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Can environmental investments benefit environmental performance? The moderating 

roles of institutional environment and foreign direct investment  

 

Abstract: Contribution of environmental investments (EI) to environmental performance (EP) 

is a lively topic for environmental researchers across the world. In spite of huge amount of 

research, there is still lack of clarity on the moderating factors that affect the role played by EI. 

In this study, we distinguish EI into pollution control investments (PCI) and pollution 

prevention investments (PPI). We further investigate whether institutional environment and 

foreign direct investment (FDI) can play their moderating effects both on the relationship 

between EI and EP and on the relationship between different types of investments and EP or 

not. The results indicate that EI has a positive effect on EP. More specifically, PPI plays a 

stronger positive role in EP, but PCI does not have a significant effect on EP. In addition, both 

institutional environment and FDI can strengthen the positive impact of EI on EP. The increase 

of EI in regions with better institutional environment or high FDI can lead to greater 

improvement in EP. These moderating effects of institutional environment and FDI are also 

confirmed on the link between PPI and EP. In summary, our results reinforce the existing views 

that EI, and specifically PPI, can improve EP, but further contribute to the understanding of the 

positive moderating roles played by the institutional environment and FDI on the link between 

EI and EP. 

Keywords: environmental investments; pollution control investments; pollution prevention 

investments; environmental performance; institutional environment; foreign direct investment  

 

1.Introduction 

How to address the environmental problems caused by the economic development is a common 

problem faced by the whole world. Over the past 40 years, China has made remarkable 

achievements in economic development. However, the environmental problems caused by 

rapid economic development are still serious (Ai, Hu, Li, & Shao, 2020; Kong, Yang, Liu, & 

Yang, 2020). According to the 2018 Bulletin of China's Ecological Environment issued by the 

Ministry of Ecology and Environment, among 338 prefecture-level cities, only 121 cities met 

the air quality standards, accounting for 35.8% of the total number despite a 6.5% rise compared 

to that in 2017. According to the report of 2018 Global Environmental Performance Index 

released by Yale University, China's environmental performance (EP) ranked 120th among 180 

countries in the world, going down from 109 in 2016, and the relative position changed from 

0.61 to 0.67. 
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To effectively solve the serious environmental degradation caused by economic growth, the 

central government of China has taken several measures, such as the amendment of 

Environmental Law in 2015, the newly implemented policy of environmental protection 

admonishing talk in 2014, changing the mode of economic development from pursuing GDP 

growth to pursing green GDP growth, changing the evaluation system of local officials’ 

promotion, and requiring firms to change economic growth mode from extensive to intensive 

(Li & Ramanathan, 2018a; Tian, Tian, Chen, & Shao, 2020). 

Among these measures, increasing environmental investments (EI) is also an important one. In 

current China, the total amounts of EI include investments in urban environmental 

infrastructure construction, investments in industrial pollution control and “three simultaneous” 

investments in construction projects. “Three simultaneous” investments denote that, for all 

newly built, expanded or reconstructed firms, they are required to design, construct and operate 

both the main projects and the pollution prevention projects simultaneously (Zhang, Li, Uddin, 

& Guo, 2020). Over the past 14 years, the total amounts of EI increased dramatically but the 

ratio of EI to GDP decreased despite an earlier upward trend. The corresponding data can be 

seen in Figure 1.  

**Figure 1** 

Given the overall increase in EI, we are interested to investigate whether EI can lead to better 

EP or not. Hence, we first investigate the direct impact of EI on EP. Besides, scholars (i.e., 

Klassen & Whybark, 1999; Nath & Ramanathan, 2015) have divided the firms’ investments in 

environmental technology portfolios into two types: pollution control and pollution prevention. 

Different types of investments aim to deal with environmental pollution in different ways so 

that they may bring out different outcomes. Broberg, Marklund, Samakovlis, and Hammar 

(2013) divide EI into pollution control investments (PCI) and pollution prevention investments 

(PPI) and find the heterogeneous impacts of different types of investments on firm performance. 

As such, we also divide the total amounts of EI into PCI and PPI and investigate whether or not 

diverse types of investments generate different effect on EP. 

Institutional environment (InsE) is defined as the sum of a series of formal and informal 

institutions (North, 1990). InsE is expected to have an impact on firms’ behaviors in many 

aspects (Hitt & Xu, 2016; Meyer, Estrin, Bhaumik, & Peng, 2009). Given the great importance 

of InsE, the moderating effect of InsE has been studied widely, such as the moderating effect 

of InsE on the link between real earnings management and operating performance (Jiang, Habib, 

& Wang, 2018), the moderating effect of InsE on the relationship between corporate social 

responsibility and FP (Xie, Jia, Meng, & Li, 2017), the moderating role of InsE on the 

association between green supplier integration on social performance (Q. Yang, Geng, & Feng, 
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2020), among others. However, a comprehensive literature survey shows that the moderating 

role of InsE on the EI-EP relationship has been largely overlooked. To fill this gap, this study 

also investigates the impact of EI on EP from the perspective of InsE. Since we divide EI into 

PCI and PPI, we also study whether InsE play its moderating effect on the link between different 

types of investments and EP or not. 

Foreign direct investment (FDI), as an important measure to accelerate the development of 

economy, has also been studied widely, especially the impact of FDI on EP (Adeel-Farooq, 

Abu Bakar, & Raji, 2018; Liu, Wang, Zhang, Zhan, & Li, 2018). However, little is known 

whether FDI can moderate the impact of EI on EP or not. This study therefore aims to extend 

the existing researches by investigating the moderating role of FDI on the EI-EP relationship. 

In addition, this study also investigates whether FDI can play its moderating role on the link 

between diverse categories of investments and EP or not. 

To sum up, this study intends to investigate the impact of EI and diverse types of investments 

on EP, the moderating effects of InsE and FDI on the relationship between EI and EP and on 

the relationship between diverse types of investments and EP. To address the above questions, 

we gather the data from various statistic yearbooks and the Wind database during the period of 

2004 to 2015.  

Compared with the existing studies, this study makes several contributions. The extant literature 

on the mechanisms or routes through which EI can have an influence on EP is particularly 

limited. Hence, we first contribute to the literature by incorporating InsE into the research 

framework and investigate its moderating effect both on the relationship between EI and EP 

and the relationship between diverse categories of investments and EP.  

Second, we also extend the literature by investigating the moderating role of FDI both on the 

relationship between EI and EP and the relationship between diverse categories of investments 

and EP. By incorporating InsE and FDI as two moderators, we provide a new and better 

perspective for understanding the link between EI and EP. 

Third, studies on the impact of EI on EP in emerging markets have been largely ignored (Chang, 

Li, & Lu, 2015). The majority of existing studies are conducted in developed markets with 

better InsE. Compared with developed countries, the overall InsE in China, the biggest 

developing country, may be weaker as policy implementation and legal enforcement are usually 

much weaker (Chang et al., 2015; Hitt & Xu, 2016). Besides, InsE within China also varies 

significantly across different regions due to the unbalanced regional development (Lo, Fryxell, 

& Van Rooij, 2009). On the other side, both the overall FDI and FDI among different regions 

within China show different patterns compared with that of developed countries (Zhang et al., 

2020). Given that InsE and FDI may jointly affect the link between EI and EP, the existing 



 4 

differences with developed countries make China become a valuable research setting. In sum, 

since our study is conducted in the Chinese context, we can obtain new empirical evidence from 

an emerging country. 

The rest of our study is structured as follows. Section 2 reviews the literature and develops 

hypotheses. Section 3 presents the data and methodology. Results and discussions are available 

in Section 4. The conclusions of this study are provided in Section 5. 

 

2.Literature review and hypotheses development 

2.1 The impact of EI on EP 

Hart (1995) extends the traditional resource-based view (RBV) by incorporating the natural 

environment into the research framework and names the updated theory as Natural resource-

based view (NRBV). NRBV can aid to explain the theoretical mechanism through which the 

association between environmental initiatives and performance can be established. According 

to NRBV, the accumulated capabilities of resolving environmental issues form the basis of 

firms’ competitive advantages (Hart, 1995; Hart & Dowell, 2011). A firm’s ability to deal with 

the natural environment could be developed into an organizational capability. Firms that 

attempt to include the natural environment into their organization capabilities successfully can 

obtain sustainable competitive advantages (Hart & Dowell, 2011). Hence, as a response to the 

increasing environmental pressures, firms should allocate their resources and capabilities more 

in environmental management practices with a long-term focus rather than a short-term focus 

so as to achieve competitive advantages (Yadav, Han, & Kim, 2017; You, Zhang, & Yuan, 

2019).  

As an important component of environmental management practices, EI which aims to resolve 

environmental pollution requires firms to integrate the environmental problems into the 

strategic process. Hence, EI can help firms accumulate capabilities in dealing with the natural 

environment, which can further bring firms competitive advantages (Klassen & Whybark, 

1999). However, compared with pollution control, NRBV emphasizes that the strategic 

capabilities that accumulated in pollution prevention can bring more competitive advantages to 

firms (Hart, 1995; Hart & Dowell, 2011). 

Given that EI can bring competitive advantages for firms, firms can have incentives to invest 

more on environmental issues. During this process, EI will also help to improve EP through 

reducing waste or pollution emissions in their production process, improving the utilization 

efficiency of resources, decreasing of energy consumption, engaging in environmental 

innovation or eco-design, among others (Alam, Atif, Chien-Chi, & Soytaş, 2019; Figge & Hahn, 

2013; López-Gamero, Molina-Azorín, & Claver-Cortés, 2009). 
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The positive impact of environmental management practices or EI on EP has been proved by 

scholars. Klassen and Whybark (1999) demonstrate the positive impact of environmental 

management on EP from the theoretical perspective. Zhu and Sarkis (2004) suggest that both 

internal environment management and eco-design can be beneficial to EP. Yu and Ramanathan 

(2016) confirm that environmental management practices can lead to better EP in UK 

manufacturing firms. Betts, Super, and North (2018) find that environmental practices 

including internal monitoring, supplier monitoring and environmental management system 

contribute to the improvement of EP. Hartmann and Vachon (2018) suggest that the 

improvement of environmental management capabilities can result in superior EP. In terms of 

EI, Simpson (2012) proves that investments in waste reduction resources can be beneficial to 

the decrease in waste in a group of U.S. manufacturers. Testa, Gusmerottia, Corsini, Passetti, 

and Iraldo (2016) underline that EI plays a positive effect on EP in Italy. Hence, we posit the 

first hypothesis. 

H1a: Environmental investments have a positive impact on environmental performance. 

From the holistic perspective, the increasing in EI is expected to improve EP. However, when 

we look deeper into the different types of investments, their effects on EP may change. As 

elaborated earlier, diverse categories of investments all aim to mitigate the negative influence 

of firms’ activities on the natural environment, but they deal with environment pollution in 

different ways (Broberg et al., 2013). PCI aims to collect and remove pollution after its creation, 

prevent the spread of and measure the level of the pollution, and treat and dispose of pollutants 

(Eurostat, 2005). Hence, PCI cannot generally reduce the total amount of environmental 

pollutants either release to the environment or disposed of (Klassen & Whybark, 1999). Since 

the total amount of environment pollutants is not expected to reduce significantly, EP cannot 

improve accordingly.  

On the contrary, PPI can refer to capital expenditures for new, or adaptation of, existing 

methods, technologies, processes and equipment, which aim to prevent or reduce the amount 

of pollution created at the source (Eurostat, 2005). Through PPI, the total amount of 

environmental pollutants released into the environment and disposed of is expected to reduce 

significantly (Klassen & Whybark, 1999). Thus, EP can improve accordingly. Hence, we 

propose the following hypotheses.  

H1b: Pollution control investments do not have a significant impact on environmental 

performance. 

H1c: Pollution prevention investments have a positive impact on environmental performance. 

2.2 The moderating role of InsE 
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In the past few decades, InsE in China has improved a lot (Hitt & Xu, 2016). However, similar 

to other transition economies, Chinese firms currently still face a series of institutional 

constraints such as the lack of legal protection, excessive government intervention, 

underdeveloped financial development, among others (Lu, Xu, & Liu, 2009; S. Zeng, Qin, & 

Zeng, 2019). Moreover, during the process of China's transition from a planned economy to a 

market-based economy, InsE in different regions are significantly different due to historical, 

geographical, cultural and policy factors (Hitt & Xu, 2016). Generally, a better InsE means a 

better market mechanism, lower government governance and high level of ‘rule by law’ (Meyer 

et al., 2009; S. Zeng et al., 2019). Moreover, firms located in regions with better InsE may also 

face greater institutional pressures, greater competitive pressures and less uncertainty. The 

combination of these factors can have a positive impact on firms’ environmental actions and 

prompt firms to increase more different types of investments (i.e., PCI and PPI), further reduce 

the adverse impact on the environment(X. Yang, He, Zhong, & Wang, 2020). Drawing on 

NRBV, the capabilities that firms accumulated in dealing with the environment via different 

types of investments can help firms achieve competitive advantages. Accordingly, EP will 

improve simultaneously. Several relevant studies have confirmed the positive moderating effect 

of InsE. S. Zeng et al. (2019) find that InsE can strengthen the positive role of environmental 

responsibility on investment efficiency. Jiang et al. (2018) show that InsE can positively 

moderate the influence of real earnings management on operating performance. Xie et al. (2017) 

suggest that InsE positively moderate the connection between corporate social responsibility 

and FP in Vietnam. 

On the contrary, in regions with worse InsE, firms generally face smaller institutional and 

competitive pressures and greater uncertainty. Therefore, the incentives for firms to increase all 

types of investments can be relatively smaller, which can further weaken the impact on EP. The 

negative moderating effect of worse InsE has also been proved. Wei, Shen, Zhou, and Li (2017) 

show that dysfunctional InsE such as legal incompleteness negatively moderates the impact of 

environmental corporate social responsibility on legitimacy. Lin, Cheng, and Zhang (2017) 

reveal that firms in regions with weaker InsE are more likely to avoid tax through corporate 

social responsibility reports.  

Looking at the moderating effect of InsE on the link between different types of investments and 

EP, PCI may not be able to improve EP directly, but InsE can offset this deficiency of PCI and 

improve EP. PPI is expected to improve EP inherently and such improvement can be greater in 

regions with better InsE. Hence, InsE can positively moderate the link between different types 

of investments and EP. Based on what discussed above, we propose the following hypotheses. 
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H2a: Institutional environment can positively moderate the effect of environmental investments 

on environmental performance. 

H2b: Institutional environment can positively moderate the effect of pollution control 

investments on environmental performance. 

H2c: Institutional environment can positively moderate the effect of pollution prevention 

investments on environmental performance. 

2.3 The moderating role of FDI  

The inflows of FDI can help to accelerate economic growth via transferring knowledge, 

management skills, advanced technologies and creating job opportunities (Adeel-Farooq et al., 

2018; Tang & Tan, 2015). Local governments may thus take a series of measures to attract FDI 

and promote economic growth. On the other hand, to prevent environmental degradation caused 

by the economic development, the central government has improved the intensity of 

environmental regulation in recent years (Tian et al., 2020; Zhang et al., 2020). Besides, the 

central government of China has also changed the evaluation system of local officials from 

GDP to Green GDP since 2009. The new assessment system requires local officials to develop 

the economy and preserve the environment at the same time. If the environmental protection is 

not fulfilled well, there is no chance for the promotion, namely one-vote veto system(Li & 

Ramanathan, 2018a; Wu, Li, Hao, Ren, & Zhang, 2020). Hence, during the process of 

developing the economy, local officials also need to mitigate the adverse impact on the 

environment. These two factors jointly lead local governments to give priority to the quality of 

FDI inflows and avoid the adverse effects of FDI on the environment when seeking FDI. 

According to Pollution Heaven Hypothesis, polluting industries are likely to relocate in regions 

with laxer environmental regulations so as to reduce their compliance costs (Copeland & Taylor, 

1994; D. Z. Zeng & Zhao, 2009). However, when local governments attach importance to the 

quality of FDI, FDI from polluting industries can hardly inflow so that Pollution Heaven 

Hypothesis cannot be supported.  

Generally, high quality FDI can bring some cleaner production technologies and advanced 

management experience so that FDI exert its technological spillover effects and play a positive 

role in the improvement of EP (Jin, Du, Long, & Boamah, 2019; Shahbaz, Nasreen, Abbas, & 

Anis, 2015). NRBV can be used to predict the impact of FDI; the resources and capabilities 

brought by high quality FDI can help firms to solve environmental problems, so they can further 

help firms to gain competitive advantages and improve EP simultaneously. Jin et al. (2019) 

reveal the positive mechanism of FDI on environmental quality. Al-mulali and Foon (2013) 

prove that the link between FDI and CO2 emissions is negative in the Gulf Cooperation Council 

countries. Similarly, Shahbaz et al. (2015) demonstrate that FDI does not deteriorate the 
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environment for high-income countries. The positive impact of FDI on EP has also been found 

in China (Pan, Zhang, Li, Quan, & Li, 2018). More specifically, Zhang et al. (2020) show that 

FDI can help to reduce the intensity of carbon emissions both in eastern and central China. In 

sum, the inflows of high quality FDI can strengthen the positive impact of EI on EP.  

Given PPI is expected to contribute to the improvement of EP, FDI can positively moderate the 

impact of PPI on EP. With respect to PCI, the technological spillover effects brought by high 

quality FDI can help to resolve the environmental issues effectively, which can overcome the 

deficiency that PCI cannot directly improve EP. Hence, PCI can positively moderate the link 

between PCI and EP. Based on what discussed above, we propose the following hypotheses. 

H3a: FDI can positively moderate the impact of environmental investments on environmental 

performance. 

H3b: FDI can positively moderate the impact of pollution control investments on environmental 

performance. 

H3c: FDI can positively moderate the impact of pollution prevention investments on 

environmental performance. 

On the basis of the above discussions, we construct the conceptual framework of this study in 

Figure 2. 

**Figure 2** 

 

3.Data and methodology 

3.1 Data and sample 

The data that used in this study is collected at the provincial level. Tibet is not included in our 

study because of the availability of data. Finally, 30 provinces, autonomous regions and 

municipalities in mainland China are included in the study. Besides, the data for the 

measurement of EP is collected from China Environmental Statistics and the data is only 

available from 2004 to 2015. Hence, the research periods of this study cover from 2004 to 2015 

finally.  

3.2 Variable measurements 

3.2.1 Dependent variable 

From the nature of EP, EP is largely reflected in the number of environmental pollutants that 

release or discharge to the natural environment (Klassen & Mclaughlin, 1996). Therefore, the 

amount of pollution emissions is frequently employed to measure EP. Some scholars have 

directly used the publicly released data on the amount of pollution emissions to measure EP, 

such as the intensity of industrial waste emissions (Trumpp & Guenther, 2015), greenhouse gas 

emissions (Alam et al., 2019), or comprehensive index calculated on the basis of various types 
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of pollution emissions (Li & Ramanathan, 2018b, 2018a), among others. Some scholars also 

use the databases developed by the third independent parties to capture EP, such as Toxic 

Release Inventory (Cordeiro & Sarkis, 1997), Kinder, Lyndenberg, Domini index (Delmas, 

Nairn-Birch, & Lim, 2015), Council on Economic Priorities rankings (Bragdon & Marlin, 

1972), Britain's Most Admired Companies (Elsayed & Paton, 2009), European Pollutant 

Release and Transfer Register (Testa et al., 2014), among others. It is worthy to note that the 

data provided by the third parties also consist of pollution emissions. In addition, some scholars 

also adopt the rankings of environment or environmental certifications (Jacobs, Singhal, & 

Subramanian, 2010), the results of questionnaires (Hens et al., 2010) to measure EP.  

To fully reflect the impact of each province on the natural environment, following Li and 

Ramanathan (2018a), our study selects six main environmental pollutants that each province 

releases to air, water and land to measure EP. The details of environmental pollutants include 

in this study can refer to Table 1. 

**Table 1** 

Given that the units of different types of environmental pollutants are different, following Li 

and Ramanathan (2018a) and Zhao and Sun (2016), we also use the comprehensive index 

method to aggregate different types of environmental pollutants. Another advantage of this 

method is that it can further eliminate the effect of different scales as the industrial output values 

of different provinces can be different so as to construct a comprehensive index for EP. The 

details of this calculation process can refer to Li and Ramanathan (2018a). The final calculation 

results are used as an indicator for EP. The higher the calculation results are, the better EP is. 

3.2.2 Independent variable  

Unlike other variables, EI can be measured directly. As mentioned earlier, the total amounts of 

EI in current China include three aspects: investments in urban environmental infrastructure 

construction, investments in industrial pollution control and “three simultaneous” investments 

in construction projects (Zhang et al., 2020). According to the purposes of different types of 

investments, we further divide the total amounts of EI into PCI and PPI. Since investments in 

industrial pollution control aim to treat and dispose the pollution after its creation, it can be 

classified as PCI. Given that investments in urban environmental infrastructure construction 

and “three simultaneous” investments aim to reduce or prevent the pollution before their initial 

generation, they can be classified as PPI. Overall, we use EI, PCI and PPI as sperate independent 

variables in this study. To further control the effect of different development levels of the 

economy, EI, PCI and PPI are divided by GDP in each province. The data for the measurement 

of different types of investments is collected from China Statistical Yearbook on Environment. 
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3.2.3 Moderators 

Institutional environment (InsE) 

For the measurement of InsE, most of the existing studies use the score of marketization index, 

especially in the Chinses research setting (Chen, Wang, Li, Sun, & Tong, 2015; Lin et al., 2017; 

S. Zeng et al., 2019). Marketization index was first developed by Fan and Wang from the 

National Economic Research Institute in 2001. The newest version of marketization index was 

released in 2019 and the periods cover from 2008 and 2016 (Wang, Fan, & Hu, 2019). 

Marketization index is appraised at five dimensions: (i) the relationship between the 

government and the market, (ii) the development of the non-state sector, (iii) the development 

of the factor markets, (iv) the development of the product markets, and (v) the development of 

market intermediaries and the legal environment. Following the common practice of existing 

studies, we also employ marketization index of each province to capture InsE in this study. 

Regions with higher score of marketization index mean that their InsE is better. The data for 

marketization index is collected from the Wind database. The missing data of marketization 

index from 2004 to 2007 have been supplemented by the interpolation method. 

FDI 

Similar to EI, FDI can also be measured directly. The number of FDI that each province 

attracted every year is employed to measure FDI. The number of FDI is further divided by the 

population of each province to eliminate the effect of different scales, namely per capita FDI. 

3.2.4 Control variables 

To ensure our regression results not affected by other unobservable factors, we control several 

variables on the basis of existing literature. The details of control variables can be seen in Table 

2. Relevant data for control variables is collected from China Energy Statistical Yearbook, 

China Statistical Yearbook on Science and Technology, China Environmental Statistics and 

China Industry Statistical Yearbook. To control the effect of extreme values, continuous 

variables are winsorized at 1% and 99% levels. 

**Table 2** 

3.3 Model specification 

To verify the direct impact of EI on EP, we construct Model 1. 

𝐸𝑃𝑖𝑡 = 𝑐 + 𝛽1𝐸𝐼𝑖𝑡+𝛽2𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡+𝛽3𝑅&𝐷𝑖𝑡+𝛽4𝑆𝑐𝑎𝑙𝑒𝑖𝑡+𝛽5𝑃𝑒𝑟_𝐺𝐷𝑃𝑖𝑡+𝛽6𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒𝑖𝑡 + 𝜀𝑖𝑡  

Model 1 

To further test the moderating effects, we incorporate the moderators (InsE and FDI) and the 

interaction terms (EI*InsE and EI*FDI) into separate regression models (see Model 2 and 3). 

To reduce the potential threat of multi-collinearity, we center the interaction terms before 

incorporating them into the models (Aiken & West, 1991). 
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𝐸𝑃𝑖𝑡 = 𝑐 + 𝛽1𝐸𝐼𝑖𝑡+𝛽2𝐼𝑛𝑠𝐸𝑖𝑡+𝛽3𝐸𝐼𝑖𝑡 ∗ 𝐼𝑛𝑠𝐸𝑖𝑡 +

𝛽4𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡+𝛽5𝑅&𝐷𝑖𝑡+𝛽6𝑆𝑐𝑎𝑙𝑒𝑖𝑡+𝛽7𝑃𝑒𝑟_𝐺𝐷𝑃𝑖𝑡+𝛽8𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒𝑖𝑡 + 𝜀𝑖𝑡                   

Model 2  

𝐸𝑃𝑖𝑡 = 𝑐 + 𝛽1𝐸𝐼𝑖𝑡+𝛽2𝐹𝐷𝐼𝑖𝑡+𝛽3𝐸𝐼𝑖𝑡 ∗ 𝐹𝐷𝐼𝑖𝑡 +

𝛽4𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡+𝛽5𝑅&𝐷𝑖𝑡+𝛽6𝑆𝑐𝑎𝑙𝑒𝑖𝑡+𝛽7𝑃𝑒𝑟_𝐺𝐷𝑃𝑖𝑡+𝛽8𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒𝑖𝑡 + 𝜀𝑖𝑡          Model 3 

Table 3 reports the results of descriptive statistics. Both EP and InsE show great differences 

among different regions as the standard deviation values of the two variables are relatively high 

(1.398 and 1.841, respectively). Besides, the mean values of EI are 1.326%, which indicate EI 

only accounts for a small proportion of GDP. The proportion in developed countries is around 

2.5% (Zhang et al., 2020). Hence, there is still much room for the increase in EI. For FDI, some 

regions show great advantages in attracting FDI as the mean values of FDI are higher than the 

median values of FDI.  

**Table 3** 

We also divide the whole sample into different groups and test whether the mean values and 

median values of key variables are significantly different or not. The results shown in Table 4 

are the whole sample divided by the annual median value of InsE. Seeing from Table 4, all 

types of investments in regions with better InsE are significantly less than that in regions with 

worse InsE. However, EP in regions with better InsE is significantly higher than those in regions 

with worse InsE. The results shed light on that a better InsE can offset regions’ insufficiency in 

investments and improve regions’ EP as well.  

**Table 4** 

Table 5 reports the differences in key variables divided by the annual median value of FDI. 

There are no significant differences in EI and PPI between regions with high FDI and regions 

with low FDI. Besides, PCI in regions with high FDI are significantly lower than that in regions 

with lower FDI. Nevertheless, EP in regions with high FDI is significantly higher than that in 

regions with low FDI. In view of what presented above, regions with high FDI can also 

contribute to EP despite the lack of EI.  

**Table 5** 

The results of correlation analysis among different variables are available in Table 6. It is 

surprising to find that EI is negatively and insignificantly correlated with EP (β=-0.022, p=n.s.). 

In addition, InsE and EI are negatively correlated (β=-0.277, p<0.01), but InsE is associated 

with EP positively (β=0.492, p<0.01). Similarly, FDI is also negatively associated with EI (β=-

0.107, p<0.01), but FDI is positively associated with EP (β=-0.107, p<0.01; β=0.757, p<0.01). 

It is also remarkable that some correlation coefficients between different variables are quite 

high (over 0.7). In case of the multi-collinearity problem, we further test the variance inflation 
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factors (VIF) values. The results show both the highest values and the mean values are under 

10, thereby, multi-collinearity can be avoided in our analysis (Mason & Perreault, 1991). 

**Table 6** 

4. Results and discussions 

4.1 Regression results 

4.1.1 The impact of EI on EP 

We employ the fixed-effect model to conduct the regression analysis on the basis of Hausman 

test results. The regression results are reported in Table 7.  

The results of Model 1 suggest that EI can affect EP positively (β=0.1070, p<0.1). It proves 

that the increase in EI can stimulate the improvement of EP. Hence, H1a is supported. For PCI, 

it demonstrates that PCI does not have a significant impact on EP (β=-0.4198, p=n.s.). For PPI, 

the results are consistent with the results of the influence of EI on EP. It proves that PPI plays 

a positive role in EP (β=0.1296, p<0.05). Thus, both H1b and H1c are supported. 

We also report the regression results only with control variables at the second column of Table 

7. The results show that R&D plays a negative role in EP (β=-43.4634, p<0.01). These results 

are in accord with the research conducted by Ezzi and Jarboui (2016) and Lee, Cin, and Lee 

(2016). The reason may lie in that R&D expenditure that firms invest focuses more on technical 

innovation rather than eco-innovation. Hence, R&D expenditure may not contribute to EP but 

financial performance (Ezzi & Jarboui, 2016). Besides, Energy does not have a significant 

impact on EP (β=0.1940, p=n.s.). Our results confirm the observations made by Adeel-Farooq 

et al. (2018) who also show the insignificant impact of energy consumption on EP in nine 

selected Asian developing countries. 

**Table 7** 

4.1.2 The moderating effect of institutional environment 

Relevant results of the moderating effect of InsE are shown in Table 8. The results show that 

the interaction term (EI*InsE) plays a positive role in EP (β=0.0846, p<0. 01). Hence, InsE can 

positively moderate the link between EI and EP. In regions with better InsE, a small increase 

in EI can lead to a greater improvement of EP. Therefore, H2a is also supported. Figure 3 

depicts the moderating role of InsE on the relationship between EI and EP. In terms of the 

moderating effect of InsE on the connection between PCI and EP, the direct impact of PCI on 

EP becomes negative (β=-0.5460, p<0.1), and the interaction term (PCI*InsE) is not significant 

(β=-0.2355, p=n.s.). It proves that InsE does not play a moderating effect on the link between 

PCI and EP. H2b is thus rejected. On the contrary, the interaction term (PPI*InsE) have a 

significant influence on EP (β=0.0934, p<0.01). Hence, InsE can positively moderate the link 

between PPI and EP, which supports H2c.  
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**Table 8** 

**Figure 3** 

 

4.1.3 The moderating effect of FDI  

Table 9 reports the results of the moderating effect of FDI. The interaction term (EI*FDI) also 

plays a positive role in EP (β=0.0184, p<0.01). The results provide evidence that FDI can 

moderate the impact of EI on EP positively. Therefore, H3a is supported. The results confirm 

that the increase in EI in regions with high FDI can lead to a greater improvement in EP. The 

moderation effect of FDI on the link between EI and EP can be seen in Figure 4. In addition, 

the moderating role of FDI on the relationship between PCI and EP has also been confirmed, 

as the interaction term (PCI*FDI) turn out to be positive (β=0.0411, p<0.05). The results of the 

moderating role of FDI on the relationship between PPI and EP are similar. FDI can also 

positively moderate the impact of PPI on EP as the interaction term (PPI*FDI) is also 

significantly positive (β=0.0179, p<0.01). Hence, both H3b and H3c are supported.  

**Table 9** 

**Figure 4** 

4.2 Discussions and implications 

In line with NRBV, our results prove that EI plays a positive role in EP. These results are 

consistent with prior studies (Betts et al., 2018; Simpson, 2012; Yu & Ramanathan, 2016). 

Hence, the increase in EI is beneficial to the improvement of EP. We have brought out the 

importance of disaggregating EI into PPI and PCI as we have demonstrated that PPI plays a 

more positive role in improving EP than the aggregated EI. We have also demonstrated that 

PCI does not have a significant impact on EP. Hence, to address the environmental problems 

and improve EP, it is crucial to encourage local governments and firms to increase EI, especially 

PPI.  

Besides, drawing on the explanatory power of NRBV, our results confirm that the positive 

impact of EI on EP can be strengthened in regions with better InsE. A better InsE can not only 

address the insufficient investments in environmental initiatives, but also improve EP at the 

same time. Hence, the importance of a better InsE is highlighted. To better improve EP, apart 

from the increase in EI, it is crucial for local governments to strengthen InsE. The positive 

moderating effect of InsE is also found on the link between PPI and EP. Hence, the importance 

of more PPI is confirmed again as PPI can benefit more to EP compared with PCI.  

The results on the moderating role of FDI are more interesting in that FDI has positive 

moderating impact on the links between EI and EP, PPI and EP and, in contrast to the previous 

results, also on the link between PCI and EP. As highlighted earlier, this result can be supported 
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based on NRBV as the resources and capabilities brought by high quality FDI play a significant 

moderating role towards improving EP. The inflows of FDI can offset the insufficient local 

investments and improve EP as well. Our results are inconsistent with some previous studies. 

Part of previous studies have indicated that governments may lead to a ‘race-to-the-bottom’ 

competition to attract FDI for promoting economic development through lowering the entry 

barriers for FDI, especially in some developing countries(Ouyang et al., 2019). Hence, FDI 

from polluting industries can be easily attracted, which is very detrimental to the improvement 

of EP. The negative effect of FDI on EP has been proved in Malaysia (Bin & Binti, 2012), 

Indian (Acharyya, 2009), Pakistan (Khalil & Inam, 2006) and Vietnam (Tang & Tan, 2015), 

nine selected Asian developing countries (Adeel-Farooq et al., 2018). However, our results 

prove that the competition of different Chinese regions in attracting FDI does not lead to the 

‘race-to-the-bottom’ competition. Conversely, the quality of FDI inflows in recent years is 

relatively high. The technological spillover effects caused by high quality FDI inflows have an 

important effect on improving EP. Hence, the positive moderating role of FDI has been 

confirmed. The results are also instructive for local governments as attracting high quality FDI 

is conducive to improve EP. 

Lastly, Heaven Pollution Hypothesis is not supported in the Chinese context as FDI does not 

have a negative moderating effect on the EI-EP link and the link between diverse types of 

investments and EP. The results are similar to the conclusions reported by Pan et al. (2018) and 

Zhang et al. (2020). The key reason may lie in that the stringency of environmental regulation 

has been improved and the mode of economic development has changed from pursing GDP 

growth to pursuing green GDP growth. Green GDP is the outcome that deduct the cost of 

resource consumption and environmental degradation from GDP (Wang, Sun, Wang, Zhang, 

& Zou, 2018). In addition to the quantity of economic growth, green GDP emphasizes more on 

the quality of economic growth. Accordingly, the basis for local officials’ promotion has 

gradually shifted from GDP to green GDP. Hence, for local officials, they need to take measures 

to develop the economy as well as protect the environment simultaneously (Li & Ramanathan, 

2018a). When seeking FDI inflows to accelerate economic growth, local governments must 

consider the quality of FDI. Thus, FDI from pollution industries is hard to inflow and Pollution 

Heaven Hypothesis cannot be supported.  

The positive moderating impact of FDI may have been strengthened by the similar positive 

impact of InsE as there may be synergies between better InsE and high FDI. Better institutional 

environment can attract high quality FDI without negatively impacting EP while better quality 

FDI may also support building better InsE. However, this synergy can be explored in future 

studies.  
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Our empirical findings are beneficial to policy makers. First, since the increase in EI is the 

direct driving force to improve EP, it is necessary to encourage local governments and firms to 

increase EI. Moreover, PPI is more encouraged as PPI have a positive impact on EP, but PCI 

does not have a significant impact. Second, in regions with better InsE, a small increase in EI 

can lead to a great improvement in EP. A better InsE is beneficial for the improvement of EP. 

Hence, local governments should cultivate a better InsE. Third, our results prove that FDI can 

positively moderate the impact of investments on EP, but the inflows of high quality FDI is 

highlighted. High quality FDI inflows can contribute to EP despite the lack of EI. Hence, local 

governments should attract some high quality FDI inflows to improve EP. 

 

5. Conclusions 

Using data from different statistical yearbooks and the Wind database during the period from 

2004 to 2015, our study has proved that EI has a positive impact on EP. More specifically, PPI 

plays a more positive role in EP than EI, but PCI does not have a significant effect on EP. 

Besides, both InsE and FDI can positively moderate the impact of EI on EP. The increase in EI 

in regions with better InsE or high FDI can lead to the greater improvement of EP. These 

moderating effects are also confirmed on the relationship between PPI and EP. For the 

relationship between PCI and EP, FDI plays a moderating role, but InsE does not. 

This study makes several contributions to the literature. One contribution is confirmation of 

moderating roles of InsE and FDI. By incorporating these two moderators, our results provide 

deeper insights into the EI-EP connection and the relationship between different categories of 

investments and EP. Our results reinforce the existing views that EI, and specifically PPI, can 

improve EP, but further contribute to the understanding of the positive moderating roles played 

by InsE and FDI on the link between EI and EP. The other contribution is that this study is 

conducted in the Chinese context so that it can provide new evidence from an emerging country.  

We also highlight the limitations of our study. It is conducted at the provincial level. Future 

studies can investigate the research questions at the firm level and test whether our results are 

robust or not. Second, the differences in InsE and FDI between China and developed countries 

make it become a valuable research setting. However, the unique research setting may also limit 

the generalizability of the conclusions. Hence, future studies can conduct the similar research 

in other emerging countries. Further, the synergy between InsE and FDI can be further explored 

using suitable empirical studies. 
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Table 1 The details of environmental pollutants included in this study 

Type Description Unit  

Waste water 
The total volume of industrial waste water discharged 10000 tons 

The total volume of chemical oxygen demand discharged 10000 tons 

Waste gas 

The total volume of industrial waste gas emissions 100 million cu.m 

The total volume of industrial soot and dust emissions 10000 tons 

The total volume of industrial sulphur dioxide emissions 10000 tons 

Waste solid The total volume of industrial solid wastes discharged 10000 tons 

 

 

Table 2 The details of control variables 

Variable Definitions References 

Energy 
Energy consumption (in 10000 tce) divided by GDP (in 100 million 

yuan) 

(Adeel-Farooq et al., 

2018) 

R&D 
Intramural R&D expenditure (in 100 million yuan) scaled by industrial 

output value (in 100 million yuan) 
(Alam et al., 2019) 

Scale 
Industrial output value (in 100 million yuan) divided by the number of 

industrial enterprises (in unit) 

(Li & Ramanathan, 

2018a) 

Per_GDP Per capita GDP (in 10 thousand yuan/capita) 
(He, Wang, Wang, 

& Wang, 2018) 

Structure 
The secondary industry’s GDP (in 100 million yuan) divided by GDP 

(in 100 million yuan) 
(Zhang et al., 2020) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 24 

Table 3 Descriptive statistics of all variables 

Variable N Mean S.D. Median Min Max 

EP 360 0.637 1.398 0.114 0.012 7.865 

EI (%) 360 1.326 0.613 1.196 0.456 3.399 

PCI (%) 360 0.171 0.134 0.142 0.021 0.753 

PPI (%) 360 1.154 0.581 1.017 0.354 3.131 

InsE 360 6.362 1.841 6.155 2.55 10.800 

FDI 360 0.225 0.335 0.076 0.007 1.755 

Energy 360 1.163 0.638 0.985 0.401 3.744 

R&D 360 0.024 0.026 0.019 0.004 0.164 

Scale 360 2.451 1.579 1.975 0.581 8.418 

Per_GDP 360 3.321 2.17 2.866 0.597 10.380 

Structure 360 0.476 0.077 0.491 0.227 0.595 

 

 

Table 4 The mean and median differences of key variables divided by InsE 

Variable 

Better institutional environment Worse institutional environment 

Mean Difference Chi2 
N Mean Median N Mean Median 

EP 180 1.118 0.269 180 0.156 0.075 0.962*** 54.444*** 

EI (%) 180 1.193 1.130 180 1.458 1.270 -0.265*** 5.378** 

PCI (%) 180 0.132 0.109 180 0.210 0.169 -0.078*** 27.778*** 

PPI (%) 180 1.061 0.998 180 1.246 1.113 -0.185*** 2.844* 

Note：*p<0.1; **p<0.05; ***p<0.01. 

 

 

Table 5 The mean and median differences of key variables divided by FDI  

Variable 

High FDI  Low FDI  

Mean Difference Chi2 
N Mean Median N Mean Median 

EP 180 1.177 0.385 180 0.097 0.069 1.080*** 106.711*** 

EI (%) 180 1.289 1.184 180 1.362 1.223 -0.073 0.711 

PCI (%) 180 0.140 0.115 180 0.201 0.158 -0.061*** 17.778*** 

PPI (%) 180 1.147 1.029 180 1.160 0.983 -0.013 0.178 

Note：*p<0.1; **p<0.05; ***p<0.01. 
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Table 6 Correlation analysis 

Variable EP EI PCI PPI InsE FDI Energy R&D Scale Per_GDP Structure 

EP 1             

    

EI -0.022 1   

       

PCI -0.217*** 0.338*** 1         

PPI 0.028 0.974*** 0.120** 1        

InsE 0.492*** -0.277*** -0.251*** -0.233*** 1 

      

FDI 0.757*** -0.107** -0.278*** -0.049 0.596*** 1 

     

Energy -0.297*** 0.235*** 0.593*** 0.110** -0.525*** -0.429*** 1 

    

R&D 0.644*** 0.0220 -0.276*** 0.088* 0.414*** 0.404*** -0.396*** 1 

   

Scale 0.671*** 0.042 -0.256*** 0.103* 0.323*** 0.659*** -0.325*** 0.394*** 1 

  

Per_GDP 0.590*** 0.135** -0.302*** 0.212*** 0.503*** 0.751*** -0.568*** 0.516*** 0.656*** 1 

 

Structure -0.391*** 0.086 0.222*** 0.038 -0.041 -0.274*** 0.174*** -0.456*** -0.234*** -0.129** 1 

Note：*p<0.1; **p<0.05; ***p<0.01. 
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Table 7 The impact of EI on EP 

Variable Controls (1) (2) (3) 

EI  0.1070*   

  (1.674)   

PCI   -0.4198  

   (-1.349)  

PPI    0.1296** 

    (1.996) 

Energy 0.1940 0.1869 0.2100 0.1896 

 (1.343) (1.298) (1.451) (1.319) 

R&D -43.4634*** -42.9013*** -43.9239*** -42.9550*** 

 (-6.058) (-5.990) (-6.123) (-6.012) 

Scale 0.0848** 0.0856** 0.0861** 0.0864** 

 (2.127) (2.154) (2.163) (2.176) 

Per_GDP 0.1389** 0.1488*** 0.1360** 0.1501*** 

 (2.486) (2.656) (2.435) (2.685) 

Structure 1.7901** 1.7347** 1.8838** 1.7550** 

 (2.208) (2.144) 0.2100 (2.175) 

_cons 0.0061 -0.1092 0.0300 -0.1252 

 (0.012) (-0.217) (0.060) (-0.249) 

Year Controlled Controlled  Controlled  Controlled  

N 360 360 360 360 

R2 0.1536 0.1611 0.1585 0.1642 

Adj-R2 0.0323 0.0378 0.0348 0.0414 

F 3.5607 3.5353 3.4670 3.6174 

Note: T-statistics in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01. 
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Table 8 The moderating effect of institutional environment 

Variable 
EI PCI PPI 

(1) (2) (3) 

EI/PCI/PPI 0.1586** -0.5460* 0.1830*** 

 (2.442) (-1.682) (2.789) 

InsE 0.1014 0.1136* 0.1029 

 (1.554) (1.737) (1.585) 

EI*InsE 0.0846***   

 (2.771)   

PCI*InsE  -0.2355  

  (-1.376)  

PPI*InsE   0.0934*** 

   (3.020) 

Energy 0.1539 0.2099 0.1462 

 (1.075) (1.452) (1.023) 

R&D -47.5978*** -46.1331*** -47.9666*** 

 (-6.596) (-6.361) (-6.675) 

Scale 0.0831** 0.0797** 0.0849** 

 (2.102) (1.993) (2.157) 

Per_GDP 0.1400** 0.1079* 0.1306** 

 (2.531) (1.845) (2.364) 

Structure 1.5730* 1.7372** 1.5800** 

 (1.963) 0.2099 (1.982) 

_cons -0.5504 -0.4997 -0.5281 

 (-0.896) (-0.820) (-0.862) 

Year Controlled Controlled Controlled 

N 360 360 360 

R2 0.1903 0.1710 0.1972 

Adj-R2 0.0653 0.0430 0.0733 

F 3.8459 3.3757 4.0206 

Note: T-statistics in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01. 
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Table 9 The moderating effect of FDI  

Variable 
EI PCI PPI 

(1) (2) (3) 

EI/PCI/PPI 0.1388** 0.1684 0.1489** 

 (2.450) (0.419) (2.563) 

FDI 0.5761*** 0.9421** 0.3188 

 (2.593) (2.545) (1.427) 

EI*FDI 0.0184***   

 (9.293)   

PCI*FDI  0.0411**  

  (2.151)  

PPI*FDI   0.0179*** 

   (8.830) 

Energy 0.2009 0.2064 0.1821 

 (1.553) (1.407) (1.397) 

R&D -42.2256*** -43.3865*** -42.6159*** 

 (-6.644) (-6.052) (-6.649) 

Scale 0.1101*** 0.0782** 0.1122*** 

 (3.123) (1.971) (3.152) 

Per_GDP -0.0184 0.1375** -0.0264 

 (-0.336) (2.263) (-0.474) 

Structure 1.6610** 1.6814** 1.7812** 

 (2.308) 0.2064 (2.455) 

_cons -0.0357 -0.0649 -0.0122 

 (-0.080) (-0.130) (-0.027) 

Year Controlled Controlled Controlled 

N 360 360 360 

R2 0.3485 0.1761 0.3367 

Adj-R2 0.2479 0.0489 0.2343 

F 8.7541 3.4975 8.3095 

Note: T-statistics in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01. 


