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Abstract： 7 

The development of foreign direct investment conforms to the theoretical principles of green total 8 

factor productivity and is key to promoting regional industry upgrading. By using three-stage data 9 

envelopment analysis (DEA) based on city-level data, this paper investigates the effect of foreign 10 

direct investment on regional green total factor productivity (GTFP) across China. The results show 11 

that foreign direct investment affects regional GTFP through the mechanism of technology spillover 12 

effect and human capital spillover effect. Under different environmental regulation intensity and 13 

marketization, the relationship between FDI and green total factor productivity is non-linear level. 14 

The phenomena of "pollution paradise" and "bottom line race" survived at low marketization 15 

regional and foreign direct investment will inhibit the improvement of regional green total factor 16 

productivity in China. 17 

Key words: Green Total Factor Productivity; Regional Diversity; Pollution Paradise; Bottom Line 18 

Race; environment policy 19 

1．Introduction 20 

The world economy is undergoing regional industry upgrading. As the largest energy consumer 21 

country, China’s energy consumption has increased year by year (see Fig1), accounting for 24% 22 

global energy consumption and 34% of the global energy consumption growth1. Motivated by the 23 

prevalence of economic targets at all levels of territory administration in China, local governments 24 

also tend to replace longer-term goals with short-term economic growth (Li X, Liu C, Weng X, et 25 

al. al., 2019). However, China`s economic development facing the growing pressure of resources 26 

and environmental constraints, and sustained environmental degradation has negatively affected the 27 

quality of China's economic growth, public health and seriously hurt government`s reputation (Fu 28 

J, 2008). In response to the crisis of environment and energy, Chinese government put forward the 29 

concept of "beautiful China", emphasizing that the construction of ecological civilization should be 30 

placed in a prominent position, and pollution prevention should be included in the government's key 31 

tasks2. With the Chinese government attaches more importance to the environment and the relevant 32 

environmental laws and regulations are issued, enterprises will bear the rising costs about 33 

environmental protection, foreign direct investment (FDI) flows to China will also be affected.  34 

  35 

                                                             
1 Data source：《BP Statistical Yearbook of World Energy (2019)》 
2 http://www.xinhuanet.com//politics/19cpcnc/2017-10/18/c_1121820882.htm 



 36 

Fig1. Spatial quartile maps of Energy consumption (unit: 10,000 tons of standard coal) in China from 2000 to 37 

2016.   38 

For developing countries, FDI is an important channel for undertaking international technology 39 

transfer, cultivating the competitiveness of local industries, and realizing capital accumulation, 40 

technology accumulation and human capital accumulation. China's rapid economic growth since the 41 

1980s also benefited from the positive role of FDI in local industrial upgrading, technological 42 

innovation and talent training (Kui-Yin C, et al., 2004; Ullah A, et al., 2020). However, existing 43 

researches have not reached a consistent conclusion about the impact of FDI on the ecological 44 

environment of developing countries. There are two points about it: the "pollution haven hypothesis 45 

" (for example, see Reppelin, 1999; Ashford, et al., 2002; Eskeland, et al., 2003; Abdouli, et al., 46 

2017) and the "pollution halo" hypothesis (Birdsall, et al., 1993; Abdouli, et al., 2018). Kuznets 47 

(1955) proposed that the relationship between environmental pollution and economic growth was 48 

inverted U-shaped. In the early stages of economic development, developing countries face 49 

environmental degradation with multinational companies transferring pollute companies, which 50 

pursue the max profit and avoid environmental cost, developing countries become "pollution 51 

paradise" (Eskeland, et al., 2003). Pazienza P (2019) proved the impact of FDI on the intensity of 52 

carbon dioxide emissions is an inverted "U" shape in OECD countries. Series researchers show that 53 

"pollution paradise" hypothesis has been confirmed in China, increasing FDI has a negative impact 54 

on environment. Results from a top-down amplification of economic growth targets along the 55 

jurisdiction levels, local governments tend to attract foreign investment with lower pollution costs 56 

(Luo Y, et al., 2010; Chen Q, et al., 2014). On the contrary, other researches proved that the positive 57 

effect of FDI on the improvement of host country's environment. Both FDI and international trade 58 

provided impetus and opportunities for developing countries to develop advanced environmental 59 

protection technologies and improved the environmental quality (Birdsall, et al., 1993). Antweiler 60 

et al. (2001) showed that technological progress caused by trade reduced pollution in China and 61 

played a positive role in improving environment. Karen et al. (2004) proved that the technological 62 

effect of FDI in China had a significant positive impact on the environment with analyzing 2500 63 

large and medium-sized industrial enterprises. Abdouli et al. (2018) verified the "pollution halo" 64 

effect of FDI in BRICS countries, once FDI reached the threshold level, it would have positive 65 

impact on reducing carbon dioxide emissions. Singhania et al. (2021) researched the correlation 66 

between FDI, institutional, financial development and sustainability in 21 developed and developing 67 

countries with high carbon emissions, and the results showed that FDI had a significant positive 68 

impact on environment.   69 



  70 

Fig2. Spatial maps of foreign direct investment (unit: Thousands of dollars) in China from 2000 to 2016. 71 

Previous researches have noticed the effects of FDI on China`s economic development 72 

transformation and production efficiency, but the role of FDI in promoting Green total factor 73 

productivity is not fully clear, the mechanisms of FDI on GTFP are still controversies. Due to 74 

different regional endowment and development level, traditional efficiency measure methods which 75 

ignore influence of random factors and the external environment factors, may cause measurement 76 

errors in a certain extent, distort the analysis of the impact of FDI on GTFP. On the other hand, 77 

purely researching Regional heterogeneity of GTFP without considering foreign investment, it is 78 

not conducive to discover the deep impact of China's integration into the world market on its 79 

economic development transformation from the perspective of open economy. This paper 80 

contributes to the existing literature in the following two aspects: First, after eliminating external 81 

environmental factors and random factors, we re-measure regional GTFP, and reexamine the impact 82 

of FDI on environment, further enriching the research this field. Second, the objective existence of 83 

regional development differences leads to the heterogeneity of FDI's environmental effects. 84 

Therefore, this paper uses panel data to analyze the mechanism of FDI's effect on GTFP and its 85 

regional heterogeneity. 86 

2. Literature and Hypothesis 87 

FDI mainly affects the host country’s GTFP through three channels: technology spillover, 88 

innovation spillover, and human capital spillover. First, technology spillover effects. On the one 89 

hand, FDI mostly enters China in the form of investment and plant construction. Since companies 90 

in the same industrial value chain need to use uniform standards and technical specification, 91 

industrial linkages will force host country companies to adopt more advanced technologies. It also 92 

encourages local companies to increase productivity through "learning by doing" (Javorcik, 2004), 93 

save factor inputs, and reduce industrial waste emissions. On the other hand, due to multinational 94 

enterprises needs to implement the environmental standards unified with the home country, it could 95 

promote the improvement of the host country’s environmental protection technology, and 96 

effectively control pollution emissions (Eskeland et al., 2003). Second, innovation spillover. After 97 

multinational enterprise enters the host country, it will compete with local enterprises in the product 98 

market, production factor market and human resource market to capture limited resources, intensify 99 

the factor market competition (Magnus, 1998). It encourages local enterprises to carry out 100 

technological research and development to improve competitiveness, and improve the productivity 101 

of the host country. Third, human capital spillover effect. By training local employees, transnational 102 



enterprises internalize human capital in local employees. With the flow of employees between 103 

enterprises, human capital spillover is helpful to improve the human capital of enterprises in host 104 

countries (Noorbakhsh, 2001). However, FDI inflow also has a certain "crowding out effect" on 105 

enterprises in the host country (Ari Kokko, 2014). The impact of above three effects depend on 106 

whether enterprises in the host country break through the dependence path of introduction 107 

technology of FDI, form a virtuous cycle of "introduction -- absorption -- innovation -- output". If 108 

the enterprises in the host country cannot absorb technology, carry out independent innovation and 109 

form high-quality labor pool, FDI will inhibit the improvement of GTFP in the host country. 110 

Therefore, this paper proposes hypothesis 1 and 2:   111 

H1: Technology spillover effect, innovation spillover effect and human capital spillover effect 112 

brought by FDI will affect the GTFP of the host country.   113 

H2: The influence of FDI on GTFP is subject to regional development differences.   114 

Whether FDI can promote the improvement of green productivity in host countries is 115 

influenced by factors such as the level of local environmental regulation and marketization (Alfaro, 116 

2004; Asiedu E, 2006).  Because enterprises in developed countries are often constrained by strict 117 

environmental regulations of home country, and put large investment in environmental protection 118 

and pollution treatment. In order to avoid environmental costs, enterprises in developed countries 119 

often choose to set up multinational companies and relocate high-polluting and energy-consuming 120 

industries to developing countries. In order to pursue economic growth, developing countries often 121 

set low environmental threshold to obtain "comparative advantage" and attract FDI. In this case, 122 

countries with laxer environmental regulation become "pollution paradise". China pursues 123 

economic development and its regional development is prominent imbalance, so foreign investment 124 

is essential to help the country achieve industrialization. In the past few decades before 2012, the 125 

requirement of FDI is not stringent, the objective existence of "Race to the Bottom" among local 126 

governments, FDI bring a considerable amount of high-pollution and energy-consuming plants. 127 

Therefore, the degree of marketization and environmental regulation level play a moderating role 128 

on the "FDI-GTFP" relationship, mainly reflected in the following aspects: first, strict 129 

environmental regulation inhibits the inflow of low-quality FDI and attracts clean FDI, which is 130 

conducive to the improvement of regional GTFP. Second, the higher degree of regional 131 

marketization level, the local government administrative intervention in economy development is 132 

smaller, that means the greater the competition between enterprises and factors flow more freedom. 133 

It is advantageous to weed out low quality FDI in marketplace, and also benefit to local companies 134 

to absorb advanced management experiences and technology by frequent technical exchanges and 135 

staff turnover. Hypothesis 3 is proposed in this paper:   136 

H3: The influence of FDI on GTFP is nonlinear under different intensity of environmental 137 

regulation and marketization level.   138 

3、Methodology and Data  139 

3.1. Model and Method of Estimation  140 

Three-stage Data Envelopment Analysis    141 

Existing research on China's green total factor productivity mainly focuses on industry green 142 

total factor productivity (Zhu X, et al., 2018), regional green total factor productivity (Yangjun Ren, 143 

2019; Wei-Bing LI, et al., 2019; Liu S, et al. 2020; Xia F, Xu J, 2020) and urban green total factor 144 

productivity (Liu and Xin, 2019). And the models such as BBC-DEA, DEA-SBM, and DEA-145 

Malmquist are mainly used for calculate GTFP. Considering previous studies often ignore the 146 



influence of external environmental factors and random factors, this paper will use the three-stage 147 

DEA (Fried, 2002) to measure regional green total factor productivity. The main steps of the three-148 

stage DEA are as follows:  149 

In the first stage, use traditional BBC-DEA model (proposed by Charnes, Cooper, and Rhodes 150 

(1978)) to calculate efficiency. The model equation as following: there are n DMU and �̅� SU, each 151 

SU has m inputs and n outputs. Let 𝑥𝑖𝑝  and 𝑥𝑖𝑗̅̅̅̅   respectively denote the 𝑖𝑡ℎ  input of the 𝑝𝑡ℎ 152 

DMU and the 𝑗𝑡ℎ SU, while 𝑦𝑟𝑝 and 𝑦𝑟𝑗̅̅ ̅̅  respectively denote the 𝑟𝑡ℎ input of the 𝑝𝑡ℎ DMU and 153 

the 𝑗𝑡ℎ SU. Therefore, the BBC-DEA model of the 𝑝𝑡ℎ decision-making unit is shown in equation 154 

(1). 155 

MIN [𝜃 − 𝜀 (∑ 𝑠−𝑚
𝑗=1 + ∑ 𝑠+𝑠

𝑗=1 )]                                                                                 (1) 156 

s. t. ∑ 𝑥𝑖𝑗̅̅̅̅�̅�
𝑗=1 𝛾𝑗 + 𝑠− = θ𝑥𝑖𝑝, i = 1 ⋯ m                                                                              (2) 157 

∑ 𝑑𝑦𝑖𝑗̅̅ ̅�̅�
𝑗=1 𝛾𝑗 − 𝑠+ = 𝑦𝑟𝑝, r = 1 ⋯ s                                                                                 (3) 158 

∑ 𝛾𝑗�̅�
𝑗=1 = 1                                                                                                   (4) 159 

𝛾𝑗 ≥ 0, 𝑗 = 1,2, ⋯ 𝑛, 𝑠+ ≥ 0, 𝑠− ≥ 0 160 

Where θ is the relative efficiency value of the evaluated DUM, 𝑠−and 𝑠+are slack variables, 161 

the constant d is the movement factor that reflects the dynamic adjustment of the system, ε is the 162 

non-Archimedean infinitesimal, the 𝛾𝑗𝑡(𝑗 = 1,2, ⋯ 𝑛) is the weight coefficient. 163 

In the second stage, conduct stochastic frontier analysis model(SFA)(Aigner, Lovell and 164 

Schmidt (1977)). We set the slack of input as the explained variable and the environmental factors 165 

are as the explanatory variables, SFA is used to analyze the influence of environmental factors on 166 

the decision-making unit. The SFA model is shown in equation (5). 167 𝑆𝑖𝑗 = 𝑓𝑖(𝑧𝑗; 𝛽𝑖) + 𝑣𝑖𝑗 + 𝑢𝑖𝑗                                                      (5) 168 𝑆𝑖𝑗  represents the slack variable of the 𝑖𝑡ℎ  input of the 𝑗𝑡ℎ  decision-making unit.𝑧𝑗 are  169 

environmental variables and 𝛽𝑖  are parameters to be estimated. 𝑣𝑖𝑗~𝑁(0, 𝜎𝑢𝑖2 )  are random 170 

interference, 𝑢𝑖𝑗~𝑁+(𝜇, 𝜎𝑢𝑖2 ) are invalid management, they are independent of each other. 171 

For making each DUM in the same natural state, to measure and calculate the efficiency value 172 

that purely reflects the management level of each DUM, we adjust the input items of each DUM 173 

according to the calculation results(𝛽�̂�, 𝜎𝑢𝑖2̂ ) of the SFA regression model. At the same time, in order 174 

to ensure that the adjusted inputs are positive, as shown in equation (3), we use the worst external 175 

environment and maximum random interference as the benchmark, and make adjustment by 176 

increasing the input of other DUMs, 𝑥𝑖𝑗 are actual inputs and 𝑥𝑖𝑗𝐴  are adjusted inputs. 177 𝑥𝑖𝑗𝐴 = 𝑥𝑖𝑗 + [𝑚𝑎𝑥𝑗(𝑧𝑗; 𝛽𝑡) − 𝑧𝑗𝛽𝑡] + [𝑚𝑎𝑥𝑗(𝑣𝑖𝑗) − 𝑣𝑖𝑗]                               (6) 178 

In the third stage, run DEA model again. The original inputs are replaced by the adjusted inputs 179 

from step 2 and the outputs remain unchanged. Traditional DEA model is run again to get the 180 

efficiency without the influence of environmental factors and random errors, which can more 181 

accurately reflect China's regional green total factor productivity. According to the adjusted input 182 

value 𝑥𝑖𝑗𝐴  of each DUM, we run the DEA model again to calculate the new efficiency value. After 183 

removing the influence of random interference and external environmental factors, the adjusted 184 

efficiency value can better reflect the actual efficiency level. When the efficiency value θ = 1, the 185 



DUM is effective, otherwise it is non-effective. For non-effective DUM, we can calculate the input 186 

redundancy ∆𝑋𝑝𝑡 = (1 − 𝜃)𝑋𝑝𝑡 − 𝑆−  and the insufficient output ∆𝑌𝑝𝑡 = 𝑆+  by the projection 187 

analysis based on the front surface. 188 

We first use panel regression method to test the total impact of FDI on GTFP.                                      189 𝐺𝑇𝐹𝑃𝑖𝑡 = 𝛽0 + 𝛽1𝐹𝐷𝐼𝑖𝑡 + 𝛽2𝑐𝑖𝑡 + 𝜀𝑖𝑡                                              (1) 190 

Secondly, the mediating effect test is conducted to examine the channels that FDI affects GTFP.   191 𝐺𝑇𝐹𝑃𝑖𝑡 = 𝛽0 + 𝛽1𝑋𝑖𝑡 + 𝛽2𝑐𝑖𝑡 + 𝜀𝑖𝑡                                                (2) 192 𝐺𝑇𝐹𝑃𝑖𝑡 = 𝛽0 + 𝛽1𝐹𝐷𝐼𝑖𝑡 + 𝛽2𝑋𝑖𝑡 + 𝛽3𝑐𝑖𝑡 + 𝜀𝑖𝑡                                        (3) 193 𝐺𝑇𝐹𝑃𝑖𝑡 is green total factor productivity of the 𝑖𝑡ℎ region in the t year. 𝐹𝐷𝐼𝑖𝑡 is the core 194 

explanatory variable of this paper and refers to the foreign direct investment.𝑋 includes three 195 

variables: innovation level, R&D investment level and human capital accumulation level. The 196 

interaction term is mainly used to investigate the mediation effect of research hypothesis.  To 197 

prevent endogeneity problems caused by missing variables, we control a set of variables influencing 198 

GTFP. 𝜀𝑖𝑡 is the random error. 199 

In order to test the nonlinear impact of FDI on GTFP under different levels of marketization 200 

and environmental regulation, While further discussing the heterogeneous influence of FDI on 201 

GTFP under different levels of innovation, R&D investment and human capital accumulation, we 202 

adopt the panel threshold regression model proposed by Hansen(1999). The advantage of this model 203 

is that it not only estimates the threshold value, but also testes the significance of the endogenous 204 

"threshold effect".  In this paper, environmental regulation level, marketization level, innovation 205 

level, R&D investment level and human capital accumulation level are taken as threshold variables 206 

respectively. The threshold panel model is following:   207 𝐺𝑇𝐹𝑃𝑖𝑡 = 𝛽0 + 𝛽1𝐹𝐷𝐼𝑖𝑡 + 𝛽2𝐹𝐷𝐼𝑖𝑡𝐼(𝑍𝑖𝑡 < 𝛿) + 𝛽3𝑐𝑖𝑡 + 𝜀𝑖𝑡                             (4) 208 𝐺𝑇𝐹𝑃𝑖𝑡  is the same as shown above. 𝑍𝑖𝑡  includes Environmental regulation level, 209 

marketization level, innovation level, R&D investment level and human capital accumulation level, 210 

which were used as the threshold variables of shadow GTFP respectively. I(∙)  Is indicative 211 

coefficient; δ is the calculated threshold value, different threshold variables correspond to different 212 

threshold value; 𝛽2 is the threshold regression coefficient of the core variable 𝐹𝐷𝐼𝑖𝑡𝐼.   213 

3.1. Variables 214 

The explained variable: GTFP. The explained variable is GTFP, measured by three-stage DEA. 215 

In this paper, we select total energy consumption, material capital stock, the number of employees 216 

as input indicators. We also select GDP as the expected output indicator, and carbon dioxide 217 

emissions as the undesired output indicator. Considering at the second stage, we need to eliminate 218 

those facts that affect the efficiency of GTFP and cannot be change in a short time, including two 219 

key factors for full-time equivalent (FTE) of R&D and full-time equivalent (FTE) of R&D personal. 220 

GTFP is also affected by large development gap between provinces in China, particularly the 221 

economic gap, we select the secondary industry's proportion in GDP and the full-time equivalent 222 

(FTE) of R&D as environmental factors. 223 

Table 1 Describe of Variables. 224 

Variable type Variable name symbol Variable description unit Mean 
Standard 

deviation 

Input variable 
Energy 

Consumption 
EC 

Total energy 

consumption 

10,000 tons of standard 

coal 
10,779.18 7702.26 



Material 

Capital 
MC Physical capital stock 

(people/10,000 yuan) 

(price in 2000) 
17.45 58.88 

Labor input Lab 
Number of employed 

persons in urban 
Ten thousand people 780.15 633.40 

Output system 

Economic 

development 
Eco GDP yuan(Price in 2000) 9293.96 9305.57 

Carbon 

Emission 
Co2 

Carbon dioxide 

emissions 
Ten thousand tons 27513.56 21,524.37 

Environmental 

factor 

Industrial 

development 
Ind 

The proportion of the 

secondary industry in 

GDP 

% 46.44 7.78 

R&D 

investment 

level 

Rd 
Full-time equivalent 

of R&D personnel 
Person year 73,569.85 90,715.93 

Core explanatory variable: FDI. FDI is measured by the ratio of actual utilization of foreign 225 

capital to GDP. 226 

Control variables：(1) Economic development level, measured by per capita GDP; (2) Energy 227 

structure, measured by the proportion of thermal power generation in total power generation; (3) 228 

Infrastructure construction, measured by per capita urban road area; (4) Population Quantity, 229 

measured by the total population; (5) Urbanization rate, measured by the proportion of urban 230 

population in the total population; (6) Physical capital accumulation level, measured by the stock 231 

of physical capital; (7) Investment level, measured by the fixed assets of the whole society Total 232 

investment measurement. 233 

Mediated variables and threshold variables: (1) innovation level measured by the number of 234 

domestic patent applications granted per capita; (2) R&D investment level measured by the full-235 

time equivalent of R&D personnel; (3) Human capital accumulation level measured by actual 236 

labor human capital. The policy regulatory factors are represented by Environmental Regulation 237 

(ER) and Marketization Degree (Market), ER is measured by the level of regional environmental 238 

regulation by the proportion of emissions tax levied in GDP, while Market is measured by the 239 

marketization index.  240 

3.2 Data source 241 

Considering available data, we exclude the data from Tibet, Hong Kong, Macau, and Taiwan. 242 

The panel datasets constructed by 30 provinces from 2000 to 2016 year. The primary data is 243 

calculated from the China Urban Statistical Yearbook and China's Energy Statistical Yearbook. The 244 

worth mention is the energy consumption data from the statistical Yearbooks of provinces, the 245 

marketization index measured from the Report with China's Marketization Index by Fan Gang(2019) 246 

and the human capital accumulation data comes from the actual labor human capital of each 247 

province calculated by the CHLR project3. The index of Carbon dioxide emissions collects from the 248 

eight types of energy consumption, including diesel consumption; coke consumption; coal 249 

consumption; kerosene consumption, gasoline consumption; fuel oil consumption; crude oil 250 

consumption; Natural gas consumption. Then evaluation the coefficient of energy conversion to the 251 

carbon. The inter-provincial material capital stock is calculated based on the relevant data and 252 

methods of Zhang Jun (2008), the measuring equation as Kit = Kit−1(1 − δit) + Iit .Table 2 shows 253 

                                                             

3 http://humancapital.cufe.edu.cn/rlzbzsxm/zgrlzbzsxm2020.htm 



the descriptive statistics of variables. 254 

Table 2 Descriptive statistics of variables 255 

Variable name Variable name symbol 
Variable 

description 
unit Mean 

Standard 

deviation 

Explained 

variable 

Green total factor 

productivity 

GTFP 

Efficiency after 

removing 

environmental 

interference factors 

-- 0.89 0.15 

Core Explanatory 

variable 

Foreign direct 

investment 

FDI 
Total foreign 

investment/gdp 

% 0.434 0.542 

control variables 

The level of 

economic 

development 

pgdp GDP per capita Yuan / person 49.382 35.178 

Clean energy 

utilization  

ce 

Proportion of thermal 

power generation in 

total power 

generation 

% 0.78 0.224 

Infrastructure 

construction level 

inc 
Urban road area per 

capital 

Square meter 12.069 4.336 

Population size pop population  Ten thousand people 2498.416 1670.947 

Urbanization rate urban 

The proportion of 

urban population in 

total population 

% 48.175 15.307 

Social investment 

level 

inv 

Total investment in 

fixed assets of the 

whole society 

Ten thousand yuan 116286.7 139419.6 

Material capital k 

Material capital 

accumulation level 

(price in 2000) 

100 million yuan 17.448 58.88 

Mediated 

variables and 

threshold 

variables 

Innovation level inn 

Material capital 

accumulation level 

(price in 2000) 

Pieces/10,000 people 4.233 7.175 

R&D investment 

level 

Rd 
Full-time equivalent 

of R&D personnel 

Person year 73,569.85 90,715.93 

Human capital level rlab 
Labor force human 

capital 

-- 3598.689 2742.471 

Environmental 

regulation  

er 
The percentage of 

emissions tax in GDP 

% 0.2418638 0.3610417 

Marketization level market Marketization index -- 6.642 2.083 

Other variables 

Energy consumption 

per unit of GDP 

enc 
Total energy 

consumption/gdp 

ton of standard 

coal/yuan(Price in 

2000) 

1.99942 2.000756 



Industrial structure ins 

The proportion of the 

secondary industry in 

GDP 

% 46.437 7.778 

Economic scale ec 
Gross national 

product   

yuan(Price in 2000) 9293.956 9305.565 

 

emission intensity  

ei 

 Exhaust 

emissions(Sulfur 

dioxide;nitrogen 

dioxide;carbon 

dioxide)/gdp 

TONE/ten thousand  

yuan(Price in 2000) 

289.8263 332.4328 

Note: The marketization index from the China's Marketization Index Report by Provinces. 256 

4. Results 257 

4.1 Baseline results 258 

Considering the estimation bias caused by regional heterogeneity and time factors, the dynamic 259 

panel regression model with the two-way fixed effect is used to estimate the parameters, the 260 

estimation results are shown in column 1-3. The basic estimation result is shown in column 1, 261 

column 2 and 3 performs robustness test by replacing explained variables. In addition, considering 262 

traditional estimation methods are powerless in controlling potential endogenous problems, refer to 263 

Blundell et al. (2000), the system GMM method can be used to estimate the dynamic panel model, 264 

the estimation results are reported in column 4-6. As the results shown in column 1, the impact of 265 

FDI on regional GTFP is significantly positive at the 5% level with controlling series fixed affects, 266 

indicating that FDI will promote GTFP in China. As mentioned above, existing researches have 267 

been controversial on the relationship between FDI and GTFP, the empirical results of this paper 268 

prove the positive role of FDI in promoting GTFP.  Although the purpose of foreign investment 269 

entering China is to seek relatively cheap production costs and relatively loose environmental 270 

regulations, and transfer industries with high pollution and high energy consumption from home 271 

country to China, however, the more standardized production process and technology brought by 272 

FDI can also effectively improve resources utilization and promote environment. We perform 273 

robustness test with replacing GTFP with energy consumption per unit of GDP(ENC) and emission 274 

intensity (EI) respectively, the estimation results are shown in column 2-3. The coefficients of ENC 275 

and EI is significantly negative at the 5% level, which once again proves the "pollution halo effect" 276 

of FDI in China. The column 4-6 list the estimation results of GMM model, we use the FDI term 277 

with a lag period as the instrumental variable. Although the regression results were not significant 278 

after replacing GTFP with ENC and EI, the coefficients direction was consistent. 279 

Table3 Regression   280 

 Two-Way Mixed Effects Model GMM model 

  （1）  （2）  （3）  （4）  （5）  （6） 

 GTFP ENC EI GTFP ENC EI 

FDI 0.0226** -0.363** -69.99** 0.0262* -0.207 -31.54 

 （2.37） (-2.17) (-2.13) (1.91) (-1.10) (-0.92) 

pgdp 0.00159*** -0.0359*** -5.923*** 0.00225*** -0.0459*** -5.117*** 

 （4.91） (-6.33) (-5.81) (4.21) (-5.48) (-3.42) 

es 0.00166 -2.303** -373.4 0.254* -6.083*** -295.0 



 （0.03） (-2.22) (-1.61) (1.88) (-3.12) (-0.79) 

Inc 0.00714*** -0.192*** -40.04*** 0.00987*** -0.239*** -39.47*** 

 （4.73） (-7.13) (-8.25) (4.04) (-6.23) (-5.67) 

pop -0.0000172 0.000562* 0.0492 -0.0000161 -0.0000209 0.0248 

 (-0.91) -1.71 -0.83 (-0.55) (-0.05) (0.31) 

urban 0.000428 -0.0281*** -1.883 0.000878 -0.00522 -2.369 

 （0.89） (-3.44) (-1.20) (1.18) (-0.46) (-1.06) 

inv -0.000000104*** 0.00000176*** 0.000377*** -0.000000193*** 0.00000315*** 0.000441*** 

 (-4.56) (4.32) (5.08) (-4.12) (4.48) (3.54) 

k 0.00011 0.00449* 1.081** 0.0000184 0.00767** 1.358** 

 （0.76） （1.75） （2.25） (0.08) (2.36) (2.40) 

PROVINCE、

YEAR 
Control Control Control Control Control Control 

_cons 0.727*** 9.419*** 1555.8*** 0.503*** 11.17*** 1168.6*** 

 （9.9） （7.29） （5.43） (3.96) (6.12) (3.43) 

N 451 480 300 451 480 300 

Note: * p < 0.10, ** p < 0.05, *** p < 0.01; Standard errors in parentheses 281 

4.2 Mechanism analysis 282 

In order to investigate the underlying channels through which FDI may affect GTFP, we 283 

introduce the cross terms of innovation level (Inn), R&D investment level(Rd) and Human capital 284 

level(Rlab) and FDI respectively, and test the coefficients. The estimation results are shown in 285 

Table4. 286 

 The estimation results reported in columns (2), (4) show that the interaction terms of FDI and 287 

innovation level and R&D investment level have a significant inhibitory effect on GTFP at the 288 

1%,5% level respectively. These results indicate that innovation and technology spillover brought 289 

by foreign direct investment does not improve regional green total factor productivity. As mentioned 290 

above, the positive effect of innovation and technology spillover requires certain conditions that 291 

local enterprises should have corresponding absorption and transformation capacity. If technology 292 

is only introduced in single-direction dissemination without improving absorptive capacity of local 293 

industries, the technology introduction brought by FDI will not improve the economic growth rate 294 

of the host country (Keller, 1998; SUYANTO, et al., 2010). Although China has actively introduced 295 

foreign investment since the 1980s, the technology absorption capacity of local enterprises is 296 

relatively weaker, especially for a large number of small and medium-sized companies, which can 297 

not find ways to move away from relying solely on technology import. This phenomenon is 298 

associated with the heterogeneous FDI, in the context of tournament-based organization, local 299 

governments of China tend to do its best to attract foreign investment to get the better of an adversary, 300 

so the quantity of FDI is more important than the quality of FDI for them. In addition, the goal of 301 

number of multinational enterprises and investments entering to China is to avoid environment costs, 302 

use an abundant supply of cheap labour and resources. These type of FDI without bring positive 303 

demonstration effect and promoting GFTP. 304 

 305 

Table 4 Estimated results  306 

  （1）  （2）  （3）  （4）  （5）  （6） 



 GTFP GTFP GTFP GTFP GTFP GTFP 

FDI  0.0288***  0.0234**  0.0372*** 

  (2.87)  (2.46)  （-3.47） 

Inn -6.484** -3.253     

 (-3.16) (-1.14)     

Inn *FDI  -4.036*     

  (-1.65)     

Rd   -0.000000348*** -0.000000109   

   (-3.70) (-0.71)   

Rd*FDI    -0.000000403*   

    (-1.82)   

Rlab     -0.0000214** -0.0000149* 

     (-2.88) (-1.88) 

Rlab*FDI      -0.0000199** 

      (-2.50) 

Control variables Yes Yes Yes Yes Yes Yes 

PROVINCE、

YEAR 
Control Control Control Control Control Control 

_cons  0.776***  0.751***  0.769*** 

  (11.58)  (10.89)  （10.2） 

N  451  451  451 

Note: * p < 0.10, ** p < 0.05, *** p < 0.01; Standard errors in parentheses 307 

The estimation results reported in column (6) show that the interaction term between FDI and 308 

Rlab has a significant negative effect on GTFP with at 5% level, indicating that FDI does not 309 

promote regional GTFP in China through human capital spillover effect. Technological progress is 310 

inseparable from improving the quality of the population, for developing countries, the level of 311 

human capital directly affects the ability to imitate and absorb the advanced technology of 312 

developed countries, and determines whether developing countries can achieve economic catch-313 

up with developed countries. This results reveal that multinational enterprises may not help local 314 

enterprises to train technicians, which participate in GVC as OEM (Haskel, et al., 2007), local 315 

Chinese employees do not take important positions such as R&D and senior management in 316 

enterprises. 317 

4.3. Estimation results of Panel threshold regression 318 

We use the Panel Threshold Regression model to further investigate the nonlinear impact of 319 

FDI on GTFP, estimation results are reported in Table 5. In order to select the appropriate number 320 

of thresholds and threshold values, it is necessary to conduct threshold tests on variables respectively. 321 

The results are reported in Table 5 show that marketization level(Market), innovation level(Inn), 322 

R&D investment level (Rd) and human capital level (Rlab) pass the double threshold test at the 1% 323 

significance level, and environmental regulation level (ER) pass the double threshold test at the 5% 324 

significance level. The threshold values obtained after the threshold effect test are (3.37,5.82), 325 

(2.182,3.095), (0.001,0.002), (4187.8,116842) and (466.564,8274.15) respectively. 326 

Table5 Threshold effect test 327 

 Market Inn Rd  Rlab ER 



 F value p value 10% F value p value 10% F value p value 10% F value p value 10% F value p value 10% 

Single 80.102 0.000 29.154 18.856 0.020 8.550 52.413 0.000 6.216 80.932 0.000 37.988 17.238 0.02 9.905 

Double 19.266 0.000 4.552 13.650 0.017 7.780 26.747 0.000 -20.286 28.703 0.000 2.967 3.855 0.057 2.942 

Note: The P value is the result obtained after 300 simulations using the Bootstrap method 328 

The estimation results in columns 1-3 (Table 6) show that when the marketization level is low, 329 

the coefficient of is FDI significantly negative, and as the marketization level breaks through the 330 

threshold value, the FDI coefficient becomes significantly positive. It indicates that in the early stage 331 

of economic openness with the high level of market segmentation and local protectionism, local 332 

governments aim to attract FDI and loose environmental standards. Moreover, due to the limited 333 

inter-regional factor flow, the technology and human capital spillover effect brought by foreign 334 

investment just have partially positive influence on the improvement of regional productivity. But 335 

with the increasing marketization level, the environmental benefits brought by FDI will quickly 336 

become apparent, relating to the local governments voluntarily restrict the standards to reject the 337 

FDI with potential environmental risks and strengthen regional cooperation. The estimation results 338 

in columns (4) - (7) show that even when the environmental regulation level is low, the coefficient 339 

of FDI is still significantly positive, and with the improvement of environmental regulation level, 340 

the coefficient of FDI keeps increasing. It indicates that if local governments start environmental 341 

governance, it is difficult for FDI with pollution risks to enter China, while clean FDI can effectively 342 

improve the clean production capacity of local enterprises. In the circumstances, foreign enterprises 343 

should strictly implement unified environmental standards and apply advanced clean technology in 344 

the production process. But if environmental regulation is too strict for multinational firms to get 345 

profit, it will withdraw from the market and find the other destination with lower environmental 346 

costs, local firms will lose the opportunity to learn by doing. The crowding-out effects can explain 347 

the negative impacts of FDI leading by strict environmental regulation on regional GTFP. 348 

Table 6 Threshold regression  349 

 Market ER 

 <3.37 （3.37,5.82） >=5.82 <2.182 (2.182,3.095） (3.09,5.786) >=5.786 

FDI*I -0.161*** -0.156*** 0.195* 0.0438*** 0.0660* 0.00755 -0.0251 

 (-7.47) (-7.36) (1.76) （2.84） （1.84） （0.24） (-1.56) 

Control 

variables 
Yes Yes Yes Yes Yes Yes Yes 

Constant 0.470*** 0.526*** 0.282*** 0.507*** 0.504*** 0.504*** 0.342*** 

 (12.60) (13.51) (6.32) （13.27） （13.22） （13.22） （8.35） 

N 451 451 451 451 451 451 451 

Note: * p < 0.10, ** p < 0.05, *** p < 0.01; Standard errors in parentheses 350 

Table 7 reports the further analysis of the innovation, technology and human capital spillover 351 

effect of FDI on GTFP. The estimation results in columns (1) - (3) show that when the independent 352 

innovation level of local enterprises is low, FDI has a significant negative impact on regional GTFP. 353 

However, with the local innovation level increasing, the environmental benefits of FDI will 354 

gradually emerge. It indicates that only when the local firms have the capacity to abort advanced 355 

technology, technology spillover effect of FDI can play positive role in promoting GTFP. On the 356 

contrary, if local firms can`t be able to digest the advanced technology with path dependence of 357 

technology import, FDI have negative influence on the development of indigenous innovation 358 

ability. The regression with R&D investment level and human capital accumulation level as 359 



threshold variables has similar results. 360 

Table7 Threshold regression   361 

 Inn Rd Rlab 

 <0.001 (0.001,0.002

) 

>=0.002 <4187.8 (4187.8,116842) >=11684

2 

<466.564 (466.564,8274.15) >=8274.15 

FDI*I -0.0869*** 0.0782*** 0.0899*** -0.0612*** 0.0931*** 0.0607** -0.0927*** 0.155*** 0.245*** 

 (-4.04) (3.53) (3.72) (-3.59) (4.32) (2.55) (-4.83) (2.99) (5.11) 

Control 

variables 
Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Constant 0.643*** 0.636*** 0.386*** 0.527*** 0.520*** 0.398*** 0.429*** 0.411*** 0.289*** 

 (16.84) (16.86) (10.41) (12.93) (13.09) (10.68) (11.32) (11.12) (7.72) 

N 451 451 451 451 451 451 451 451 451 

Note: * p < 0.10, ** p < 0.05, *** p < 0.01; Standard errors in parentheses 362 

4.4. Heterogeneity analysis 363 

Table 8 reports the group regression estimation results divided by economic region of China, 364 

showing that FDI have heterogeneous influences on GTFP in different economic regions. Columns 365 

(1), (2) report the estimation results of eastern and central regions. Although the coefficients are not 366 

significant, it can partially explain that FDI has a positive impact on GTFP in eastern and central 367 

regions. Meanwhile FDI play a significant negative impact on GTFP in western and northeastern 368 

regions. The results indicate that the regional heterogeneous affects brought by FDI on GTFP 369 

relating to regional development level and resource endowment, which has heterogeneity and needs 370 

further analysis. 371 

Table8 Regional heterogeneity analysis 372 

 Eastern Central Western Northeastern 

 GTFP GTFP GTFP GTFP 

FDI 0.0148 0.159 -0.221*** -0.246** 

 (1.19) (1.11) (-2.85) (-2.27) 

Control variables Yes Yes Yes Yes 

_cons 0.862*** 0.825*** 0.785*** 1.024*** 

 (5.35) (6.43) (7.02) (3.04) 

N 136 105 165 45 

Note: * p < 0.10, ** p < 0.05, *** p < 0.01; Standard errors in parentheses；According to the division method of Chinese 373 

administrative regions, the provinces are divided into Northeastern, Eastern, Central, and Western China. The Northeastern 374 

provinces include Jilin, Liaoning, and Heilongjiang. The Eastern provinces include Hebei, Beijing, Tianjin, Shandong, Jiangsu, 375 

Shanghai, Zhejiang, Fujian, Guangdong, and Hainan. Central provinces include Henan, Hubei, Hunan, Anhui, Jiangxi, and Shanxi. 376 

The Western provinces include Chongqing, Sichuan, Guizhou, Yunnan, Guangxi, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, and 377 

Inner Mongolia. 378 

According to the estimation results in Columns (2) and (3) of Table 9, we find that in regions 379 

with large economic scale (divided by the median of economic scale), FDI has no significant 380 

positive effect on GTFP, while in regions with small economic development scale, FDI can 381 

significantly improve GTFP. The possible reason is that, compared with the regions with smaller 382 

economic scale, the regions with larger economic scale have entered the development stage of 383 

diminishing marginal utility with the investment has tended to saturation, formed mature 384 



development paths, so the environmental benefits brought by FDI are limited. The estimation results 385 

in Columns (4) and (5) show that the industrial structure level (divided according to the median 386 

value of industrial structure level) has significant impact on improving environmental benefits of 387 

FDI. In regions with more advanced industrial structure, the government sets a higher standard for 388 

investors, and prefer to the clean FDI with the development of environment-friendly industrial 389 

structure. At the same time, local enterprises can adopt foreign advanced technology and clean 390 

production model to improve production efficiency and reduce pollution. 391 

Table 9 Regional heterogeneity analysis 392 

 
Regions with larger 

economies 

Regions with smaller 

economies 

Regions with high level of 

industrial structure 

Regions with low level of 

industrial structure 

 GTFP GTFP GTFP GTFP 

FDI 0.0111 0.0286** 0.0625*** -0.00284 

 -0.61 -2.41 -5.45 (-0.09) 

Control variables Yes Yes Yes Yes 

_cons 1.050*** 0.589*** 0.809*** 0.839*** 

 -11.79 -5.45 -6.83 -8.6 

N 167 284 236 215 

Note: * p < 0.10, ** p < 0.05, *** p < 0.01; Standard errors in parentheses. We divided regions into high-low level based on the median. 393 

5.Conclusions 394 

The relationship between environmental protection and economic growth has been a hot topic 395 

in the past decades, however, energy consumption has risen with countries’ industrialization since 396 

the industrial revolution. As the world's biggest energy consumer, China should play an important 397 

role in fighting global warming and reducing carbon emission. The community of shared future for 398 

mankind proposed by the Chinese government focus on ecological crisis response with mobilizing 399 

international support. Especially, China tries to build an environment-friendly society, the clean 400 

production is an essential means to achieve this goal. This paper enriches the existing literature by 401 

discovering the potential effects of FDI on the Green total factor productivity of developing 402 

countries (especially the understudied region of China) and testing the threshold effects of regional 403 

marketization and environment regulation level and the absorptive capacity of local firms to analyze 404 

to what extent regional Green total factor productivity benefit from foreign investment. 405 

First of all, the results show that FDI has a positive impact on regional GTFP in China. Based 406 

on these results, we verify the pollution halo effect of FDI, and argue the important role of FDI 407 

playing in promoting clean production and environmental protection in China. Second, through 408 

innovation spillover effect, technology spillover effect and human capital spillover effect, FDI has 409 

heterogeneous impacts on GTFP. Considering the absorption capacity of local firms, only when the 410 

innovation level, R&D investment level and human capital level break through the threshold values, 411 

the spillover effects of FDI can have positive impact on regional green total factor productivity. On 412 

contrary, the crowing effects of FDI may lead to a pollution paradise phenomenon. There is a 413 

nonlinear relationship between FDI and GTFP with different level of marketization and 414 

environmental regulation. With increasing improvement of marketization level, the environmental 415 

benefits of FDI decrease first and then increase, indicating that the free flow of factors and regional 416 

cooperation are helpful to weaken the crowding effects of FDI. However, results also show that 417 

there is a reciprocal U kink of regional environment regulation level. once local governments start 418 

environmental regulation, FDI have a positive impact on regional green total factor productivity. 419 



However, if the environmental regulation level is close to a turning point, foreign capital will shift 420 

to other destinations for lower environmental cost. Generally speaking, environment regulation is 421 

benefit to regional sustainable development. Last, the impacts of FDI on GTFP represent the 422 

characteristics of regional heterogeneity. Western region and northeast region are the "pollution 423 

paradise" in China, and the environmental benefits of FDI vary in regions with different economic 424 

scales, and industrial structure levels. 425 

Based on the results, it is necessary to set standards of the introduction of FDI to promote clean 426 

production in China. Due to the unique political system of China, local governments tend to attract 427 

FDI without considering potential ecological costs in the future, and participate in the economic 428 

competition rather than cooperate with neighbors, leading to the low environment benefits of FDI 429 

and waste of resources. Therefore, Chinese governments have to improve the multi-layered 430 

cooperation system to gradually reduce inefficiency caused by bad local competition. In addition, 431 

the governments also need to focus on cultivating the independent innovation capacity of local 432 

enterprises. FDI can bring advanced technology to China, but if local firms just depend on 433 

technology introduction rather than increase R&D investment, it will have negative impact on local 434 

industrial development in long period. To cultivate local technological market and high quality labor 435 

source market, the governments should provide more support including subsidy as well as 436 

infrastructure construction such as training school, community libraries and practical bases.  437 

 438 

References 439 

Abdouli M, Hammami S. Economic growth, FDI inflows and their impact on the environment: an empirical study 440 

for the MENA countries[J]. Quality & Quantity, 2017. 441 

Abdouli M, Kamoun O, Hamdi B. The impact of economic growth, population density, and FDI inflows on CO_2 442 

emissions in BRICTS countries: Does the Kuznets curve exist? [J]. Empirical Economics, 2018, 54(4):1717-1742. 443 

Aigner D, Lovell C, Schmidt P. Formulation and estimation of stochastic frontier production function models[J]. 444 

Journal of Econometrics, 1977, 6(1):21-37. 445 

Alfaro L, Chanda A, Kalemli-Ozcan S, et al. FDI and economic growth: the role of local financial markets[J]. Journal 446 

of International Economics, 2004, 64. 447 

Antweiler, Werner, Copeland, et al. Is Free Trade Good for the Environment? [J]. American Economic Review, 2001. 448 

Ari Kokko, Tran Toan Thang; Foreign Direct Investment and the Survival of Domestic Private Firms in Viet Nam. 449 

Asian Development Review 2014; 31 (1): 53–91.  450 

Ashford N A, Bluestone B, Freeman P, et al. Globalization and the environment[J]. Journal of Public Health Policy, 451 

2002, 23(2):225-238. 452 

Asiedu E . Foreign Direct Investment in Africa: The Role of Natural Resources, Market Size, Government Policy, 453 

Institutions and Political Instability[J]. World Economy, 2006, 29. 454 

Blundell R, Bond S, F Windmeijer. Estimation in dynamic panel data models: improving on the performance of the 455 

standard GMM estimator[J]. IFS Working Papers, 2000, 15(00):53-91. 456 

Charnes A, Cooper W W, Rhodes E. A Data Envelopment Analysis Approach to Evaluation of the Program Follow 457 

through Experiment in U.S[J]. Public School Education, 1978. 458 

Chen Q, Maung M, Shi Y, et al. Foreign direct investment concessions and environmental levies in China[J]. 459 

International Review of Financial Analysis, 2014, 36:241-250. 460 

Eskeland, Gunnar S. Harrison, Ann E. Moving to greener pastures? Multinationals and the pollution haven 461 

hypothesis[J]. Journal of Development Economics, 2003, 70 (1):1-23. 462 



Fu J. FDI and environmental regulations in China[J]. Journal of the Asia Pacific Economy, 2008. 463 

Gunnar S. Eskeland, Ann E. Harrison. Moving to greener pastures? Multinationals and the pollution haven 464 

hypothesis[J]. Journal of Development Economics, 2003, 70 (1):1-23. 465 

H.O. Fried, C. A. K. Lovell, S. S. Schmidt, S. Yaisawarng. Accounting for environmental effects and statistical noise 466 

in data envelopment analysis[J]. Journal of Productivity Analysis, 2002, 17 (1-2), pp.157-174. 467 

Hansen, B. E. Sample Spliting and Threshold Estimation. Eeonometrica, 2000, 68(3), pp.575-603. 468 

Harold O. Fried, Shelton S. Schmidt, Suthathip Yaisawarng. Incorporating the Operating Environment Into a 469 

Nonparametric Measure of Technical Efficiency[J]. Journal of Productivity Analysis, 1999, 12 (3), pp.249-267. 470 

Haskel J E, Pereira S C, Slaughter M J. Does Inward Foreign Direct Investment Boost the Productivity of Domestic 471 

Firms? [J]. Review of Economics & Statistics, 2007, 89(3):482-496. 472 

Javorcik, Smarzynska B. Does Foreign Direct Investment Increase the Productivity of Domestic Firms? Is Search of 473 

Spillovers Through Backward Linkages. [J]. American Economic Review, 2004. 474 

Jun Zhang. Estimation of China's provincial capital stock (1952–2004) with applications[J]. Journal of Chinese 475 

Economic and Business Studies, 2008,6(2):177-196 476 

Karen, Fisher-Vanden, and, et al. What is driving China's decline in energy intensity? [J]. Resource & Energy 477 

Economics, 2004. 478 

Keller W.  Are international R&D spillovers trade-related? [J]. European Economic Review, 1998, 42(8). 479 

Kui-Yin C, Lin P. Spillover effects of FDI on innovation in China: Evidence from the provincial data[J]. China 480 

Economic Review, 2004, 15(1):25-44. 481 

Kuznets, S. Economic Growth and Income Inequality. American Economic Review, 1955, 45, 1-28. 482 

Liu S, Hou P, Gao Y, et al. Innovation and green total factor productivity in China: a linear and nonlinear 483 

investigation[J]. Environmental Science and Pollution Research, 2020:1-22. 484 

Liu Z, Xin L. Has China's Belt and Road Initiative promoted its green total factor productivity? —— Evidence from 485 

primary provinces along the route[J]. Energy Policy, 2019, 129:360-369. 486 

Luo Y, Xue Q, Han B. How emerging market governments promote outward FDI: Experience from China[J]. Journal 487 

of World Business, 2010, 45(1):68-79. 488 

Magnus, Blomström, Ari, Kokko. (1998). Multinational corporations and spillovers. Journal of Economic Surveys. 489 

N Birdsall, D Wheeler. Trade Policy and Industrial Pollution in Latin America: Where Are the Pollution Havens? [J]. 490 

The Journal of Environment & Development, 1993. 491 

Noorbakhsh F, Paloni A, Youssef A. Human Capital and FDI Inflows to Developing Countries: New Empirical 492 

Evidence[J]. World Development, 2001, 29(9):1593-1610. 493 

Pazienza P. The impact of FDI in the OECD manufacturing sector on CO2 emission: Evidence and policy issues[J]. 494 

Environmental Impact Assessment Review, 2019, 77:60-68. 495 

Reppelin-Hill V. Trade and Environment: An Empirical Analysis of the Technology Effect in the Steel Industry[J]. 496 

Journal of Environmental Economics & Management, 1999, 38(3):283-301. 497 

Singhania M, Saini N. Demystifying pollution haven hypothesis: Role of FDI[J]. Journal of Business Research, 2021, 498 

123:516-528. 499 

SUYANTO, Salim R A. SOURCES OF PRODUCTIVITY GAINS FROM FDI IN INDONESIA: IS IT 500 

EFFICIENCY IMPROVEMENT OR TECHNOLOGICAL PROGRESS? [J]. The Developing Economies, 2010, 501 

48(4). 502 

Tang, Jitao. Testing the Pollution Haven Effect: Does the Type of FDI Matter? [J]. Environmental & Resource 503 

Economics, 2015, 60(4):549-578. 504 

Ullah A, Zhao X, Kamal M A, et al. Environmental regulations and inward FDI in China: Fresh evidence from the 505 

asymmetric autoregressive distributed lag approach[J]. International Journal of Finance & Economics, 2020(3). 506 



Wang, X. L., Fan, G., & Hu, L. P. Report on Marketization Index of China by Province. Beijing, China: Social 507 

Science Literature Publishing House, 2019. 508 

Wei-Bing L I, Liu F W, Bin W, et al. Can Environmental Regulation Promote GTFP? — Evidence from the Two 509 

Control Zones Policy. Journal of Huazhong University of Science and Technology (Social Science Edition), 2019. 510 

Xia F, Xu J. Green total factor productivity: A re-examination of quality of growth for provinces in China[J]. China 511 

Economic Review, 2020, 62. 512 

Xing Li, Chong Liu, Xi Weng, Li-An Zhou. Target Setting in Tournaments: Theory and Evidence from China[J]. 513 

The Economic Journal, 2019, Volume 129, Issue 623, Pages 2888–2915. 514 

Yangjun Ren. Research on the green total factor productivity and its influencing factors based on system GMM 515 

model[J]. Journal of Ambient Intelligence and Humanized Computing, 2019, 11(2). 516 

Zhu X, Chen Y, Feng C. Green total factor productivity of China's mining and quarrying industry: A global data 517 

envelopment analysis[J]. Resources Policy, 2018: S0301420717303690. 518 

 519 

Ethics approval  520 

Not applicable. 521 

Authors contributions 522 

Jialu YOU: Literature review,Visualization, Final draft and editing; 523 

H XIAO: Methodology, Software; Data curation, Writing Original draft.  524 

Consent to participate 525 

We, the authors (author and co-author), agreed to participate in this study on FDI and Green Total 526 

Factor Productivity in China without compulsion. This is a voluntary consent to participate in this 527 

research and we do agree on and with everything in the manuscript. 528 

Consent for publication 529 

We have read the author`s guide, rules and ethics for publication in Environmental Science and 530 

Pollution Research. All authors agree for the manuscript to be published in Environmental Science 531 

and Pollution Research. 532 

Data availability 533 

The datasets used and/or analyzed during the current study are available from the corresponding 534 

author on reasonable request. 535 

Funding 536 

Not applicable 537 

Conflict of interest 538 

The authors declare that they have no competing interests. 539 

Acknowledgments 540 

The authors are very grateful to the reviewers for their insightful comments and careful review. 541 


