation may be biased, so we use
both formal and informal environmental regulation as control
variables to reduce the bias of omitted variables.

Formal environmental regulation is usually measured by the
proportion of industrial pollution control investment in GDP.
However, due to the differences in regional industrial structure,
in order to reduce the deviation in the evaluation of
environmental regulation indicators caused by the differences
in industrial structure, the formal environmental regulation

indicators in this paper are treated as follows:

FER

_ investy /value,-t (18)

= value; GDP.
it

The subscripts i and ¢ respectively represent the region and
year, FER;; is the level of formal environmental regulation.
investy, valuey, GDP; are the completed industrial pollution
control investment, industrial added value, and total GDP,
respectively.

Drawing on Pargal and Wheeler (1996), we select income
level, population density and education level to construct an
informal environmental regulation index system, and use the
entropy method to obtain the informal environmental regulation
level, which is recorded as INER;.

3.2.4 Mediating variables

According to the preceding theoretical study, the quality
characteristics of FDI would influence the intensity of carbon
emissions via the technique effect and the composition effect.
However, if technological progress develops in the direction of
scale expansion rather than cleaner production, it will enhance
the intensity of carbon emissions. Therefore, in order to better
measure whether the quality characteristics of FDI would affect
the regional carbon emission intensity through green technology,
technological progress (green) is assessed by the fraction of
regional green patent applications relative to the overall number
of regional patent applications. I Through the adjustment of
industrial structure and factor endowment structure, the quality
characteristics of FDI will also influence the intensity of carbon
emissions. In this paper, the ratio of the added value of the
secondary industry to the added value of the tertiary industry is
used to measure the industrial structure (INS), The smaller the
value, the greater the proportion of the tertiary industry
dominated by the service industry, and the better the
industrial structure. The per capita capital stock (perasset)
represents the change in the factor endowment structure,
which is measured by the ratio of the regional fixed capital
stock to the average annual employment. The fixed capital stock
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is calculated using the perpetual inventory technique with
2005 as the basis year, and inflation is accounted for using the
fixed asset investment price index with 2005 as the base year. The
precise technique of calculation is as follows:

19)
(20

assety = assetj_y) — a*asset;_yy + invest;

aSSEti(2005) = investi(2005)/ (gl + 0()

Where, the subscripts i and ¢ respectively represent the region
and year. Asset represents the stock of fixed capita, invest is the
new investment in fixed assets, g; represents the average growth
rate of real per capita GDP, and « represents the depreciation rate
of 9.6%.

3.3 Data source

In this paper, the data of 30 provinces, municipalities and
autonomous regions in China from 2005 to 2019 are selected as
the research samples (Tibet, Hong Kong, Macao, and Taiwan are
more missing, which are excluded from the sample). Institute of
Public & Environmental Affairs (IPE) has produced monitoring
data of carbon dioxide emissions since 2005, which more
accurately reflects the regional carbon emission level in terms
of CO, emission intensity. This study uses IPE’s public carbon
emission statistics to manually compile carbon emission intensity
data for 30 provinces, municipalities, and autonomous regions in
China from 2005 to 2019 (The remaining variables and data
sources are shown in Supplementary Table SI in Appendix A).

To reduce the quantity difference between variables and the
problem of multiple collinearities, the absolute number is
expressed in logarithmic form. For the variables measured in
US dollar, the annual average exchange rate is used to convert
into RMB, and the data of per capita capital stock and other
currency types are respectively adjusted by using the fixed assets
investment index and CPI based on 2005 to eliminate the impact
of inflation. Since there are no missing data for explained
variables and explanatory variables, the forward-backward
filling method is adopted for very few missing data to fill in
the missing data. Finally, we obtain the balanced panel data of
30 provinces, municipalities and autonomous regions in China
(The descriptive statistical analysis of variables is shown in
Supplementary Table S2 in Appendix A).

4 Empirical results and discussion
4.1 Baseline results and discussion

The White test indicates that the baseline model (model 16)
rejects the null hypothesis of homoscedasticity [chi2 (54) =

220.05]. Therefore, we adopt “panel fixed effect + clustering
standard error” and more comprehensive FGLS (FGLS) for
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TABLE 1 Estimation results of model 16.

(1) OLS (2) FE_Robust
Quality —0.817 -0.209
(0.114) (0.141)
FER 4.376 0.0626
(3.503) (0.360)
INER —1.555%% 0.328
(0.223) (0.431)
Energy 0.780** 0.523*%*
(0.0451) (0.153)
Open —-0.0960 —0.124
(0.0623) (0.113)
RD ~0.0185 —0.0421
(0.0265) (0.0427)
City 0.0761*** -0.0133
(0.0189) (0.0105)
i No Yes
o No Yes
N 450 450

10.3389/fenvs.2022.998915

(3) RE_Robust (4) FGLS
-0.236* -0.130%*
(0.139) (0.0610)
0.0617 —0.445*
(0.370) (0.256)
0.212 -0.0641
(0.398) (0.127)
0.544*+¢ 0.286**
(0.145) (0.0338)
-0.182** 0.0401
(0.0836) (0.0395)
-0.0547 -0.0121
(0.0408) (0.0108)
-0.0142 0.00415
(0.00954) (0.00554)
Yes Yes

Yes Yes

450 450

Note: *, **, and *** are significant at the level of 10%, 5%, and 1%, respectively. Standard errors are reported in brackets.

regression in an effort to mitigate statistical bias induced by
heteroscedasticity. For regression, we additionally employ OLS
and “panel random effect + cluster standard error” to enable
comparison and verify the robustness of the results. The
benchmark regression results of the impact of FDI quality
characteristics on carbon emission intensity are shown in
Table 1. Considering the heteroscedasticity and intra-group
autocorrelation, the FGLS regression findings serve as the
analytical criterion. The quality characteristics of FDI have a
considerable inhibitory influence on regional carbon emission
intensity, as shown in Table 3. From the perspective of the quality
characteristics of FDI, the “pollution Hevan Hypothesis” has not
been verified. Improving regional FDI quality is an effective
strategy for reducing regional carbon intensity and achieving
carbon emission reduction.

Table 1 displays the test results for robustness of several
regression methods on model 16. Economic activities frequently
result in a delayed response, and the model itself may be
susceptible to reverse causality issues. Therefore, we conducted
robustness test for all explanatory variables lagging behind one
period. At the same time, considering that the dual
environmental regulation and the level of marketization will
have an impact both on the carbon emission intensity and the
quality characteristics of FDI. We also add the interaction terms
of formal environmental regulation and informal environmental
regulation (recorded as crossER) and the level of marketization
(the proportion of general public financial expenditure to GDP,
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TABLE 2 Robustness test results of model 16.

(1) Explanatory variables
lag one stage

(2) Introducing crossER
and market

Quality —0.348*** —0.286***
(0.0994) (0.0695)

CrossER 1.007
(2.573)

Market —-0.276*
(0.164)

Controls  Yes Yes

Ai Yes Yes

o Yes Yes

N 420 450

Note: %, **, and *** are significant at the level of 10%, 5%, and 1%, respectively. Standard
errors are reported in brackets.

recorded as market) into the control variables to further test the
robustness of Model 16. Table 2 contains the results of the
robustness test. It can be observed that the symbol and
significance of the core explanatory variable (quality) have not
changed, indicating the robustness of the benchmark regression
results.

Areas with high pollution will affect the production efficiency
of enterprises and the concentration of human capital, which will
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make it difficult for the areas to attract high-quality FDI. From
this perspective, the baseline model may have potential reverse
causality issues that may lead to biased regression results.
Although we have tried to take a lag period for all
explanatory variables to alleviate the potential reverse causality
problem, and from the control of appropriate variables, time and
individual fixed effect to alleviate the estimation bias caused by
omitted variables. Nonetheless, it is evident that these techniques
are still insufficient to eliminate the endogeneity issue. In order to
further examine the problem of causality identification in basic
regression, we employ the instrumental variable for the quality
characteristics of FDI.

The distance from the city center of each province to the
nearest port is used as an instrumental variable (IV) for the
quality characteristics of FDI The distance between each
province’s core location and the port is strictly exogenous to
economic development, confirming that the instrumental
variable is completely exogenous. Secondly, based on China’s
actual development, it is simpler to attract high-quality FDI the
closer a port is to a greater degree of economic development.
Consequently, employing port proximity as an IV of FDI quality
attributes can successfully mitigate endogenous difficulties
caused by reverse causality.

Iv-2sls is utilized for estimation in this paper, and the results
are shown in Table 3. The 2SLS technique is predicated on the
existence of endogenous explanatory variables and the validity of
instrumental variables. The DWH and unidentified tests are
done, rejecting the null hypothesis that the core explanatory
variable is exogenous (p = 0.0000) and that the instrumental
variable is unidentified (p = 0.0000, demonstrating the validity of
instrumental variables). Table 3 reveals that the F-statistic of the
first stage regression is 119.16, which is significantly greater than
the empirical value of 10, demonstrating that there is no weak
instrumental variable problem. Since the instrumental variable is
time-invariant, it is not suitable for controlling the panel fixed
effect, and the instrumental variable satisfies strict exogeneity and
is not related to the error and the explained variable. Therefore,
only controlling the time fixed effect can identify the causal
relationship between the quality characteristics of FDI and the
intensity of carbon emissions. It can be seen from the results in
Table 3 that the potential endogenous problems underestimate
the carbon emission reduction effect of the quality characteristics
of FDI, Nonetheless, the impact of the quality characteristics of
FDI on the carbon emission intensity remains negative, and the
significance and sign have not changed, demonstrating the
robustness of the benchmark regression results.

4.2 Heterogeneity analysis
4.2.1 Regional heterogeneity analysis

Based on factors such as policy, economy, and geographical
environment, FDI is concentrated in the eastern coastal areas of
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TABLE 3 Regression results of IV.

IV-2SLS
Quality —-3.018***
(0.313)
Controls Yes
o Yes
First stage F statistics 119.16
N 450

Note: *, **, and *** are significant at the level of 10%, 5%, and 1%, respectively. Standard
errors are reported in brackets.

TABLE 4 Regional heterogeneity.

Central
and Western China

Eastern China

Quality 0.301*** —0.332%**
(0.0916) (0.0807)

controls Yes Yes

Ai Yes Yes

o Yes Yes

N 180 270

Note: *, **, and *** are significant at the level of 10%, 5%, and 1%, respectively. Standard
errors are reported in brackets.

China, and the saturation of FDI in coastal areas is significantly
higher than in China’s interior. To determine if the impact of FDI
quality characteristics on carbon emission intensity is regionally
heterogeneous, we divide the entire region into eastern coastal
China and central and western inland China. The eastern coastal
China include 12 provinces and autonomous regions such as
Hainan, Guangxi, Guangdong, Fujian, and Shandong. While the
rest are divided into central and western inland China. Table 4
displays the regional heterogeneity regression results.

The quality characteristics of FDI in eastern coastal China
exacerbate the carbon emission intensity, while the quality
characteristics of FDI in central and western inland China
reduce the carbon emission intensity. The reasons may be as
follows: 1) the high degree of FDI saturation has caused a large
number of resources to accumulate in eastern coastal China.
With the sustainable development of local enterprises in eastern
coastal China, the spillover impact of FDI on local enterprises has
diminished, progressively manifesting as crowding out and
competition effects. In order to reduce costs and maintain
market share, high-quality FDI in the eastern region tends to
expand in scale and profits, thus crowding out R&D costs for
clean and emissive-reducing technologies and increasing carbon
emission levels. 2) FDI in eastern China’s coastal region mainly
flows into the high-yield and high-profit real estate industry, as
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TABLE 5 Heterogeneity of FDI quality characteristics.

(1) (2) (3) 4 (5)
Tech 0.00593
(0.0158)
Lnscale 0.0122
(0.0111)
Export —0.151***
(0.0425)
Profit 0.00252***
(0.000861)
Gover 0.0211*
(0.00820)
Controls Yes Yes Yes Yes Yes
i Yes Yes Yes Yes Yes
a Yes Yes Yes Yes Yes
N 450 450 450 450 450

Note: *, **, and *** are significant at the level of 10%, 5%, and 1%, respectively. Standard
errors are reported in brackets.

well as the high-emission transportation, electric power and gas
industry, which leads to the improvement of carbon emission
level. 3) The inland areas are far behind the eastern coastal areas
in terms of FDI saturation, industrial base or economic
development level in China. Through spillover effects and
competitive incentive effects, high-quality FDI in inland
regions can effectively increase the quality level of firms in the
central and western regions of China. Moreover, the introduction
of high-quality FDI in the central and western regions of China
not only promotes GDP growth, but also aids in the elimination
of excess capacity in the central and western regions and
promotes the development of clean technology, thereby
contributing to the reduction of carbon emission intensity.

4.2.2 Heterogeneity of FDI quality characteristics

From the perspective of the quality characteristics of FDI,
FDI is an aggregate of resources such as technology capital
management ability. In order to further explore whether the
quality characteristics of FDI have a heterogeneous impact on
carbon emission intensity, it is necessary to investigate the impact
on carbon emission intensity from the five quality characteristics
of FDI. Table 5 demonstrates that, among the five quality
characteristics of FDI, the export capacity of FDI significantly
reduces the intensity of carbon emissions, whereas the
profitability and management abilities of FDI increase the
intensity of carbon emissions. Positive but insignificant impact
of technical qualities and investment intensity on carbon
emission intensity.

First, the technical characteristics of FDI have not played a
significant role in local energy conservation and emission
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reduction. The reason may be that the technological progress
of FDI is biased towards production expansion rather than
energy saving and emission reduction, or that the carbon
reduction effect of clean technology is not yet obvious.
Second, the impact of investment intensity on carbon
emission intensity is not significant, which is also explained
that there is no significant evidence of “pollution paradise”
effect in China during the sample period. Thirdly, the impact
of FDI’'s export capacity on carbon emissions intensity
significantly reduces indigenous carbon emissions intensity at
the 1% level. The export capacity of FDI enterprises represents, to
some extent, the competitiveness of FDI enterprises on the
international market, which not only opens up new
international markets for local enterprises but also forces local
enterprises to innovate their production technology and adopt
clean technology production, thereby contributing to the
reduction of carbon emission levels. In addition, the spillover
effect of clean technology from FDI exporters also accelerates the
pace of clean technology innovation in local enterprises. Fourth,
FDI with higher profitability and management significantly
increases the level of carbon intensity, which contradicts the
previously held belief that enterprises with higher profitability
and capital operation capabilities have sufficient funds for clean
technology development and lower carbon intensity. This may be
related to the industry sector of FDI inflows, external constraints
and the social responsibility of firms. From 2005 to 2019, the
majority of foreign direct investment (FDI) in China flowed into
the real estate and manufacturing sectors with high profit
margins and high emissions, both of which captured more
profits for FDI enterprises while bringing higher carbon
the of FDI high-end

manufacturing, service, and information technology sectors is

emission levels; inflow into
the key to the carbon emission reduction effect, but as can be seen
in Figure 2, the proportion of FDI flowing into these sectors is
relatively small. Furthermore, when firms take the initiative to
reduce emissions, with the limited capital constraints of the firm,
capital is allocated efficiently within the firm while the firm tilts
some of its resources towards low carbon emissions reduction.
Therefore, the reason why profitability and management
capabilities do not reduce carbon emissions of FDI firms is
not only related to the industries into which they have flowed,
but also because the capital operations of FDI firms still seek to
maximize capital gains, so they expand production to obtain
revenue, which in turn increases the intensity of carbon
emissions.

We also investigate the heterogeneous effects of FDI quality
characteristics in eastern coastal China and central and western
inland China on carbon emission intensity. From the regression
results in Table 6, it can be seen that the positive effect of FDI
quality on carbon emission intensity in eastern coastal China is
primarily attributable to the investment intensity and exports of
FDI companies. The export capability of FDI is primarily
responsible for the carbon emission reduction effect of
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Distribution of FDI input industries (percentage).

TABLE 6 Regional differences of FDI heterogeneity quality characteristics on carbon emission intensity.

Eastern China

Central and Western China

1 @) 3) “@ 5) 1) ) 3) 4) 5)
Tech 0.0506 -0.0052
(0.0320) (0.0193)
Lnscale 0.0287* 0.0234
(0.0162) (0.0169)
Export 0.178** —0.122**
(0.0665) (0.0535)
Profit 0.0121 0.0039***
(0.009) (0.0011)
Gover 0.0146 0.0227**
(0.0172) (0.0093)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Ai Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
o Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
N Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Note: *, **, and *** are significant at the level of 10%, 5%, and 1%, respectively. Standard errors are reported in brackets.

qualitative characteristics of FDI in central and western inland
China, but profitability and management level of FDI enhance
the carbon emission intensity of the central and western areas. As
discussed in the preceding section, FDI in the eastern region
primarily flows into high-emission real estate, electricity, and gas
industries, and the effect of the expansion of production scale
brought about by the increase in FDI investment intensity is
insufficient to offset the resultant increase in carbon emissions,
thereby increasing the carbon emission intensity in the eastern
region of China. In addition, the eastern coast of China is still

Frontiers in Environmental Science

dominated by exports with poor added value. Even if exports of
high-tech goods are on the upswing, their share of total exports
remains limited. On the one hand, the export of low-value-added
items, primarily from the manufacturing industry, has boosted
carbon emissions. On the other hand, it has constrained
resources in the East and lowered the global output rate,
resulting in a rise in the intensity of carbon emissions. Due to
the gap in economic development, the export of FDI in central
and western inland China not only helps to reduce excess
capacity, but also opens up new markets for enterprises in the
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TABLE 7 Technique effect.

1) (2)
green
All Regions Eastern China
4
quality 0.0323*** 0.0440**
(0.01106) (0.0204)
green
controls Yes Yes
Ai Yes Yes
o Yes Yes

10.3389/fenvs.2022.998915

(3) 4)
InCEI

Central

and Western China

0.0233* —0.239***

(0.0134) (0.0714)
—0.543**
(0.272)

Yes Yes

Yes Yes

Yes Yes

Note: ¥, **, and *** are significant at the level of 10%, 5%, and 1%, respectively. Standard errors are reported in brackets.

central and western regions, introduces new technologies, and
increases regional output, thereby contributing to the reduction
of carbon emissions in central and western China. The reasons
why profitability and management capabilities do not reduce
carbon intensity in central and western inland China may be
consistent with the previous analysis and relate to the industries
into which they flow and the social responsibility of the firms.

4.3 Mechanism test

The aforementioned findings demonstrate that the quality
characteristics of FDI contribute to the reduction of carbon
emissions, with a decreasing effect in central and western
inland China and a rising effect in eastern coastal China.
Therefore, what causes this phenomenon? Based on the
FDI
characteristics have an impact on carbon emission intensity

previous theoretical mechanism analysis, quality

by influencing regional green technology progress and
the

transmission mechanism of carbon emission reduction by FDI

production restructuring. Therefore, we focus on
quality characteristics and the differences between the eastern

coastal China and central-western inland China.

4.3.1 Technique effect

The quality characteristics of FDI affect the level of carbon
emission intensity through technique effect. Through technology
spillover, high-quality FDI enhances the level of regional green
technological innovation. On the other side, high-quality FDI
encourages local businesses to engage in green innovation
through the rivalry mechanism and high-quality FDI demand
for clean products, thereby reducing the intensity of regional
carbon emissions through these two channels. To validate this
transmission mechanism, we use the proportion of regional
green patent applications as a proxy variable for green
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technology. The specific empirical results are reported in
Table 7, where columns (1)-(3) demonstrate that FDI quality
characteristics significantly increase the amount of green
technology innovation in both the eastern and mid-western
regions. And column (4) shows that regional green technology
innovation significantly reduces carbon emissions intensity.
Therefore, it is suggested that the influence mechanism of FDI
quality characteristics to reduce regional carbon intensity by
increasing the level of regional green innovation is valid.

4.3.2 Composition effect

According to the above theoretical mechanism analysis, the
quality characteristics of FDI will also affect the carbon emission
intensity through the optimization of industrial structure and
factor endowment structure. The secondary sector, mainly
industry, is still the main source of carbon emissions. On the
one hand, high-quality FDI can reduce carbon emissions by
improving the level of green technology in the secondary
industry, On the other hand, it optimizes the current
industrial structure by flowing into high-tech industries and
clean industries, such as service industries, to achieve the goal
of carbon emission reduction. The shift in resource factor
endowments from labor-intensive to capital-intensive may
enhance the demand for pollution emissions, but it also
the
technology innovation increasing labor productivity and

completes capital accumulation required for clean
increasing output, which in turn reduces carbon emissions
intensity. The green technology effect of FDI quality
characteristics has been verified in the previous section, and
the next section focuses on verifying the composition effect of
FDI quality characteristics.

According to Table 8, the quality characteristics of FDI
optimize the industrial structure and increase the capital
stock per capita. However, only the central and western

inland China are significant, while the eastern coastal
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TABLE 8 Composition effect.

10.3389/fenvs.2022.998915

(5) (6) (7) (8)
Inperasset InCEI
All Eastern Central
regions China and
Western
China
—0.144** 0.562 0.598*+* —0.163**
(0.0693) (0.608) (0.232) (0.0659)
0.144***
(0.0247)
—0.094***
(0.0105)
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes

(1) (2) (3 4
INS InCEI
All Eastern Central
regions China and
Western
China
quality —0.397%%* 0.0267 —0.752%%* 1.007+%*
(0.115) (0.131) (0.152) (0.224)
INS
Inperasset
controls Yes Yes Yes Yes
Ai Yes Yes Yes Yes
o Yes Yes Yes Yes

Note: *, **, and *** are significant at the level of 10%, 5%, and 1%, respectively. Standard errors are reported in brackets.
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FIGURE 3

Moran | index of CO, emission intensity and its variation in different provinces.

China are not. As previously analyzed, this is due to the
increased saturation of FDI in eastern China and the
industries it flows into. The higher saturation of FDI and
the capture of FDI by low-end manufacturing makes the
spillover effect of FDI in the eastern China weaker as well as
not releasing quality resources of eastern China. As can be
observed from columns (4) and (8) of Table 8, the industrial
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structure dominated by the secondary sector enhances the
regional carbon intensity, and the increase in the capital
stock per capita helps to reduce the carbon intensity. The
regression results in Table 8 show that the quality
characteristics of FDI reduce the level of carbon emission
intensity by optimizing the structural effect of industrial
structure and factor endowment.

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.998915

Ma et al. 10.3389/fenvs.2022.998915
Moran scatterplot (Moran's | = 0.0800 and P-value = 0.0100) Moran scatterplot (Moran's | = 0.1005 and P-value = 0.0020)
InCEI2005 InCEI2008
@ o
o o ° o
£o ° o8] so2e o Yo M, S N
—- ) . o 0
o o o [=1+] ° < °o® © o [}
og p &,
-2 1 Q 1 2 3 2 -1 o] 1 2 3
z z
c Moran scatterplot (Moran's | = 0.0963 and P-value = 0.0032) D Moran scatterplot (Moran's | = 0.0826 and P-value = 0.0086)
InCEI2013 InCEI2018
o ° ®
o o o
2o 2® g 1 % g o’ : o e OQ, o] *o .
- 8
] oo, ogo . g o, & %o o
2 1 o 1 2 3 2 K 0 1 2 3
- z
FIGURE 4

Moran | scatter plot of CO, emission intensity in individual years.

4.4 Consider spatial correlation

4.4.1 Spatial correlation test

Due to the proximity of geographical locations, environmental
pollution issues are frequently spatially correlated, and disregarding
the spatial correlation of carbon emissions may bias the regression
results. As depicted in Figure 3, the spatial correlation of Moran I for
CO, emission intensity of 30 provinces from 2005 to 2019 is tested.
The index ranges between 0.08 and 0.11, and all values surpass the
1% significance threshold, indicating that spatial correlation should
be considered.

Further, data from the years 2005, 2008, 2013, and 2018 were
chosen to generate Moran I scatter plots illustrating the regional
association of carbon emissions intensity. As seen in Figure 4, the
majority of provinces, with the exception of a few, are in
quadrants one and three, exhibiting the typical characteristics
of high value aggregation and low value aggregation, indicating
that the 30 provinces have a high positive correlation in carbon
emission intensity, and further demonstrating the necessity to
consider the spatial correlation of carbon emission intensity.

4.4.2 Estimation results of SDM
In Section 3, the spatial panel is set up as a spatial Durbin
model (SDM). To justify the setting of the baseline econometric

Frontiers in Environmental Science

13

model, here, the LM, LR and Wald tests are conducted on the
spatial model, and the results all prove the reasonableness of
SDM setting (The test results are shown in Supplementary Table
S3 in the Appendix A).

Columns (1)-(6) in Table 9 detail the SDM regression results
for the effects of FDI quality characteristics, technology level,
investment intensity, export capacity, profitability, and
management capacity on carbon emission intensity. The
spatially lagged terms are all significant at the 1% level,
demonstrating that carbon emission intensity is very spatially
dependent and that an increase in carbon emission intensity in
nearby regions will lead to an increase in local carbon emission
levels. Therefore, it is difficult to achieve the goal of regional
emission reduction by relying on separate governance. Regionally
coordinated methods of joint prevention and control should be
implemented to prevent the transmission of carbon emissions in
close proximity. The impact of FDI quality characteristics on
carbon emission intensity is consistent with the previous
regression results, demonstrating once again the robustness of
baseline regression findings.

The spatial Durbin models above all use fixed effects
models to mitigate omitted variable bias. The robustness
tests of the spatial Durbin model also incorporate a one-

period lag for all independent variables to mitigate the
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TABLE 9 SDM regression results.

(1)Quality_sdm (2) Tech_sdm

Spatial (rho) 0.399%% 0.469*%* 0.484¢
(0.108) (0.128) (0.122)
Quality —0.169**
(0.0699)
Tech 0.0398
(0.0410)
Lnscale 0.0268
(0.0312)
Export
Profit
Gover
Wx
Quality ~0.469*
(0.270)
Tech -0.0771
(0.0636)
Lnscale -0.0266
(0.0437)
Export
Profit
Gover
Controls Yes Yes Yes
N 450 450 450
R? 0.693 0.674 0.692

(3) Scale_sdm

10.3389/fenvs.2022.998915

(4)Export_sdm (5) Profit_sdm (6) Gover_sdm

0.386*** 0.475%** 0.530%**
(0.134) (0.124) (0.107)
—0.241***
(0.0861)
0.00726**
(0.00357)
0.0662***
(0.0146)
-0.898
(0.596)
0.000987
(0.00583)
-0.0156
(0.0629)
Yes Yes Yes
450 450 450
0.736 0.691 0.693

Note: *, **, and ** are significant at the level of 10%, 5%, and 1%, respectively. The standard error of robustness is reported in brackets.

reverse causality issue. The direction and significance level of
the effects on carbon intensity are unaltered for both the core
explanatory variables and the control variables. In addition,
we test the robustness of the spatial Durbin model in terms of
replacing the spatial weight matrix and the main control
variables. In the regression of the spatial Durbin model
described the
constructed based on the latitude and longitude of each

above, spatial weight matrix (w;) is
provincial capital city to calculate the location of the city
centre, which is generally a production agglomeration area
and varies in its location in each province. On the basis of
latitude and longitude data, we also create the spatial weight

matrix (w,) for the robustness check in order to calculate the
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central location of the province. In addition, the control
variables introduce interaction terms between formal and
the of
and the robustness test results are not

informal environmental regulation and level
marketisation,
significantly different from Table 9. The results of the
robustness tests for the spatial Durbin model are detailed

in Supplementary Table S4-6 in the Appendix. A.

5 Conclusion and policy implications

We select the balanced panel data of 30 provinces, municipalities
and autonomous regions in China from 2005 to 2019 to empirically
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test the impact of FDI quality characteristics on regional carbon
emission intensity. Regressions, whether using a panel model or a
spatial Durbin model that takes spatial correlation into account, show
that FDI quality characteristics contribute to a reduction in regional
carbon emissions intensity. This result remains robust after using
instrumental variables to mitigate potential endogeneity issues. The
five qualitative characteristics of FDI have a heterogeneous impact on
carbon intensity, and the “pollution heaven hypothesis” and
“pollution halo hypothesis” do either/or
relationship. The export capability of FDI adds significantly to the
carbon reduction effect, whereas the profitability and management

not show an

capacity of FDI raise the carbon intensity. The regional heterogeneity
analysis reveals that the quality characteristics of FDI in eastern China
increased the carbon emission intensity, whereas in central and
western China the converse is true. Further study revealed that the
export capacity and investment intensity of FDI in eastern China
increased the intensity of carbon emissions, which was mostly
attributable to the saturation of FDI, the export structure of firms,
and the industries into which FDI flows. The influence of FDI quality
characteristics on carbon emission reduction in central and western
China is primarily attributable to FDI export capacity. FDI's
profitability and management level boost carbon emission
intensity. Further verify the impact mechanism of FDI quality
characteristics on carbon emission intensity, and find that FDI
quality characteristics mainly reduce the level of regional carbon
emission intensity by enhancing green technological progress and
optimizing industrial structure and factor endowment structure, but
the composition effect of FDI quality characteristics on carbon
emission reduction is only significant in central and western China.

In response to these findings, this study has some policy
implications for the area of carbon emission reduction. On the
one hand, high-quality FDI has obvious carbon emission
reduction characteristics, so local governments should prioritize
the introduction of high-quality FDI while avoiding blind pursuit
of FDTI’s high profitability and capital operation capability. On the
other hand, the Chinese government should continue to improve the
level of openness in central and western China and reasonably guide
FD], particularly export-oriented FDI, to central and western China in
order to effectively solve overcapacity in central and western regions
and release high-quality resources in eastern regions. In conclusion,
the principal routes for high-quality FDI to reduce carbon emissions
are the development of clean technologies and structural
optimization. Therefore, FDI should be directed toward industries
with lower pollution emission intensity, such as the service industry,
the and the high-end
manufacturing industry, to optimize the industrial layout of FDI

information  technology industry,
and promote clean technology advancement.
Despite these promising results, the limitations of present
study still need to be considered. First, the sample for this paper
consists of provincial-level data, which is a relatively small
sample size. Second, the evaluation of FDI quality focuses
mostly on industrial industries, ignoring the quality of FDI in
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service industries and other sectors. Future studies should enlarge
the sample size and examine the quality of FDI in more aspects.
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