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Abstract. After in-depth analysis and comprehensive evaluation of existing stud-

ies on the impact of two-way foreign direct investment (FDI) and innovation-

driven strategies on China's green total factor productivity (GTFP), this study 

adopts the Slacks Based Measure (SBM) directional distance function model that 

includes global non-expected output. Under the strict constraint of variable re-

turns to scale (VRS), the green Global Malmquist-Luenberger (GML) productiv-

ity index of provincial administrative units is analyzed in detail. On this basis, 

this study constructs an empirical modeling framework and integrates a series of 

key control variables to comprehensively explore the dynamic impact of two-

way FDI on GTFP. The results show that the growth of IFDI has a significant 

inhibitory effect on GTFP, which to some extent provides empirical support for 

the applicability of the “polluted paradise” hypothesis in China; the expansion of 

OFDI and the synergistic effect of bidirectional FDI have a positive impact on 

the growth of GTFP; and OFDI and bidirectional FDI can be used to improve 

human capital level and then to enhance GTFP.The expansion of OFDI and the 

synergistic effect of two-way FDI have a positive impact on GTFP growth; OFDI 

and two-way FDI can contribute to the growth of green total factor productivity 

by enhancing human capital. 
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1 Introduction 

The 14th Five-Year Plan for National Economic and Social Development and the Out-

line of the 2035 Vision Goals of the People's Republic of China put the green develop-

ment path at the core of sustainable development and stressed its key role in China's 

future development.Enhancing green total factor productivity is a crucial path to 

achieve the dual goals of high-quality economic growth and environmental protection, 

and it has significant significance. 

The interaction between international business activities, environmental pollution 

and global total factor productivity  has been the focus of academic discussion. Yao Li 

(2019) analyzed data from 30 Chinese provinces using a dynamic panel model and 

found that two-way FDI has a positive effect on green total factor productivity, with  
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this effect being more pronounced in the eastern region than in the central and western 
regions, further confirming the regional differences[1]. A large amount of science and 
technology innovation personnel can significantly improve the local TFP[2]. Zhang 
Jian and Li Zhanfeng pointed out that the above factors not only play a role as an inter-
mediary mechanism, but also directly or indirectly affect the effect of OFDI in promot-
ing GTFP growth[3]. 

2 Analysis of Theoretical Mechanisms 

Direct effects of two-way FDI harmonization on GTFP. Zhao Mingliang et al. (2020) 
point out that there may be an upper limit to the negative effects of IFDI under certain 
conditions[4]. IFDI provided the foundation for the development of OFDI, while OFDI 
promoted the upgrading of IFDI to a higher level[5-6]. As the country's economic 
strength increased, its companies improved their access to information and risk assess-
ment skills and began to participate in outward direct investment. These transnational 
activities not only enhance the innovation capacity of enterprises, but also reduce en-
ergy consumption and increase GTFP[7]. 

Hypothesis 1 :The coordinated development of two-way foreign direct investment 
(FDI) will have a significant positive effect on the increase of GTFP level when the 
interaction of IFDI and OFDI is considered together.  

Hypothesis 2:Human capital plays an intermediary role between the coordinated de-
velopment of two-way FDI and GTFP. By improving the level of human capital, the 
coordinated development of two-way FDI has a positive impact on GTFP. 

3 Empirical Research Design 

3.1 Benchmark Regression Model 

 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖= 𝛽𝛽0 + 𝛽𝛽1𝐼𝐼𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖 +𝛽𝛽2𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 +𝛽𝛽3𝑂𝑂𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 +𝛽𝛽4𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖+𝛽𝛽5𝐸𝐸𝐸𝐸𝐺𝐺𝑖𝑖𝑖𝑖 +𝛽𝛽6𝑈𝑈𝑈𝑈𝑈𝑈𝑖𝑖𝑖𝑖 + 𝜏𝜏𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖 (1) 

In the model, we use subscripts i and t to denote provinces and years, respec-
tively.𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖  represents the green total factor productivity of the ith province in year 
t 𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖  represents the inward FDI intensity of the province in the same period; 
and𝑂𝑂𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖  measures the outward FDI intensity of that province in the same period.  

3.2 Mediating Effects Model 

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖  = 𝛽𝛽0 + 𝛽𝛽1𝐼𝐼𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖  +𝛽𝛽2𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 +𝛽𝛽3𝑂𝑂𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 + 𝛽𝛽4𝐶𝐶𝐺𝐺𝐶𝐶𝐶𝐶𝑈𝑈𝐺𝐺𝐶𝐶𝑖𝑖𝑖𝑖 +φi +𝜏𝜏𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖 (2) 

𝐻𝐻𝐶𝐶𝑖𝑖𝑖𝑖    =  𝛼𝛼0 + 𝛼𝛼1𝐼𝐼𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖  +𝛼𝛼2𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖  +𝛼𝛼3𝑂𝑂𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖+𝛼𝛼4𝐶𝐶𝐺𝐺𝐶𝐶𝐶𝐶𝑈𝑈𝐺𝐺𝐶𝐶𝑖𝑖𝑖𝑖  +φi +𝜏𝜏𝑖𝑖 + 𝜖𝜖𝑖𝑖𝑖𝑖   (3) 

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑖𝑖=𝜃𝜃0 + 𝜃𝜃1𝐼𝐼𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖 +θ2HCit + θ3𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 + θ43𝑂𝑂𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 + 𝜃𝜃5𝐶𝐶𝐺𝐺𝐶𝐶𝐶𝐶𝑈𝑈𝐺𝐺𝐶𝐶𝑖𝑖𝑖𝑖 + φi + 𝜏𝜏𝑖𝑖 +  𝜖𝜖𝑖𝑖𝑖𝑖 (4) 

Models (2)~(5) are the test models for the mediating variable of production cost, model 
(2) is the first step of the mediation effect test, if the coefficient of the impact of two-
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way FDI on green total factor productivityβ1 is significant, then the next step of the 
test, model (3), (4) is the second and third step of the mediating effect, according to 
theθ1、θ2 the significance of the human capital to determine whether the mediation 
effect of human capital exists. 

3.3 Variables 

In this study, we adopted based on slack variable (Slacks - BasedMeasure, SBM) all 
the domain of the expected output direction distance function, at the same time, set the 
size of the production technology to follow the variable compensation (VRS, Varia-
bleReturnstoScale) constraints.  

𝐶𝐶𝑖𝑖𝑖𝑖 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖∗𝑂𝑂𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖
（𝑎𝑎𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖+𝑏𝑏𝑂𝑂𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖）

𝛾𝛾 (5) 

Following the research method of Huang Lingyun and Gong Mengqi (2020) et al., 
we set both a and b as 0.5 as the adjustment coefficient, and set the harmonic coefficient 
(or amplification coefficient) as 2 to more accurately reflect the synergistic relationship 
between two-way FDI[8]. 

𝐺𝐺𝑖𝑖𝑖𝑖 = （𝐼𝐼𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖 + 𝑂𝑂𝐺𝐺𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖）/2 (6) 

On this basis, the harmonized development level of two-way FDI is further intro-
duced 𝐼𝐼𝑖𝑖𝑖𝑖  (IO)=（C ∗ T）

1/2
, the interactive development level of two-way FDI can be 

obtained by substituting equations (1)(2): 

IDFDI𝑖𝑖𝑖𝑖=𝐼𝐼𝑖𝑖𝑖𝑖  (IO) =� 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖∗𝑂𝑂𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖
（𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖+𝑂𝑂𝐼𝐼𝐼𝐼𝐼𝐼𝑖𝑖𝑖𝑖）/2 

�
1/2

 (7) 

4 Empirical Process and Analysis of Results 

4.1 Benchmark Regression Estimates 

In Table 1, the results show that the estimated coefficient of the variable IFDI (foreign 
direct investment) is significantly negative, which means that the increase of IFDI has 
a significant inhibitory effect on green total factor productivity (GTFP).The results of 
this study support the reality of the "pollution haven" theory in China, meaning that 
foreign direct investment (IFDI) tends to flow to China's processing and manufacturing 
industries, which are more dependent on domestic resources and the environment as 
production conditions, and may have adverse impacts on the environment and produc-
tion efficiency[9]. In addition, this study also verifies hypothesis 1: When considering 
segmentation, foreign direct investment (IFDI) inhibits GTFP level, while OFDI pro-
motes GTFP level.However, when the coordinated development of two-way FDI is 
considered comprehensively, its overall effect will promote the improvement of GTFP 
level.This finding indicates that the coordinated development of two-way FDI is an 
important way to achieve green economic growth, and jointly promotes the significant 



 

 (0.000) (0.000) (0.000) (0.000) 

544             Y. Tao

increase of GTFP by optimizing resource allocation and promoting technological inno-
vation. 

Table 1. Impact of two-way FDI on green total factor productivity: stepwise benchmark regres-
sion 

(3) (4) (1) (2) 
 GTFP GTFP GTFP GTFP 
IFDI -0.3706515*** -0.3681064***  -0.3675153*** -

0.368*** 

OFDI 
 

0.2813858*** 
(0.000) 

 0.2750584***  
(0.000) 

0.2783483*** 
(0.001) 

0.178** 
(0.020) 

IDFDI 
 

 0.2981615***  
(0.002) 

0.3089361***  
(0.002) 

0.314518*** 
(0.001) 

0.196** 
(0.048) 

Gov 
 

 
 

 0.0472207 
(0.625) 

0.0392876 
(0.683) 

0.134 
(0.149) 

Eco 
 

 
 

 
 

-0.0363765 
(0.571) 

-0.110* 
(0.085) 

Urban 
 

 
 

 
 

 
 

0.494*** 
(0.000) 

_cons 
 

 
 

 
 

 
 

-0.000 
(1.000) 

R2 0.652  0.620   0.601   0.548 
N 330 330 330 330 
fixed effect be be be be 

4.2 Mediation Effects Test 

In Table 2, with the introduction of R & D human capital as an intermediary variable, 
it can be observed that two-way foreign direct investment (FDI) has an obvious positive 
promoting effect on human capital.Human capital plays a key role in the innovation 
drive of green total factor productivity (GTFP)[10], mainly by accelerating local talent 
accumulation and upgrading, playing a radiating effect of innovation, and promoting 
the conversion of scientific research results into advanced factor "reservoirs", thereby 
amplifying the innovation drive effect and ultimately increasing the local GTFP 
level.Hypothesis 2 is tested: human capital plays a mediating role between the coordi-
nated development of two-way FDI and GTFP, and the coordinated development of 
two-way FDI has a positive impact on GTFP through the enhancement of the level of 
human capital. 

Table 2. Tests for the mediating effect of human capital 

 Step one:𝛽𝛽1 Step two:𝛼𝛼1 Step Three:𝜃𝜃1 𝜃𝜃2 
 (1) (2) (3) 
 GTFP human capital GTFP 
IFDI -0.368*** -0.068*** -0.366*** 
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 (0.000) (0.009) (0.000) 
OFDI 
 

0.178** 
(0.020) 

-0.060** 
(0.025) 

0.168** 
(0.023) 

IDFDI 
 

0.196** 
(0.048) 

0.151*** 
(0.000) 

0.056 
(0.576) 

Gov 
 

0.134 
(0.149) 

0.261*** 
(0.000) 

0.069 
(0.455) 

Eco 
 

-0.110* 
(0.085) 

0.133*** 
(0.000) 

-0.125** 
(0.043) 

Urb 
 

0.494*** 
(0.000) 

0.808*** 
(0.000) 

0.115 
(0.395) 

HC 
 

 
 

 
 

0.574*** 
(0.000) 

_cons 
 

-0.000 
(1.000) 

0.000 
(1.000) 

-0.000 
(1.000) 

N 330 330 330 
fixed effect be be be 

4.3 Robustness Tests 

In Table 3, replacing core variables on robustness tests.First, we replaced the explana-
tory variables for robustness testing. The result of this robustness test further confirms 
the relationship we observed in our original model, i.e., the relationship between two-
way FDI and green total factor productivity is not affected by the returns to scale con-
dition. 

Core explanatory variables lagged by one period. In conducting the robustness test, 
we consider the addition of the lagged period of the core explanatory variables. The 
results of this robustness test indicate that the effect of two-way FDI on green total 
factor productivity is not only significant in the current period, but also remains signif-
icant in the lagged period[11]. This may imply that two-way FDI has a lasting impact 
on the introduction of green technology and improvement of environmental manage-
ment, not just limited to short-term effects. 

Continue adding control variables. By adding the control variable financial develop-
ment level (Fin), we observe that the significant relationship between two-way FDI and 
green total factor productivity remains unchanged and our results are still stable and 
statistically significant, then we can more confidently conclude that the impact of two-
way FDI on green total factor productivity is real and reliable. The coefficient of finan-
cial development (Fin) is significantly negative, indicating that the expansion of finan-
cial scale inhibits the increase of green total factor productivity. 

Table 3. Robustness test 

 (1) (2) (3) 

 Substitution of ex-
planatory variables 

one period behind add control variables 
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 CGTFP GTFP GTFP 
L. IFDI 

 
 
 

-0.386*** 
(0.000) 

 
 

IFDI 
 

-0.374*** 
(0.004) 

 
 

-0.288*** 
(0.000) 

L. OFDI 
 

 
 

0.208*** 
(0.008) 

 
 

OFDI 
 

0.234*** 
(0.019) 

 
 

0.242*** 
(0.002) 

IDFDI 
 

 
 

0.168 
(0.113) 

0.175* 
(0.074) 

Gov 
 

0.095 
(0.352) 

0.096 
(0.334) 

0.096 
(0.305) 

Eco 
 

-0.123** 
(0.039) 

-0.144** 
(0.034) 

-0.168** 
(0.010) 

Urb 
 

0.523*** 
(0.000) 

0.514*** 
(0.000) 

0.891*** 
(0.000) 

Fin 
 

 
 

 
 

-0.544*** 
(0.001) 

_cons 
 

 
 

0.063 
(0.509) 

-0.000 
(1.000) 

fixed effect  be be 
N  300 330 

5 Conclusions 

Deepening Openness and Dual Circulation.In the face of Sino-US trade tensions, post-
pandemic uncertainties, and the rising trend of anti-globalization, China must deepen 
its openness. This is crucial for absorbing advanced international technologies, enhanc-
ing innovation, and driving high-quality economic development.By deepening interna-
tional cooperation, actively attracting foreign investment, and encouraging Chinese en-
terprises to go global, China can find new growth opportunities, optimize its economic 
structure, and achieve sustainable development. Promoting Coordinated Development 
of Two-Way FDI.The government should implement measures to encourage simulta-
neous IFDI and OFDI activities, ensuring the coordinated development of two-way 
FDI. This includes creating a favorable investment environment, reducing barriers and 
costs of cross-border investment, and strengthening international cooperation and ex-
changes to enhance the complementary effects of investment.Strengthen international 
cooperation and experience sharing to jointly address environmental challenges and 
promote sustainable development. Strengthening Environmental Management and Su-
pervisionThe government should enhance environmental management and supervision 
to mitigate the negative environmental impacts of IFDI. Establishing high standards for 
environmental access is essential to encourage IFDI enterprises to develop cleaner pro-
duction technologies and green processes.Improve the human capital training and edu-
cation system to enhance the level of human capital, which is crucial for promoting the 
coordinated development of two-way FDI and GTFP. 
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