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Abstract: Many researchers have studied the relationships among heterogeneous foreign direct
investment (FDI), environmental regulation, and green total factor productivity. However, no research
has been done on how different types of FDI can result in green technology spillover under different
levels of environmental regulation intensity. To address this research gap, in this paper, we build a
static linear panel model, a static panel threshold model, and a dynamic panel threshold model to
investigate the environmental regulatory threshold effect of labor-based FDI and capital-based FDI in
terms of their green technology spillover. Based on the measurement of green total factor productivity
(GTFP) of 36 industry sectors in China from 2003 to 2015, we first compare the threshold effects of
environmental regulation on green technology spillover between labor-based FDI and capital-based
FDI with a static linear model and a static threshold model. The results show that environmental
regulation is unable to significantly promote the green technology spillover of labor-based FDI.
However, intensifying environmental regulation can reduce the negative impact of labor-based FDI
on GTFP. The effect of environmental regulation on green technology spillover of capital-based FDI is
more complex. In the static linear model, environmental regulation can significantly promote the green
technology spillover of capital-based FDI. In the static threshold model, the green technology spillover
of capital-based FDI exists only when the environmental regulation intensity is sufficiently low or
sufficiently high. Finally, the dynamic threshold model is adopted for robustness check. The results
show when the environmental regulation intensity is higher than a threshold, both types of FDI can
indeed result in green technology spillover. In short, our results prove that to ensure that FDI results
in green technology spillover, it is necessary to continue to strengthen environmental regulation.

Keywords: heterogeneous FDI; green technology spillover; green total factor productivity;
environmental regulation intensity; threshold effect

1. Introduction

FDI has become an important thrust for the economic development of many developing countries [1,2].
For example, China’s FDI rode from 430 million dollars (0.21% of GDP) in 1982 to 144 billion dollars (12%
of GDP) in 2017. However, with the influx of foreign capital, the ecological environment may deteriorate.
Considering the relatively relaxed environmental regulations in many developing countries, developing
countries can become the ‘pollution haven’ of multinational corporations. The reason is as follows.
According to the theory of resource endowment, because of the comparative advantage of rich human
capital and relatively loose environmental control in developing countries, multinational corporations
will transfer pollution intensive production to developing countries [3–5]. Although this transfer
can boost the productivity of a host country, it also causes serious environmental pollution [1,6–8].
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Moreover, in order to attract foreign investment, developing countries or regions may take the initiative
to reduce environmental regulation standards, namely “race to bottom” [9,10]. As a result, developing
countries would gradually become a “pollution haven” of developed countries [11–13].

However, some scholars argue that when multinationals enter developing countries with
lower environmental standards, they bring production standards and technologies that are more
environmentally friendly than those available from the host country’s enterprises [14]. Through the
“demonstration effect”, it has a positive impact on the environmental protection of the host country.
This is the “pollution halo hypothesis” [15].

The above two conflicting views indicate that FDI’s technology spillovers to the host country
may improve or damage the environmental of a host developing country. Hu et al. [3], Cai and Lu
et al. [13], and Tang [16] respectively focus on foreign capital characteristics of source, motivation,
and factor dependence. Some scholars have studied the impact of environmental regulation on FDI.
They argue that strict environmental regulation can not only hinder the entry of FDI resulting in heavy
pollution [4,13], but also promote FDI resulting in green technology spillover [3]. However, a few
empirical studies have shown that strengthening environmental regulation can increase the burden on
enterprises and cause productivity losses [17]. In particular, Johnstone et al. [18], Wang and Shen [19],
and Xie et al. [20] argue that the intensity of environmental regulation should not be too high. If the
intensity exceeds the maximum level that enterprises or industries can bear, it will cause damage to
competitiveness. Hence, there has a reasonable range of environmental regulation intensity. However,
most studies focus on the impact of environmental regulation intensity on productivity. There is a lack
of research on the impact of environmental regulation intensity on FDI’s possible technology spillover
effect. In this paper, we make a major contribution by filling this research gap. Specifically, we aim to
answer the following questions: is there an optimal range of environmental regulation intensity for
FDI to result in green technology spillover? Considering the heterogeneity of FDI, how should the
environmental regulation intensity be set? By answering these questions, we show FDI can improve
or damage the host country’s ecological environment. Furthermore, our research results can provide
reference for developing countries to design appropriate environmental policies so that FDI can result
in green technology spillover.

Compared with the existing literature, the possible marginal contributions of this paper can be
summarized as follows: (1) Many existing studies focus on the relationship between environmental
regulation, FDI, and GTFP, but lack the impact of changes in environmental regulation intensity on
FDI green technology spillover effect. This paper uses the interaction term between environmental
regulation and FDI to clarify that environmental regulation has a moderating effect on FDI green
technology spillover effect. Furthermore, the static and dynamic panel threshold models are used to
determine the environmental regulation intensity that induces FDI to play a positive role in green
technology spillover. (2) Although many studies have recognized that different types of FDI have
different technology spillover effects, the research on the impact of environmental regulation intensity
on green technology spillover effects of heterogeneous FDI still needs to be supplemented. According
to the dependence of FDI on labor and capital share in the host industry, this paper divides FDI into
labor-based FDI and capital-based FDI, and then determines the optimal environmental regulation
intensity to induce two types of FDI to exert positive green technology spillover effects through panel
threshold model.

The rest of the paper is structured as follows. Section 2 provides a literature review. Section 3
proposes the empirical model. Section 4 describes the data and variables. Section 5 details the empirical
results and analysis. Finally, Section 6 summarizes the conclusions of this paper.

2. Literature Review

Many studies have that FDI is heterogeneous, so the effect of FDI on a host country’s economy
and environment can be significantly different. For example, China’s foreign investors are from
firms in Hong Kong, Macao, and Taiwan (HMT), or in other countries (mainly the OECE countries).
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Compared with the non-HMT firms, the HMT firms tend to be more labor intensive and produce closer
substitutes to products of Chinese domestic firms. They can squeeze the domestic firms out of the
market, which may not improve productivity [21]. Furthermore, many HTM firms are attracted by
the weak environmental standards [22]. Therefore, FDI from HMT firms can have a negative impact
on the environment [13]. Markusen and Venables [23] divide FDI into vertical FDI and horizontal
FDI. They suggest that the motivation for horizontal FDI to enter developing countries is mainly to
occupy the host country’s local market, while vertical FDI is mainly to take advantage of the cheaper
production factors (labor and resources) of the host country to produce products for export to foreign
markets. Tang [16] further study the impact of vertical FDI and horizontal FDI on the host country’s
environment and find that vertical FDI has a greater negative impact on the environmental quality of
the host country than horizontal FDI. Hu et al. [3] divide FDI into labor-based FDI and capital-based
FDI based on the dependence of FDI on labor and capital share in the host industry. In addition,
some scholars have classified FDI in China into Sino–foreign joint ventures and wholly foreign-owned
enterprises based on the ownership structure. They show that foreign-owned enterprises have stronger
technology spillover effects [24,25].

With the increase of environmental regulation barriers around the world, more and more
scholars have studied the impact of environmental regulation on FDI. According to Broner et al. [26],
environmental regulations are subprime trade barriers and a source of comparative advantage for a
country. Therefore, changes in environmental regulation will impact on FDI’s entry and exit [4,27].
However, there is no definitive evidence in the literature that a host country’s strengthening of
environmental regulation will result in losing its comparative advantage [28] and hindering the entry
of foreign companies [29], which in turn leads to productivity decline [17]. On the contrary, tightening
environmental regulation in developing countries not only squeeze out polluting FDI firms [13],
but also promote the inflow of environmentally-friendly FDI firms [30,31]. Therefore, FDI with
different characteristics has different responses to environmental regulation. Tang [16] argues that
export-oriented FDI is more sensitive to local environmental regulations than local market-oriented
FDI, because the level of environmental regulation in the host country will only significantly increase
the relative cost of the former. In addition, Hu et al. [3] also find that with the strengthening of
environmental regulation, FDI that initially damaged the host country’s ecological environment
may change and improve the environment. Other relevant studies also show that the rationality
of environmental regulation is an important prerequisite for achieving a ‘win-win’ outcome for the
economy and the environment [32]. Johnstone et al. [18], Wang and Shen [19], Xie and Yuan et al. [20]
study the relationships between environmental regulation and productivity. They argue that the
intensity of environmental regulation should be set within a reasonable interval. If the intensity
exceeds the maximum limit that the industry or firms can bear, it will have a negative impact on
productivity. However, these studies focus on the direct impact of environmental regulation intensity
on productivity without considering the impact of environmental regulation intensity on the possible
green technology spillover of heterogeneous FDI types. Although Hu et al. [3] consider the green
technology spillover effect of FDI under low and high levels of environmental regulation intensity,
the study employs the median to classify the intensity of environmental regulation, which is subjective.

Studies have been done to regress FDI total factor productivity on the technology spillover
effect of FDI on host countries [21,33]. However, this paper differs by considering the unexpected
output when calculating the green total factor productivity. In terms of measuring green total
factor productivity, researchers commonly use the non-radial slacks-based measure (SBM) function
and Malmquist–Luenberger (ML) productivity index. There are two potential shortcomings in the
traditional ML index. First, the total factor productivity measured by the ML index does not have
a multiplicative property. Only the short-term fluctuation analysis of production efficiency in the
adjacent period can be performed, but the long-term growth trend of production efficiency cannot be
observed, which may result in the emergence of ‘technical regression’, which is obviously unrealistic.
Second, the mixed direction of SBM function, reduced output, and reduced output of undesired
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output may lead to no feasible solution. On the other hand, the Global Malmquist–Luenberger (GML)
index is based on a set of production possibilities over the full-time horizon of all decision-making
units. As a result, the GML index can avoid the drawbacks of no feasible solutions. Furthermore,
the continuous production frontier can also avoid the phenomenon of “technical regression” [34].
In empirical applications, Wang and Shen [19] adopt the GML index to measure China’s industrial
green productivity from 2000 to 2012 based on the static threshold model. They examine the nonlinear
relationship between environmental regulation intensity and green total factor productivity and show
that there are three thresholds for the impact of environmental regulation on green productivity.

However, in the literature, research is still lacking on the technology spillover effect of
heterogeneous FDI under different levels of environmental regulation intensity. In view of this,
this paper chooses chemical oxygen demand, ammonia nitrogen, and SO2 and smoke (powder) dust
emissions as unexpected output, and employs the SBM function and GML index to calculate the green
total factor productivity. Furthermore, this paper combines static linear panel model, static panel
threshold model and dynamic panel threshold model and explores the environmental regulatory
threshold effect of heterogeneous FDI green technology spillover.

3. Methods

3.1. Theoretical Model

This paper draws on the knowledge spillover model of Bretschger et al. [35] and Aldieri et al. [36]
and consider only two different types of firms in the market, namely foreign firms (f ) and domestic
firms (l). The level of foreign technology is higher than that of domestic firms. The basic production
function is

Y = Y
(
Y f , Yl, ER

)
(1)

where Y is the total output, Y f is the output of FDI firms, and Yl is the output of local firms. Assume
that FDI firms and local firms produce goods in the same capital and labor assemble and the difference
between the two is only at the technical level. Therefore, Equation (1) can be transformed to

Y = A
(
A f , Al, ER

)
F(K, L) (2)

where A f is the technical level of the FDI firms, Al is the technical level of the local firms of the host
country, and F(K, L) is the production function of the specific factor combination. According to the
definition of total factor productivity, Equation (2) can be transformed into

GML = A
(
A f , Al, ER

)
(3)

where GML is the global total factor productivity considering unexpected outputs. The technical level
of the local firms in the host country is mainly determined by the technical level of the FDI firms.
The technical level of the FDI firms mainly comes from research and development and the technology
spillover of the domestic firms. Thus,

Al = Al
(
A f

)
(4)

A f = A f

(
B f ; BS

f

)
(5)

where B f is the self-owned technology of FDI firms and Bs
f is affected by the technology spillover effect

of the parent company.
B f = B f (χ) (6)

Bs
f = Bs

f (χ
s) (7)
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where χ is the ability to transform the results of independent research and development, and χs is the
learning ability, which is determined as

χ =
n∑

i=1

aixi (8)

χs =
ns∑

j=1

a jxs
j (9)

where xi is the research and development investment of the ith industry, ai is the conversion coefficient
of research and development, xs

j is the positive externality of the R&D investment in the ith industry,
and a j is the conversion coefficient. Based on Equations (3)–(9), we can have

dGML = ∂A
∂ER dER + ∂A

∂A f

{
∂A f
∂B f

∂B f
∂χ

[∑n
i=1 aidxi

]
+

∂A f
∂Bs

f

∂Bs
f

∂χ

[∑n
i=1 aidxs

j

]
∂A
∂Al

∂Al
∂A f

{
∂A f
∂B f

∂B f
∂χ

[
n∑

i=1
aidxi

]
+

∂A f
∂Bs

f

∂Bs
f

∂χ

[
n∑

i=1
aidxs

j

] (10)

It can be seen from Equation (10) that the green total factor productivity (dGML) is affected by
environmental regulation (dER), R&D investment (dxi), and foreign technology spillover (dxs

j).

3.2. Econometric Model

Based on theoretical model above, we can obtain the empirical model of this paper as

lnGMLi,t = α0 + α1lnFDIi,t + ln ERi,t + βControli,t + µi + εi,t (11)

where lnFDIi,t stands for labor-based FDI (lnFDIli,t) and capital-based FDI (lnFDIki,t), respectively;
Controli,t is the control independent variable group, including R&D intensity (lnRDi,t), foreign trade
openness (lnExouti,t), per capita capital stock (lnCONSi,t), and energy production efficiency (lnEPi,t);
µi is the industry individual fixed effect that does not change with time; and εi,t is a random
disturbance term. In Equation (11), the natural logarithm processing of the variables is taken, so that
the heteroscedasticity can be effectively avoided. In addition, according to Greaney et al. [27] and
Zugravu-Soilita [30], there is an interactive interaction between FDI and environmental regulation.
Specifically, the inflow of FDI can drive a host country to strengthen its environmental regulation.
This can in turn raise the environmental regulation threshold for FDI screening. To test the impact of
the interaction between FDI and environmental regulation on green total factor productivity, we add
the lnFDIi,t × ln ERi,t interaction term and the have the model

lnGMLi,t = α0+α1lnFDIi,t + α2 ln ERi,t + α3lnFDIi,t × ln ERit + βControli,t+µi+εi,t (12)

However, it is still impossible to examine what level of environmental regulation intensity can
promote FDI to bring green technology spillover to the host country. To solve this problem, we adopt
the panel threshold model proposed by Hansen [37] to empirically test whether the green spillover
effect of FDI is affected by environmental regulation intensity. We have the model

lnGMLi,t= α1lnFDIi,tI(lnER i,t ≤ θ1) + α2lnFDIi,tI(θ 1< lnERi,t ≤ θ2)+ . . .
+αnlnFDIi,tI(θn−1< lnERi,t ≤ θn)+αn+1lnFDIi,tI(lnER i,t> θ1) + βControli,t+µi+εi,t

(13)

where θ1, θ2, . . . θn are n different levels of threshold. The introduction and estimation methods of
the panel threshold model have been detailed in the literature such as Xie et al. [20] and Hansen [37].
Finally, to ensure the robustness of our empirical results and avoid the endogeneity issue, we add the
hysteresis term lnGMLi,t−1 of the green total factor productivity and estimate the model by the GMM
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method. In this way, the static panel threshold model is extended to the dynamic panel threshold
model as

lnGMLi,t= lnGMLi,t−1 + α1lnFDIi,tI(lnER i,t ≤ θ1) + α2lnFDIitI(θ 1< lnERi,t ≤ θ2)+ . . .
+αnlnFDIi,tI(θn−1< lnERi,t ≤ θn) + αn+1lnFDIi,tI(lnER i,t> θ1) + βControli,t+µi+εi,t

(14)

4. Data and Variables

4.1. Data and Processing

This paper uses China Industrial Economy Statistical Yearbook, China Energy Statistical Yearbook
and China Environment Statistical Yearbook to quantify the relevant indicators. In view of the
inconsistency of certain categories of industries before and after 2012 and the absence of some data,
this paper also processes the data as follows.

According to the classification method of the National Bureau of Statistics proposed in 2011, China’s
industry included 41 sectors after 2012. The following changes occurred: mining auxiliary activities are
spun off from the oil and gas mining industry become a separate industry. The rubber products and
plastic products industries are merged into the rubber and clinker products industry. Transportation
equipment manufacturing industry is split into automotive manufacturing and railway shipping,
aviation, and other transportation equipment manufacturing. The metal equipment machinery and
equipment repair industry are stripped from the manufacturing industry that used metals as raw
materials to become an industry alone.

To maintain data authenticity, this paper categorized and divided the subdivided classes of some
industrial sectors. First, the rubber product industry and plastic product industry before 2012 are
merged into the rubber and clinker products industry. Second, the reorganization of mining assistance
activities and oil and gas exploration industries after 2012 into the oil and gas industry, the automobile
industry and railway, ship, and other transportation equipment are merged into the transportation
equipment industry, and the metal product machinery and equipment repair industry are divided
and re-integrated into the industry using metal as raw materials according to the proportion of the
indicators of the year. Finally, due to the relatively small sizes of other mining, other manufacturing,
and waste product recycling industries, these three are merged into other industries. In the end,
the panel data of 36 industrial sectors from 2003 to 2015 are obtained. Furthermore, due to the lack of
employment in the industrial sector segmentation in 2012, this article adopts a linear fitting method to
fill in the missing data.

4.2. Variables Selection and Definition

4.2.1. Green Total Factor Productivity

In this paper, we consider the SBM directional distance function of unanticipated outputs according
to the definition proposed in Fukuyama and Weber [38]. We combine the Global Malmquist–Luenberger
(GML) index proposed by Oh [34] to measure the green total factor productivity of 36 sectors of Chinese
industry from 2003 to 2015. The specific calculation method can be found in Wang and Shen [19].
Before measuring the green total factor productivity in various sectors, it is also necessary to construct
variables related to expected output, unanticipated output, and factor input.

As for expected output, since the total industrial output value is no longer published after 2012,
this paper follows Zhao et al. [39] and selects the industrial sales value that is close to the industrial
output value to obtain the expected output and converts it at a constant price in 1990. As for unexpected
output, considering that China’s industrial pollution control costs only include wastewater treatment
costs and waste gas treatment costs, this paper selects chemical oxygen demand, ammonia nitrogen,
SO2, and smoke (powder) dust emissions as unanticipated outputs. As for factor input, considering the
availability and quality of data, this paper uses the method proposed in Hu and Wang [3] to calculate
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the current capital stock of each industry. As for labor capital investment, due to the inability to obtain
labor time in various industries, this paper uses the average number of employees in various industries
in the “China Industrial Statistical Yearbook” instead of human capital investment. As for energy
input, this paper uses the total energy consumption of various industries as an energy input indicator.

4.2.2. Core Independent Variables

(1) Environmental Regulation (ER)

In 2018, China began to impose an environmental tax on enterprises. However, prior to this,
there was no standard for measuring the intensity of environmental regulation. Scholars measure
environmental regulation intensity using a variety of methods such as the number of environmental
regulations [40], the ratio of pollution control costs to industrial output or operating income [19,41],
the pollution control investment in total cost or production value [42], and the pollution emission
density [28]. Considering wastewater (COD, ammonia nitrogen) and exhaust gas (SO2, smoke/dust)
are the unexpected output when measuring the total factor productivity, this paper calculates the
weighted average sum of the wastewater and waste gas treatment costs of various sectors. The weight
of each is the proportion of the input of wastewater or exhaust gas treatment facilities.

(2) Foreign Direct Investment (FDI)

The impact of different types of FDI on the economy and the environment of a host country can
be quite different. This means that FDI cannot be measured only by comprehensive indicators such as
the scale of investment and the number of new foreign-funded enterprises [5]. To classify FDI, scholars
have proposed different methods. Lin et al. [21] divided FDI into foreign investment from Hong Kong,
Macau, and Taiwan, and foreign investment other regions and countries. Javorcik and Spatareanu [33]
classify FDI as from the European Union or from the United States. Beugelsdij et al. [43] use FDI from
different foreign-invested enterprises in different markets to measure the FDI of different entry motives.
The horizontal FDI is measured by the sales share of the foreign-funded enterprises in the Chinese
market, and the vertical FDI is measured by the export sales of the foreign-funded enterprises. In Cai
et al. [13], FDI is divided into two categories: countries with high or low environmental regulation
barriers. However, most studies focus on the national or enterprise level, but not at the industry level.
Furthermore, industries are commonly categorized into labor-intensive industries and capital-intensive
industries. Hence, FDI can be categorized into labor-based FDI (FDIl) and capital-based FDI (FDIk).

4.2.3. Control Variables

We employ a few control variables. The first is R&D intensity (RD). In general, more R&D
investment is more conducive to technological progress, and thus the productivity is higher [44].
Wang and Shen [19] measures the R&D intensity of each industry by the ratio of R&D expenditures to
fixed asset investment in various industries. The second control variable is the exemption of foreign trade
(Exout). Developing countries often produce and export pollution-intensive products to developed
countries. Hence, in the long run, their product structures may be locked in pollution-type [4,5,28].
This paper draws on the method in Rubashkina et al. [45] to measure the index of foreign trade
openness by the ratio of the export value of industrial industry to the sales value of industrial industry.
The third is energy production efficiency (EP). Some industries may consume a large amount of
resources, some of them often non-renewable. Energy productivity is a direct reflection of the energy
consumption and pollution emission characteristics of various industries. This paper adopts the
method of Wang and Shen [19], which is expressed by the ratio of the sales value of each industry to
the total energy consumption. The fourth control variable is per capita capital stock (CONS). The per
capita capital stock is composed of input factors of various industries to reflect the height of each
industry. This paper adopts the method in Hu and Wang et al. [3] and Wang and Shen [19] to use the
ratio of net fixed assets to average number of employees to measure the per capita capital stock of each
industry. The variables and their definitions are summarized in Table 1.
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Table 1. Variables and definitions.

Variable Name Definition

GML
Expected output Industrial sales value based on 1990

Unexpected output Chemical oxygen demand, ammonia nitrogen, SO2,
smoke (powder) dust emissions

Factor input Capital stock, employment, and energy consumption

Core independent
variable

Environmental regulation (ER) Weighted average sum of wastewater and waste gas
treatment costs in various sectors

Foreign direct investment (FDI) Labor-based FDI(FDIl)and capital-based FDI(FDIk)

Control variable

R&D intensity (RD) Ratio of R&D expenditure to fixed asset investment

Trade openness (Exout) Ratio of export value of industrial industry to sales value
of industrial industry

Energy production efficiency (EP) Ratio of total industrial output value to total industrial
energy consumption

Per capita capital stock (CONS) Ratio of net fixed assets to average number of employees

5. Results and Discussion

5.1. Benchmark Regression Analysis

Table 2 is the regression results of the benchmark linear model. Model (1a) and model (2a) are
the effects of labor-based FDI and capital-based FDI on green total factor productivity, respectively.
Model (3a) and model (4a) are the regression results after incorporating the environmental regulation
and FDI interaction items. In order to ensure the robustness of the regression results, this paper clusters
the industry code (Cluster) and uses Robust to adjust the standard error.

Table 2. Estimation results of the static panel linear model.

Variable
Labor-Based FDI Capital-Based FDI Labor-Based FDI Capital-Based FDI

(1a) (2a) (3a) (4a)

lnFDI −0.0429 ** −0.028 −0.0652 ** −0.0482 *
(−3.01) (−1.54) (−2.43) (−1.88)

lnFDI*lnER 0.0104 0.00995 *
(1.43) (1.77)

lnER 0.00604 0.00637 0.0249 * 0.0252 **
(0.59) (0.62) (2.02) (2.17)

lnRD 0.0257 * 0.0186 0.0275 * 0.0225
(1.83) (1.15) (1.95) (1.38)

lnExout −0.0305 ** −0.0267 ** −0.0238 * −0.0192
(−2.75) (−2.90) (−1.93) (−1.67)

lnCONS −0.0814 *** −0.0779 *** −0.0786 *** −0.0756 ***
(−5.88) (−5.78) (−5.55) (−5.42)

lnEP 0.0577 *** 0.0482 *** 0.0563 *** 0.0477 ***
(4.22) (4.30) (3.87) (4.30)

Sample 468 468 468 468
R2 0.095 0.087 0.102 0.094

Note: The value in parentheses is the value of t. Among them: *, **, *** respectively indicate that the parameters are
estimated to pass the statistical significance test at 10%, 5%, and 1%.

In model (1a) and model (2a), the labor-based FDI and capital-based FDI have negative impact
on green total factor productivity. However, only the labor-based FDI spillover is significant at
the 5% significance level. This confirms that the ‘pollution haven’ effect exists for labor-based FDI.
This is because labor-intensive industries have the characteristics of cleaner production Cole and
Elliott [12], and labor-based FDI can bring green technology spillover to a host country by improving
the quality of human capital [30]. However, labor-intensive industries tend to have relatively weak
environmental regulations [19]. It is difficult to stimulate enterprises to carry out technological



Sustainability 2019, 11, 2718 9 of 15

innovation and management innovation, which is not conducive to the improvement of the green
total factor productivity [3]. In comparison, capital-intensive industries may have a high degree of
pollution, which is indicated from the negative regression coefficient of lnCONS. Many scholars argue
that capital-based FDI is attracted by weaker environmental regulations of a host country. However,
Cole and Elliott [12] pointed out that the comparative advantage brought about by factor endowments
can indeed attract capital-based FDI into capital-intensive industries in developing countries. However,
at the same time, the environmental regulation of capital-intensive industries is relatively tighter.
Hence, it also has a restraining the potential pollution from capital-based FDI. Consequently, the impact
of capital-based FDI on the green total elements of a host country can be uncertain.

Interestingly, in the models with the interaction item between FDI and environmental regulation,
model (3a) and model (4a), the interaction between labor-based FDI and environmental regulation and
the interaction between capital-based FDI and environmental regulation are positive. This means that
the relationship between environmental regulation and the positive interaction of FDI exists. However,
only the interaction between capital-based FDI and environmental regulation is significant at the 10%
significance level. It is noteworthy that the coefficients of environmental regulation variables (lnER)
not only become significant in model (3a) and model (4a), but also improve their influence coefficients.
This indicates that imposing strict environmental regulations to FDI can effectively avoid the ‘race to
the bottom’ behavior when attracting foreign investment and induce green technology innovation and
promote green productivity [46].

As for other control variables, R&D investment (lnRD) has a positive impact on industrial green
total factor productivity, but it is only significant in the model of labor-based FDI. A possible reason
is that labor-based FDI does not directly contribute to the green productivity, but rather transfers
technology through training employees in the host country. This thereby enables technology spillovers
through employee turnover [21,47]. Moreover, the coefficient of foreign trade (lnExout) is differs
from that in Rubashkina et al. [45]. This is probably because the green total factor productivity in
this paper considers environmental factors. This also implies that China’s environmental regulation
intensity is still weaker than that of developed countries. This leads to a comparative advantage of
exporting industrial products, which is not conducive to the improvement of the national total factor
productivity. Energy production efficiency (lnEP) shows a significant positive impact in all models,
consistent with Hu et al. [3]. This indicates that energy efficiency is also the driving force to promote
industrial competitiveness.

5.2. Threshold Effect Test

This paper uses the software package MATLAB 2015b to detect the existence of threshold effect.
In order to avoid the interference of extreme values, we ignore the 5% observations before and
after. The threshold estimation is done according to the principle of minimum sum of squares of
residuals. Then the self-sampling simulation likelihood ratio (LR) test statistic and critical value are
used (Bootstrap 500 times) to check if there is a threshold effect. Table 3 shows the threshold estimation
tests and results. It can be seen from Table 3 that the impact of labor-based FDI on green total factor
productivity has a double-threshold effect. Similarly, capital-based FDI also has double threshold for
environmental regulation intensity.

Table 3. Threshold value estimation results in the static panel model.

Threshold
Variable

H0: LINEAR
Model (LR-Test)

H0: SINGLE
Threshold (LR-Test)

H0: Double
Threshold (LR-Test) Threshold 1 Threshold 2 Threshold 3

lnFDIl 34.61 22.32 10.11 2.49 *** 2.70 *** 3.28
lnFDIk 19.73 39.17 10.02 2.49 ** 2.67 *** 3.28

Note: Among them: **, *** respectively indicate that the parameters are estimated to pass the statistical significance
test at 5%, and 1%.
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Table 4 summarizes the regression results of the threshold effect of labor-based FDI on green total
factor productivity. From model (1b), under the low-intensity environment regulation, the impact
coefficient of labor-based FDI on green total factor productivity is negative. In model (2b), capital-based
FDI has a positive impact on green total factor productivity, but it is not significant at the 10% significance
level. This shows that FDI’s green technology spillover effect is affected by the environmental regulation
intensity of the host country in addition to its own factor structure. When the environmental regulation
intensity is medium, both types of FDI have a significant negative impact on green total factor
productivity. It shows that when environmental regulation intensity is medium, it is not only unable to
stimulate FDI to generate the green technology spillover effect, but also may induce foreign capital to
compensate for the cost of production and increase the production of polluting products. This can
further amplify the ‘pollution haven’ effect. However, with high intensity of environmental regulation,
the coefficients of the spillover effects of the two types of FDI become positive. This is because strict
environmental regulation can help adjust the structure of foreign capital, increase the environmental
threshold for foreign investment, and play a ‘screening’ role for FDI.

Table 4. Estimation results from the static panel threshold model.

Variable
Labor-Based FDI Capital-Based FDI

(1b) (2b)

Regime 1 −0.0026 0.0136
(−0.282) (1.55)

Regime 2 −0.1023 *** −0.1369 ***
(−9.185) (−10.18)

Regime 3 0.0119 0.025 **
(1.14) (2.4)

Sample 468 468
R2 0.0748 0.0922

Note: The value in parentheses is the value of t. Among them: ** and *** respectively indicate that the parameters
are estimated to pass the statistical significance test at 5% and 1%.

It is worth noting that with high-intensity environmental regulation, only the coefficient of
capital-based FDI is significant, consistent with Hu et al. [3]. Although labor-based FDI can lead to
cleaner production, its inflow into China is mainly for cheaper labor capital. Most of the industries
invested are in the supply chain stages with less value-adding activities. This is unfavorable to the
green total factor productivity. With tighter environmental regulation, to reduce pollution, labor-based
FDI needs to divert the elements (labor, capital, etc.) originally used for productive activities to
non-productive activities [48]. This can help the adoption of green technologies in enterprises [49].
However, due to the required investment cost of environmental protection equipment and possible
mismatch between the existing production materials with the new production equipment, it can
eventually lower productivity [17]. On the other hand, capital-based FDI is mainly involved in the host
country in the form of capital, aiming for a high return on capital. In the process of industrialization in
developing countries, there is often a shortage of funds. This can lead to the inability of capital-intensive
industries to purchase machinery with high environmental performance. The inflow of capital-based
FDI not only provides the funds for equipment upgrading, but also promotes the technological level
of domestic enterprises in the host country through ‘demonstration effect’ and ‘learning effect’ [50].
The coefficients of other control variables are also similar to the estimates in the linear model.

5.3. Robust Regress

In order to ensure our empirical results obtained so far are robust, this paper expands the static
panel threshold model into a dynamic panel threshold model as detailed in Caner and Hansen [51]
and Kremer et al. [52]. However, unlike Kremer et al. [52], this paper combines the modeling method
of Hansen [37] to further expand the “single-threshold and dual-regime” model into a model that
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can estimate “multi-threshold and multi-regime” model. In this way, it is possible to more accurately
detect the impact of environmental regulation intensity on the green technology spillover effect of FDI.
The dynamic panel threshold value estimation and test results are shown in Table 5.

Table 5. Threshold value estimation results from the dynamic panel model.

Threshold
Variable

H0: Linear
Model

(LR-Test)

H0: Single
Threshold
(LR-Test)

H0: Double
Threshold
(LR-Test)

Threshold
Value 1

Threshold
Value 2

Threshold
Value 3

lnFDIl 19.27 26.38 15.10 2.52 *** 2.73 *** 3.28 *
lnFDIk 15.44 12.46 24.68 0.05 ** 0.96 * 3.28 ***

Note: Among them: *, **, *** respectively indicate that the parameters are estimated to pass the statistical significance
test at 10%, 5%, and 1%.

According to the LR-test results based on the Bootstrap 500 times, there is a triple environmental
regulation threshold effect whether the lnFDI1 or lnFDIk is the threshold variable, and the threshold of
lnFDIl is very close to that in the static panel threshold model. This proves that the threshold estimate
of lnFDIl is robust. However, the first two thresholds of lnFDIk are much smaller than the previous
threshold. This may mean that the estimation result of lnFDIk in the static panel threshold model is
not robust.

Table 6 shows the estimation results of the dynamic panel threshold model. The model (1c) and
the model (2c) correspond to the estimation results of the labor-based FDI and the capital-based FDI
as the threshold variable, respectively. Due to space limit, only the GMM estimation results of the
lnGMLt−1 and threshold variables are listed in the table.

Table 6. Estimation results from the dynamic panel threshold model.

Variable
Labor-Based FDI Capital-Based FDI

(1c) (2c)

lnGMLt−1 −1.7009 * −1.389 *
(−2.13) (−1.85)

Regime 1 −0.0141 −0.1013 ***
(−1.42) (−7.45)

Regime 2 −0.0916 *** 0.0009
(−6.80) (0.12)

Regime 3 −0.0204 * −0.0558 ***
(−1.88) (−4.35)

Regime 4 0.0614 *** 0.0465 ***
(3.72) (3.27)

Sample 468 468
Hansen J Statistic 1.32 1.66

R2 0.1008 0.0916

Note: The value in parentheses is the value of t. Among them: * and *** respectively indicate that the parameters are
estimated to pass the statistical significance test at 10% and 1%.

From model (1c) and model (2c), the coefficients of lnGMLt−1 are negative and significant at
the 10% significance level, indicating that the green total factor productivity of the previous period
has a negative impact on the current green total factor productivity. This is because technology
has positive externalities and ‘quasi-public goods’ nature. Once invented, it is difficult to prevent
other manufacturers from adopting this new technology [53], although green technology spillover
benefits the overall pollution reduction of the industry. The associated ‘free-riding’ behavior can
reduce the incentives for original green technology innovation. In terms of the coefficient of threshold
value, the environmental regulation threshold effect of labor-based FDI and capital-based FDI green
technology spillovers will exceed the third threshold (3.28). This is larger than that in the static panel
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threshold. This implies to induce FDI’s green technology spillover, environmental regulation should
be intensified. Finally, in the dynamic panel threshold model, the saliency of the coefficients of the
individual control variables is different from that of the static model. This again confirms that the
empirical results obtained in this paper are robust.

6. Conclusions

Many scholars have conducted in-depth studies on the relationships among heterogeneous FDI,
environmental regulation, and green total factor productivity. However, there is no research on how
heterogeneous types of FDI can generate technology spillover under different levels of environmental
regulation intensity. To address this research gap, in this paper we use chemical oxygen demand,
ammonia nitrogen, and SO2 and smoke (powder) dust emissions as unexpected output. We use SBM
function and Global Malmquist–Luenberger (GML) index to calculate the green total factor productivity.
Furthermore, combining static linear panel model, static panel threshold model and dynamic panel
threshold model, we investigate the environmental regulatory threshold effect of labor-based FDI
and capital-based FDI in terms of their green technology spillover. Our major findings include the
following. Based on the static linear model, environmental regulation has significant and positive
relationship with the green technology spillover of capital-based FDI. However, no such significant
relationship is found for labor-based FDI. Based on the static threshold model, FDI’s green technology
spillover has double thresholds in terms of environmental regulation intensity. When the intensity
is lower than a threshold, only capital-based FDI results in green technology spillover. When the
environmental regulation intensity is between the first threshold and a second threshold, the green
technology spillover effects of both types of FDI are significantly negative. When the environmental
regulation intensity exceeds the second threshold, the green technology spillover effects of the two
types of FDI become positive. Nonetheless, only the coefficient of capital-based FDI is significant.
Finally, we employ the dynamic panel model for robustness check of our empirical results. The results
show that to induce the two types of FDI to generate green technology spillover, it is necessary to
continue to increase the environmental regulation intensity to the third threshold. Therefore, whether
FDI can generate the green technology spillover effect and its direction is indeed affected by the host
country’s environmental regulation intensity.

The policy implications of this research are significant. There is a delicate balance between foreign
investment, economic development, and the environment. On the one hand, in the early stage of
economic development, developing countries can attract various types of foreign investment through
preferential policies including lower environmental regulation. However, this kind of economic
development at the expense of the ecological environment is unsustainable. On the other hand,
after the economic development reaches a certain level, it is necessary to focus on the coordinated
development of economic development and environment protection. This can be done by gradually
tightening environmental regulations and screening and inducing FDI to result in green technology
spillover. Therefore, it will be beneficial to establish and improve the screening mechanism of FDI
enterprise, shifting the focus from FDI scale to FDI quality. The green technology spillover effect
of high-quality FDI enterprises should be pursued for industry upgrading. Finally, environmental
regulations should be designed and implemented considering different characteristics of FDI.
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