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Introduction: This study investigates the role of geographic proximity to local environmental protection agencies (EPAs) in enhancing firms' energy efficiency. It explores how environmental pressure and green innovation are influenced by spatial dynamics, providing new insights into the Porter hypothesis.

Methods: The analysis utilizes energy consumption and geographic data from Chinese industrial firms. A combination of statistical and econometric methods is employed to evaluate the relationship between proximity to EPAs and energy efficiency, including heterogeneity analysis across firm ownership types.

Results: The findings reveal that firms located closer to EPAs exhibit higher energy efficiency, primarily due to increased regulatory pressure that fosters green innovation. This positive effect is most pronounced within a 60 km radius, diminishing beyond this range. Heterogeneity analysis indicates stronger effects for private and mixed-ownership firms compared to state-owned and multinational firms.

Discussion: The study underscores the nuanced interplay between geographic proximity, regulatory frameworks, and green innovation. It highlights how targeted environmental policies can drive corporate energy efficiency improvements, offering valuable implications for optimizing regulatory designs.
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1 Introduction

Improving the efficiency of energy use is not only a key element in achieving sustainable economic growth, but also a strategic approach to mitigating the effects of global climate change (Della Valle and Bertoldi, 2022). Amidst the escalating energy demand for energy and the worsening problems of environmental pollution and climate change, the efficient use of energy resources, the minimization of energy waste, and the reduction of greenhouse gas emissions have become the focus of international attention (Coyle and Simmons, 2014). In this milieu, enterprises, as significant energy consumers and key actors in economic activities, play a crucial role in promoting the global energy transition and environmental protection. By improving their energy use efficiency, companies can not only reduce production costs and strengthen their market competitiveness, but also make a significant contribution to the societal goals of energy conservation and emissions reduction (Pan et al., 2020). However, achieving these goals presents a range of challenges that require technological innovation, improvements of market mechanisms, and the provision of effective policy support and regulatory frameworks (Coyle and Simmons, 2014; Wang et al., 2021; Zahraoui et al., 2023; Safarzadeh et al., 2020). Government policies and regulatory initiatives are crucial in guiding firms toward more efficient production modalities and catalyzing the greening of the entire sector. Therefore, this study is focuses on examining the influence of the geographical distance between firms and government agencies on firms' energy efficiency, and the role that government regulation and green innovation play in this dynamic.

As the world's preeminent developing country and second largest global economy, China occupies a pivotal position in the international environmental and energy landscape. As shown in Figure 1, China's primary energy consumption shows a significant upward trend, escalating from 117.45 million tons of oil equivalent in 2012 to 159.39 million tons in 2022, securing its top global ranking. In particular, China's share of global primary energy consumption consistently exceeds 20%, with a clear upward trend. In stark contrast, the United States, in second place, shows a declining trend in energy consumption, as shown in Figure 2. In parallel with its rapid economic expansion, China faces many environmental challenges. These include escalating energy consumption, worsening air pollution, and suboptimal energy efficiency. These issues transcend national boundaries and have a profound impact on both global climate dynamics and environmental protection, underscoring the importance of China's role in sustainable development.
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FIGURE 1
 China and U.S. shares in global primary energy Consumption (2012–2022). Data from Statistical Review of World Energy (2012–2022).
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FIGURE 2
 China's primary energy consumption (2012–2022). Data from Statistical Review of World Energy (2012–2022).


To address these environmental challenges, the Chinese government has enacted a number of legislative measures, most notably the Environmental Protection Law and the Emission Permit System. These initiatives are designed to modulate the operational behavior of companies by establishing strict legal standards and requirements. In particular, they place greater emphasis on improving energy efficiency within firms and impose stricter environmental requirements on industries known for high levels of pollution (Shao et al., 2020). However, legislation alone is not enough to effectively reduce emissions. Research suggests that tangible improvements in the energy-use efficiency of firms are only possible when environmental laws are coupled with rigorous enforcement mechanisms (Wang and Liang, 2022). In this sense, the government's approach to regulating firms and the effectiveness of its enforcement play a critical role in incentivizing firms to optimize their energy use. While existing research extensively examines the influence of government policies on firms' energy efficiency (Backlund and Thollander, 2015; Du et al., 2022; Chen and Li, 2023; Chen et al., 2024), it generally overlooks the potential impact of the geographic distance between firms and government agencies.

Geographic distance is a critical factor influencing economic activity, as demonstrated by seminal works such as those of Marshall (2009) and Krugman (1991). In geo-economics, the “distance attenuation effect” postulates that the impact of a phenomenon or interaction diminishes as the distance between the entities involved increases (Xiong et al., 2024). This principle is particularly relevant in examining how proximity to government agencies affects firms' energy efficiency through two main mechanisms: regulatory and rent-seeking effects. From a regulatory perspective, proximity to government agencies facilitates the reduction of government regulatory costs, which may lead to more stringent environmental regulations (Kubick et al., 2017; Hu et al., 2021). This dynamic forces firms to adopt greener, more energy-efficient production technologies and methods to meet stricter environmental standards, thereby reducing pollutant emissions and increasing energy efficiency. Conversely, the rent-seeking perspective suggests that closer geographic ties to government agencies reduce rent-seeking costs and increase opportunities for firms, potentially undermining the effectiveness of regulation (Espinosa et al., 2021; Damania, 2001; Chen et al., 2022). Firms may seek to circumvent environmental regulations as a cost-saving measure rather than adopt cleaner technologies, leading to increased pollution and reduced energy efficiency. Thus, geographic proximity to government agencies exerts a multifaceted influence on firms' energy efficiency. It shapes firms' production and environmental management decisions through the interplay of regulatory and rent-seeking effects. The net effect of such proximity on firms' energy efficiency depends on the relative strength of these opposing positive and negative forces.

This study, which is based on micro-level data from Chinese industrial firms, uses a fixed-effects model in order to examine the impact of geographic proximity to government agencies on firms' energy efficiency. The goal of the analysis is to elucidate the intricate relationships between geographic location, environmental regulatory pressure, green innovation, and corporate energy management. The potential marginal contributions of this paper are as follows:

Firstly, this study extends the existing literature on the factors influencing corporate energy efficiency by considering the perspective of geographic proximity. This study introduces the variable of geographic distance between firms and local environmental protection agencies (EPAs), thereby broadening the scope of research on the factors influencing corporate energy efficiency. In the existing literature, energy efficiency is typically conceptualized as being influenced by factors such as technological innovation, policy intensity, and market competition (Coyle and Simmons, 2014; Wen et al., 2022; Wang et al., 2021). The existing literature on the topic is limited in its consideration of the spatial dimension of environmental regulation. For example, Paramati et al. (2022), Zahraoui et al. (2023), Safarzadeh et al. (2020), and Shabalov et al. (2021) have all contributed to the field, but there is a dearth of research that incorporates the geographic proximity of firms and local environmental protection agencies (EPAs) into its analysis. By analyzing geographical distance, this study sheds light on the distinctive impact of environmental regulation from a spatial perspective on the energy efficiency of firms.

Secondly, the study empirically tests the mechanism by which geographic proximity to EPAs improves firms' energy efficiency. In addition to examining the direct effect of geographic proximity on energy efficiency, this study also empirically tests the underlying mechanism. Specifically the study finds that firms located closer to EPAs are subject to increased environmental regulatory pressure, which motivates them to invest more in environmental protection and green innovation. This ultimately results in improved energy efficiency. Moreover, this mechanism confirms the central tenet of the Porter hypothesis, which posits that more stringent environmental regulations can stimulate corporate innovation and competitive advantage (Porter, 1991; Porter and van der Linde, 1995).

Thirdly, this study quantifies the geographic range within which proximity to EPAs improves firms' energy efficiency is quantified. This study is the first to quantify the geographic range within which proximity to EPAs improves firm energy efficiency through empirical analysis. The research finds that the positive effect of geographic proximity on energy efficiency is most significant within a 60-kilometer radius. This finding provides important quantitative evidence for understanding the spatial effects of environmental regulation and clarifies the boundaries of how regulatory proximity affects firm behavior as the distance increases.

The rest of the paper is organized as follows. Section 2 presents the research hypotheses. Section 3 outlines the research design, including the model, variables, and data. Section 4 presents the baseline results, mechanisms, and heterogeneity analysis of the impact of geographic proximity on firms' energy efficiency. Finally, Section 5 summarizes the main findings, addresses their implications for policy, and highlights the limitations of this study along with directions for future research.



2 Theoretical analysis and competing research hypotheses

The geographic proximity of firms to local environmental protection agencies (EPAs) my have a dual effect on their energy efficiency. On the one hand, proximity to the EPA may expose firms to more frequent on-site inspections and greater compliance pressure, forcing them to increase investments in energy-saving measures and green innovations (Porter, 1991; Porter and van der Linde, 1995), thereby improving their energy efficiency. On the other hand, proximity to the EPA may make it easier for firms to engage in rent-seeking activities, using relationships with regulators to reduce environmental pressures, which could hinder improvements in energy efficiency. Thus, the effect of geographic proximity to the EPA on firms' energy efficiency is uncertain and warrants further investigation. We, therefore, propose a set of competing hypotheses to explore the relationship in greater depth.


2.1 The hypothesis of geographic proximity enhancing firms' energy efficiency

Porter (1991) first introduced the well-known Porter hypothesis in his paper “America's Green Strategy”. The Porter hypothesis argues that stringent environmental regulations, rather than hindering firm growth, can serve as a driver for innovation and enhanced competitiveness (Porter and van der Linde, 1995). Specifically, stringent environmental regulations force firms to optimize resource allocation and improve technological innovation, leading to increased resource efficiency and reduced costs.

Geographic proximity between firms and local environmental protection agencies (EPAs) directly affects the effectiveness and intensity of regulation (Chen and Golley, 2014). Firms located closer to EPAs are more likely to be subject to frequent inspections and monitoring, and face greater compliance pressures. This high-intensity regulatory environment forces firms to adopt proactive environmental measures to meet regulatory requirements and avoid fines and other legal risks (Gray et al., 1995; Glaeser et al., 2023; Kubick et al., 2017; Hu et al., 2021). Therefore, geographic proximity increases the visibility and deterrent effect of regulation, encouraging firms to proactively improve their environmental performance.

According to the Porter hypothesis, stringent environmental regulations can stimulate technological innovation within firms to cope with the pressures imposed by these regulations. Such innovation is not limited to pollution control technologies but also includes the optimization of overall production processes and improvements in energy management (Ambec and Barla, 2006; Trevlopoulos et al., 2021; Aragòn-Correa et al., 2020; Murshed et al., 2021). In the process of developing new technologies and optimizing production processes, firms can achieve more efficient energy use, reduce energy consumption, and lower production costs. For example, by introducing energy-saving equipment or improving production processes, firms can reduce energy consumption while increasing production efficiency (Hart and Dowell, 2011; Mahmood et al., 2022; Tian and Feng, 2022).

Overall, firms located closer to local EPAs are subject to stricter regulatory pressures, which incentivizes them to increase environmental investments and foster technological innovation to improve energy efficiency (as shown in Figure 3). This process aligns with the theoretical framework of the Porter Hypothesis. Therefore, we propose the following research hypothesis:
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FIGURE 3
 Mechanisms by which proximity to local EPAs is conducive to improving the energy efficiency of industrial enterprises.


Hypothesis 1 (H1): Proximity to local EPAs is conducive to improving the energy efficiency of industrial enterprises.



2.2 The hypothesis of geographic proximity reducing firms' energy efficiency

The implications of geographic proximity for rent-seeking behavior are profound. According to public choice theory, a firm's geographic proximity to regulatory agencies may increase opportunities for interaction, making it easier for firms to engage in rent-seeking behavior by establishing networks of influence (Tullock, 1967; Tian and Feng, 2022; Tang et al., 2024). Such behavior includes bribery, lobbying, or other forms of non-market competition to secure favorable policies or regulatory exemptions (Stigler, 1971; Kim, 2021). Firms that are located closer to regulators, due to more frequent contact, are often better positioned to access information through informal channels or to influence policy decisions, thereby undermining formal regulatory mechanisms (Hiatt and Kim, 2023; Lu et al., 2024). This phenomenon is particularly evident in environments with low regulatory effectiveness and limited institutional transparency.

Rent-seeking behavior can have a significant negative impact on firms' green innovation and energy efficiency. When firms can secure a more lenient regulatory environment through rent-seeking, their motivation to invest in green innovation decreases (Tang et al., 2024; Wang et al., 2023; Espinosa et al., 2021). This is because the short-term economic benefits of reducing environmental compliance costs may outweigh the long-term benefits from improving energy efficiency through innovation (Krueger, 1974). This not only weakens the firm's willingness to improve energy efficiency but may also lead to inefficiencies and waste in resource allocation (Angelopoulos et al., 2021; Munemo, 2022; Dincă et al., 2021). Firms are more likely to rely on rent-seeking activities to maintain competitive advantage, rather than achieving sustainable development through technological innovation and improved resource efficiency (Shleifer and Vishny, 1994). This tendency is particularly pronounced in regions with weak institutional environments and low regulatory transparency, where firms are more likely to deviate from the path of green development.

In the context of China's institutional and business environment, the effect of geographic proximity between firms and regulators on rent-seeking behavior and energy efficiency is particularly noteworthy. China's market regulatory system varies significantly across regions, and firms under the supervision of local environmental protection agencies (EPAs) often reduce compliance costs by fostering close relationships with regulators. These relationships may include influencing the implementation of environmental regulations through social networks or local protectionism (Frye and Shleifer, 1997). Research has shown that in China, firms reduce investment in environmental technologies through rent-seeking behavior, leading to lower energy efficiency (Jiang et al., 2021; Tang et al., 2024). This phenomenon is particularly prevalent in regions with strong government intervention and low regulatory transparency, suggesting that geographic proximity may be an important means for firms to circumvent stringent environmental regulations, thereby hindering green innovation and energy efficiency improvements.

Overall, firms located closer to local EPAs may engage rent-seeking behavior to obtain a more lenient regulatory environment, which in turn reduces their environmental investments and innovation, ultimately leading to lower energy efficiency (as shown in Figure 4). Based on this reasoning, we propose the following research hypothesis:
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FIGURE 4
 Mechanisms by which proximity to local EPAs is not conducive to improving the energy efficiency of industrial enterprises.


Hypothesis 2 (H2): Proximity to local EPAs is not conducive to improving the energy efficiency of industrial enterprises.




3 Methodology and data


3.1 Model specification

The effect of geographic proximity between firms and local environmental protection agencies (EPAs) on energy efficiency is uncertain. Firms located closer to EPAs may either increase green investment and innovation due to regulatory pressure, leading to improved energy efficiency, or decrease their focus on environmental concerns due to easier rent-seeking opportunities, leading to decreased energy efficiency. To examine the relationship between geographic proximity and energy efficiency, we set up a fixed effects model, as specified below.

[image: image]

i, j, t and c represent firm, industry, year, and city, respectively. EEit is the dependent variable in the model, representing the firm's energy efficiency. We use firms' green total factor energy efficiency (GTFEE) to measure energy efficiency. This metric combines energy inputs with outputs and environmental costs, providing a comprehensive assessment of firms' energy utilization efficiency, and has been widely applied in previous studies (Ren et al., 2022; Zhou et al., 2023; Hao et al., 2020). The main independent variable, Distanceic, represents the geographic distance between the firm and the EPA in its city. CVit is a set of firm characteristics used to control for factors at the firm level that may influence energy efficiency. γct represents city-year fixed effects to control for time-varying factors at the city level, while μjt represents industry-year fixed effects to control for time-varying factors at the industry level. εijct is the random error term.

Using Model (1), we can recognize the impact of the neighboring local environmental protection bureau on the energy efficiency of enterprises. However, it is unclear what range of proximity to the bureau is significant. To address this issue, we draw upon the research of Partridge and Rickman (2008), which groups companies according to their distance from the local EPA. This generates a set of dummy variables that reflect the distance range, which we then include in the regression model to test the validity of our findings. The empirical model is shown in Equation 2.
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Specifically, we group all firms in the jurisdiction according to their distance to the local EPA. D0_15 = 1 if the distance from the firm to the EPA is between 0–15 kilometers and 0 otherwise, D15_30 = 1 if the distance from the firm to the EPA is between 15–30 kilometers and 0 otherwise, and so on to generate D30_45, D45_60, D60_75.



3.2 Variables definition
 
3.2.1 Dependent variable

The dependent variable in Model (1) is the energy efficiency of the firms, which we measure using Green Total Factor Energy Efficiency (GTFEE). GTFEE takes into account the relationship between resource inputs and outputs, particularly incorporating environmental factors into the efficiency assessment. In addition to considering the production efficiency of traditional factors such as labor and capital, GTFEE also includes energy and environmental emissions, reflecting the firm's overall efficiency of the company's use of energy and other resources while taking into account environmental costs. As a result, GTFEE provides a more comprehensive assessment of a firm's energy efficiency and sustainability.

In this study, we use the current cutting-edge non-radial and non-angle dynamic-SBM model to measure GTFEE of enterprises. In previous studies, data envelopment analysis (DEA) and the Malmquist-Luenberger productivity index are the more commonly used methods to measure the intertemporal efficiency of decision-making units (Bansal and Mehra, 2022). However, traditional static DEA requires inputs and outputs to vary in the same proportion, and the choice of window width is mostly based on empirical selection, which is somewhat arbitrary (Zhang et al., 2022). The Malmquist-Luenberger productivity index (MPI) does not properly reflect the characteristics of technological progress, resulting in a biased efficiency growth index (Oh and Heshmati, 2010).

Therefore, this paper adopts the non-radial and non-angle dynamic-SBM model proposed by Tone and Tsutsui (2010) to measure the energy utilization efficiency of enterprises, which has the following improvements over the traditional static DEA method: (i) it is divided into two categories of free inter-period variables and bad inter-period variables based on the consideration of the influence of inter-period variables; (ii) the measurement process is not restricted by the unit of measurement of input and output indicators and each input/output indicator is monotonically increasing in the radial direction; and (iii) the measured efficiency is a dynamic indicator and has inter-period comparability. Based on this, the selection of reasonable input/output variables and inter-period variables is the key to the measurement of indicators.

Specifically, the input indicators selected in this study include labor and energy consumption. Labor is measured by the average number of employees per year, while energy consumption is measured by the amount of standard coal (tons) converted from the firm's various energy inputs. The freely carryover input is capital, represented by the net value of the firm's fixed assets, which is deflated using the appropriate fixed investment price index. The negative carryover outputs are the firm's emissions of air and water pollutants, including sulfur dioxide, nitrogen dioxide, particulate matter, ammonia nitrogen, and chemical oxygen demand (COD). Figure 5 illustrates the calculation process of GTFEE.
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FIGURE 5
 Calculation process of GTFEE. This figure illustrates the calculation process of Green Total Factor Energy Efficiency (GTFEE) using a non-radial, non-angle Dynamic-SBM model. The input indicators include labor force (measured by the average number of employees per year) and energy consumption (measured in tons of standard coal equivalent). Capital is treated as a freely disposable input variable, represented by the net value of the firm's fixed assets. Undesirable outputs include emissions of waste gas and wastewater, such as sulfur dioxide and chemical oxygen demand (COD). The time periods (T−1, T, T+1) represent different stages in the production cycle, highlighting the dynamic nature of energy efficiency evaluation across consecutive periods.




3.2.2 Independent variable

The independent variable in the model is the geographic distance between firms and local environmental protection agencies (EPAs). In China, local EPAs refer to the ecological and environmental bureaus in the cities where the firms are located. These agencies are responsible for urban environmental protection and ecological management. Their main functions include formulating and implementing local environmental policies, supervising and managing corporate environmental behavior, monitoring and improving air and water quality, handling environmental complaints, and promoting green development. Local EPAs are usually affiliated with local governments and cooperate with the Ministry of Ecology and Environment (formerly the Ministry of Environmental Protection) to enforce national and local environmental regulations and standards (Huang and Lei, 2021). We manually collected latitude and longitude data from the ecological and environmental bureaus of various Chinese cities. Our sample of firms was obtained from the China Industrial Enterprise Database, which provides address information for industrial firms. Using this address information, we employed geocoding tools (Baidu Maps API) to obtain the latitude and longitude data for the firms. We then imported the latitude and longitude data for both the local EPAs and the industrial firms into ArcGIS software to calculate the geographic distance between them.



3.2.3 Control variables

To account for economic, market, and institutional constraints that may affect the ability of firms to adopt cleaner technologies, we include control variables such as firm size, financial leverage, and return on assets. As noted by Porter (1991) and Porter and van der Linde (1995), while stricter environmental regulations can spur innovation, adoption may be limited by factors such as the high cost of green technologies (Horbach, 2008), competitive pressures that prioritize short-term profits, and weak regulatory enforcement (Johnstone et al., 2010). Controlling for these variables allows us to isolate the effect of geographic proximity to environmental protection agencies (EPAs) on energy efficiency, ensuring that external constraints are included in the analysis. The specific calculations for these control variables as shown in Table 1.


TABLE 1 Variable definitions.
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3.3 Data source and statistical description

Two databases are used in this study. (1) China Industrial Enterprise Database. This database contains all state-owned industrial enterprises and industrial enterprises above-scale (with main business revenue of more than 5 million yuan). This database provides a wealth of firm-level information, including basic characteristics such as enterprise name, legal person code, specific address, and ownership type, as well as corporate financial indicators such as employment, production profit, and assets and expenses. We use this database to collect firm-level control variables and identify the location of firms. (2) Pollution Emission Database of Industrial Enterprises in China. This database provides detailed statistical information on the energy consumption and pollution emission of industrial enterprises, including coal consumption, oil consumption, natural gas consumption, wastewater emission, sulfur dioxide emission, and so on. This database is currently the most detailed database on energy consumption and pollution emission of industrial enterprises in China.

We merge the two databases based on the unique identifiers of the firms in the two databases. Then, we organize the merged data into a mixed panel dataset following the method propose by Brandt et al. (2012). We delete samples with obvious recording errors, such as samples with < 0 industrial output value, total assets, and fixed assets of enterprises, samples with missing key indicators, and samples with < 8 average annual employment. A total of 133,430 samples from 1999 to 2010 were finally obtained. To reduce the impact of outliers on the estimation, we also shrink the data set by 1%.

Prior to the empirical analysis, we used a bin-scatter graph to illustrate the relationship between distance to the local EPA and firm energy efficiency, as shown in Figure 6. The graph shows a more pronounced negative correlation between distance to the local EPA and firms' energy efficiency, i.e., the closer the firms are to the government, the more energy efficient they are; the farther the firms are from the government, the less energy efficient they are. Table 2 lists the variables used in our empirical study and their statistical characteristics.


[image: Figure 6]
FIGURE 6
 Distance to the local EPA and energy efficiency. The horizontal axis is the energy efficiency of the firms. The horizontal axis is the logarithm of distance between the firm and the local environmental protection agency (EPA).



TABLE 2 The statistical description of variables.

[image: Table 2]

Table 2 shows the descriptive statistics of the key variables of this study. First, Energy Efficiency (EE) has a mean value of 1.7001 and a maximum value of 8.5783, indicating that there is a large heterogeneity in energy use among the sample firms. The mean value of geographical distance (Distance) is 3.2431 and the standard error is 1.4377, indicating that the distance between firms and local environmental protection departments varies significantly in the sample, and this difference provides a basis for testing the effect of geographical proximity on energy efficiency. The control variables reflect the differences in firm characteristics across dimensions. The mean of firm size (Size) is 10.1243, indicating that firms have an uneven distribution of resources, which may affect their ability to respond to environmental protection policies. Financial leverage (Lev) is 0.5121, which shows the general characteristics of firms in terms of leverage, which may affect their green investment decisions. Return on assets (Roa) and capital-labor ratio (RatioKL) also reveal the diversity of firms' profitability and factor input structure. The mean value of Export is 4.7811, reflecting the degree of participation of some firms in the international market, which may affect their response to environmental requirements.




4 Results


4.1 Geographic distance to EPA and firms' energy efficiency

There are two competing hypotheses when examining the impact of geographic proximity between firms and local environmental protection agencies (EPAs) on firms' energy efficiency, two competing hypotheses exist in theory. On the one hand, firms located closer to EPAs may face stricter and more frequent environmental regulations, forcing them to increase environmental investments and engage in green innovation, thereby improving energy efficiency. On the other hand, geographic proximity may make it easier for firms to engage in rent-seeking behavior to alleviate regulatory pressure, which could reduce their energy efficiency. Therefore, the effect of geographic proximity to EPAs on firms' energy efficiency remains uncertain. To address this theoretical debate, we conducted an empirical study, and the results are presented in Table 3.


TABLE 3 The effect of geographic distance to government on a firm's energy efficiency.

[image: Table 3]

Column (1) does not include any control variables or fixed effects. In this case, the regression coefficient for the Distance variable is −0.0130, which is significant at the 5% level. This indicates a significant negative correlation between geographic proximity to EPAs and energy efficiency, suggesting that the closer a firm is to the EPA, the higher energy efficiency it has. This result supports the Hypothesis 1 (H1) that “geographic proximity increases firms' energy efficiency,” possibly due to stricter environmental regulations resulting from closer proximity. In column (2), after adding a number of control variables (such as firm size, financial leverage, capital-labor ratio, etc.) based on the previous column, the coefficient for the Distance variable becomes −0.0097 and remains significant at the 1% level. Even after including these firm characteristics that may affect energy efficiency, the coefficient of Distance remains negative and significant, further confirming the positive impact of geographic proximity on firms' energy efficiency. Column (3) further adds city-year and industry-year fixed effects based on the previous column. In this case, the coefficient for the Distance variable is −0.0094 and remains significant at the 1% level. This indicates that even after controlling for time-varying factors at the city and industry levels that may influence the relationship between geographic proximity and energy efficiency, the positive impact of proximity on energy efficiency remains significant.

The results in Table 3 show that despite increasing model complexity, the negative impact of the Distance variable remains significant, confirming that geographic proximity between firms and EPAs can effectively improve firms' energy efficiency, supporting Hypothesis 1 of this study. Overall, the results are consistent with the Porter hypothesis, which suggests that stringent environmental regulations can incentivize firms to innovate and improve resource efficiency (Porter, 1991; Galeotti et al., 2020; Porter and van der Linde, 1995). Proximity to EPAs means that firms face higher regulatory intensity, leading them to increase environmental investments and technological innovation, thereby improving energy efficiency.



4.2 Robustness checks

We conducted three robustness checks to ensure the reliability of our findings: replacing the measurement of the independent variable, accounting for the impact of policy shocks, and excluding firms that have undergone relocation. The corresponding results are presented in Table 4.


TABLE 4 Robustness checks.
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In the baseline regression, we used the distance between firms and local Environmental Protection Agencies (EPAs) as the primary independent variable. However, under China's localized environmental regulation system, local EPAs are subject to the personnel appointments and budget constraints set by the local governments, which compromises their independence. Considering this, the distance between firms and local governments may have a significant impact on firms' energy efficiency. Therefore, we replaced the independent variable with the distance from firms to local governments as a robustness check. As shown in Column 1 of Table 4, the coefficient of the alternative variable, Distance, remains significantly negative, validating the robustness of our estimates, and further demonstrating the consistent impact of geographical proximity on firms' energy efficiency.

During the study period, the Chinese government implemented a series of “energy-saving and emission-reduction” policies that could potentially influence the estimation of firms' energy efficiency. For instance, to enhance the elimination of outdated production capacity and control the rapid growth of high-pollution and high-energy-consuming industries, the government launched an industrial intervention policy in 2005 aimed at reducing energy consumption. This policy was further reinforced by the clear mandate to eliminate outdated production capacities by the end of 2006. Such policy interventions may have significantly affected firms' production behavior, thereby interfering with the estimated impact of geographical distance. To address this issue, we excluded the sample data for the years 2005 and 2006 and re-ran the regression analysis. The results in Column 2 of Table 4 show that the coefficient of Distance remains significantly negative, consistent with the baseline regression, indicating that the effect of policy shocks on the conclusions is limited.

Firm relocation is typically a strategic decision driven by considerations of policy, market conditions, and cost structures. Particularly when facing stringent environmental regulations, some firms may choose to relocate to regions with more lenient environmental standards to reduce compliance costs. This self-selection behavior can directly influence firms' energy efficiency and compliance strategies, leading to significant changes in the impact of geographical distance on these firms. As a result, the sample of relocating firms may introduce additional endogeneity issues, making it difficult to accurately estimate the relationship between geographical distance and firms' energy efficiency. To mitigate this concern, we excluded all firms that had undergone relocation in our robustness check. The results in Column 3 of Table 4 demonstrate that the coefficient of Distance remains significantly negative, consistent with the baseline results, further confirming the reliability and robustness of our estimates.

These robustness checks collectively strengthen the validity of our findings, showing that our conclusions hold under various alternative conditions and data treatments.



4.3 Discussion on endogeneity

In the study of distance to the local EPA and energy efficiency of firms, the independent variable (Distance) may be endogenous because firms are proactive in their location decisions and can decide for themselves whether to locate near the local EPA. If firms with lower energy efficiency are more likely to choose locations farther from the local EPA, then we would overestimate the effect of geographic distance on energy efficiency. In addition, because a firm's geographic distance from the local EPA is usually fixed, we cannot control for firm fixed effects, which also creates an omitted variable problem. Therefore, when using geographic distance as a core explanatory variable, we need to use appropriate methods to address the endogeneity problem.

We use the instrumental variable approach to test whether endogeneity seriously undermines the benchmark results. Specifically, in the regressions in Table 5, we use the average of the geographic distance (Distmean) of all firms in the municipality to the local EPA as the instrumental variable for distance. This is justified by the fact that, first, there is no significant correlation between a firm's energy efficiency and the geographic distance between other firms and the local EPA in the jurisdiction, which meets the requirement of “exogeneity” of the instrumental variable. Second, firms' choice of geographic location of firms is influenced by regional factors such as economic development, environmental protection, transportation conditions, and so on. Therefore, there may be some similarity in the geographic location of firms within the jurisdiction, which meets the “correlation” requirement of the instrumental variable.


TABLE 5 Results of the instrumental variables approach.

[image: Table 5]

The results of the instrumental variables regressions are reported in Table 5. Column (1) presents the results of the first stage, where the coefficient on Distmean is significantly positive and the Kleibergen-Paaprk Wald F-value is 336, indicating that there is no weak instrumental variables problem. Column (2) shows the results of the second stage, where the coefficient remains significantly negative, consistent with the benchmark results. This suggests that the address “self-selection” problem and the omitted variable problem posed by firms' location choices do not materially affect the estimation results of this paper. Proximity to the local EPA increases firms' energy efficiency, and the regulatory effect dominates. Table 5 shows that the conclusions of this paper remain reliable after controlling for possible endogeneity issues.



4.4 Mechanism analysis

The results presented earlier indicate that firms located closer to local environmental protection agencies (EPAs) experience enhanced energy efficiency. Figure 3 visually illustrates the underlying mechanism: proximity to EPAs increases environmental pressure on firms, which in turn induces them to increase environmental investments and engage in green innovation, ultimately leading to improved energy efficiency. To empirically test this mechanism, we can proceed with the following steps:

Step 1: We first need to examine how the geographic distance between firms and EPAs affects the environmental pressures they face. By constructing a regression model with geographic distance serves as the independent variable and environmental pressure as the dependent variable, while controlling for other influencing factors, we can determine whether there is a significant negative relationship exists between geographic distance and environmental pressure. If the results show a significant negative relationship, it suggests that firms located closer to EPAs face greater environmental pressure.

Step 2: After confirming the effect of environmental pressure, we need to further examine its impact on firms' green innovation. By constructing a regression model with environmental pressure as the independent variable and green innovation as the dependent variable, we can assess whether environmental pressure significantly promotes green innovation activities. A positive and significant coefficient for environmental pressure would indicate that it effectively drives green innovation within firms.

Step 3: To gain a deeper understanding of how geographic distance influences green innovation through environmental pressure, we introduce an interaction term, “Geographic Distance × Environmental Pressure,” into the regression model for green innovation. By analyzing the coefficient of this interaction term, we can test the interactive effect of geographic distance and environmental pressure on green innovation. If the coefficient of the interaction term is significantly negative, it would suggest that geographic proximity strengthens the positive impact of environmental pressure on green innovation.

Step 4: The final step is to examine the impact of green innovation on firms' energy efficiency. By constructing a regression model where green innovation is the independent variable and energy efficiency is the dependent variable, while controlling for other variables, we can assess whether green innovation has a significant positive effect on energy efficiency. A significant positive coefficient would indicate that green innovation is an important way to improve firms' energy efficiency.

Through these four analytical steps, we can comprehensively validate the logical chain of Hypothesis 1, revealing how geographic proximity enhances firms' energy efficiency through the mediating effects of environmental pressure and green innovation.

To conduct the above tests, we need to construct indicators of environmental pressure and green innovation, as follows, (1) Environmental pressure: To measure the environmental pressure on firms, we collected data on environmental penalties from the National Enterprise Credit Information Publicity System. Specifically, we counted the number of penalties or the amount of fines imposed on firms for violating environmental regulations within a certain period, and used these metrics as indicators of environmental pressure (EnvPressure). A higher number of penalties or higher fines indicate greater environmental pressure on the firm. (2) Green Innovation: For green innovation, we selected patents related to green innovation from the national patent database, using the “Y02” category of the International Patent Classification (IPC). These patents were assigned to the sample firms according to their unique identifiers. We then counted the number of green innovation patents held by each firm during the study period to generate an annual patent count. Finally, these variables were standardized (Z-scores) to facilitate compariresulting in the green innovation indicator (GreInnovation).

Column (1) of Table 6 presents the regression results of environmental pressure on geographic distance (the distance between firms and local environmental protection agencies). The coefficient for geographic distance is −0.1891, which is significant at the 1% level, indicating that the shorter the distance between firms and local EPAs, the greater the environmental pressure faced by the firms. Column (2) shows the regression of green innovation on environmental pressure, where the coefficient for environmental pressure is 0.1039, which is also significant at the 1% level, suggesting that environmental pressure promotes green innovation within firms. Column (3) builds on Column (2) by including an interaction term between geographic distance and environmental pressure. The coefficient for the interaction term is −0.0212, indicating that the effect of environmental pressure on green innovation is stronger under conditions of higher geographic proximity (shorter distance). This suggests that when firms are closer to EPAs, environmental pressure is more likely to drive green innovation. Column (4) presents the regression of energy efficiency on green innovation, where the coefficient for green innovation is 0.3221, significant at the 1% level, demonstrating that green innovation significantly improves firms' energy efficiency. By examining theses four steps, we confirm that proximity to local EPAs increases environmental pressure on firms, which, in turn, leads to increased environmental investment and green innovation, which ultimately resulting in improved energy efficiency.


TABLE 6 Mechanism analysis of proximity and regulatory pressure on green innovation and energy efficiency.
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These findings are consistent with the core tenets of the Porter hypothesis. The Porter hypothesis posits that stringent environmental regulations not only do not hinder the economic performance of firms', but also enhance their competitiveness by stimulating innovation (Porter and van der Linde, 1995). The empirical results of this study indicate that environmental pressures do indeed drive green innovation within firms and ultimately improve energy efficiency, consistent with the expectations of the Porter hypothesis. Moreover, our findings are supported by related literature. For example, the study by Xie et al. (2023) found that environmental regulations can stimulate technological innovation, which ultimately leads to improved production efficiency. Furthermore, Hart and Ahuja (1996) pointed out that firms' innovative responses to environmental regulations not only improve environmental performance but also increase overall firm value.



4.5 Heterogeneity analysis

In the previous analysis, we confirmed that the closer a firm is to the local Environmental Protection Agency (EPA), the higher its energy efficiency. This is because the intensity of environmental regulation decreases with increasing distance, so firms closer to government agencies to face greater environmental pressure, which forces them to increase environmental investment and engage in green innovation, which ultimately leads to improved energy efficiency. However, to gain a deeper understanding of the applicability of this relationship and the complex mechanisms behind it, we conducted further heterogeneity analyses. Specifically, we explored the heterogeneity of this relationship from three perspectives: first, we analyzed the effectiveness of the impact of geographic proximity to EPAs on firms' energy efficiency across different distance ranges; second, we examined how different ownership structures (such as state-owned enterprises, private enterprises, mixed-ownership enterprises, and multinational enterprises) exhibit differences in response to this relationship; and finally, we investigated how geographic characteristics (such as coastal vs. inland regions and proximity to energy sources) influence this relationship. Through these analyses, we aim to provide more nuanced insights into how environmental regulation affects firm behavior.


4.5.1 The effective distance range of proximity to EPA on energy efficiency

In column (1) of Table 7, the coefficients on the dummy variables D0_15, D15_30, D30_45, and D45_60 are significantly positive until the coefficient on D60_75 is insignificant. This indicates that the effect of proximity to the EPA on firms' energy efficiency is significant up to 60 km, and beyond 60 km, the effect of proximity to the EPA on firms' energy efficiency is no longer significant. Column (2) further controls for city-year fixed effects and industry-year fixed effects based on column (1), and the results are similar to those in column (1), i.e., the effect of distance to the local EPA on firms' energy efficiency is no longer significant when the distance exceeds 60 km.


TABLE 7 The diminishing impact of geographic proximity on energy efficiency.
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4.5.2 Ownership structure and proximity's impact on energy efficiency

When analyzing the energy efficiency of firms, ownership structure is considered a key factor of heterogeneity. Firms with different ownership types show significant differences in their responses to environmental regulation, resource allocation, and technological innovation (Fan et al., 2011; Wang et al., 2022; Megginson and Netter, 2001). Therefore, conducting a regression analysis by categorizing firms based on ownership type can provide a deeper understanding of the differences in how firms with different ownership structures respond to the impact of geographic distance on energy efficiency. This analysis not only helps uncover the heterogeneous responses of firms with different ownership structures to environmental policy implementation but also provides a basis for developing more targeted policies.

Next, we categorize the sample firms into four groups: (1) State-owned enterprises (SOEs), which are wholly state-owned, with 100% of shares held by the government, and business decisions directly controlled by the government; (2) Private enterprises, which are wholly privately owned, with 100% of the shares held by private individuals or entities, and business decisions made independently of the government, typically with a focus on profit maximization; (3) Mixed-ownership enterprises, which are jointly controlled by state and private capital, with both parties holding significant shares and participating in decision-making; and (4) Multinational enterprises, in which are foreign-owned, with foreign investors holding the majority or all shares, and exercise control over business decisions. This classification allows for a more precise analysis of the differences in how firms with different ownership structures respond to environmental pressures and engage in green innovation.

Table 8 reports the relationship between firms' distance from local regulators and their energy efficiency across the four types of firms. In Column (1), the regression results show that the coefficient for geographic distance is not significant for state-owned enterprises. This suggests that SOEs are subject to strong government oversight, and even if they are located further from EPAs, their energy efficiency is insignificantly affected. This is consistent the existing literature, which suggests that SOEs tend to maintain high levels of compliance and environmental investment due to policy-driven incentives (Huang and Lei, 2021). In Column (2), the regression results show that the coefficient for private enterprises is significantly negative, suggesting that private enterprises closer to EPAs have higher energy efficiency, which is consistent with the baseline results.


TABLE 8 Heterogeneous effects of geographic proximity on energy efficiency across different ownership structures.
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In Column (3), the regression results show that the coefficient is also significantly negative for mixed-ownership enterprises, but the effect is less pronounced than for private enterprises. This reflects the dual nature of mixed-ownership enterprises: on the one hand, the presence of state capital may encourage environmental investment, while on the other hand, the influence of private capital may lead to cost-cutting measures that reduce environmental expenditures. Therefore, the performance of mixed-ownership enterprises in response to environmental pressure lies between that of state-owned and private enterprises (Ren and Ren, 2024). In Column (4), the regression results show that the coefficient for multinational enterprises is insignificant, indicating that geographic distance has little impact on the energy efficiency of multinational enterprises (MNEs). MNEs tend to have higher technological capabilities and global resource allocation, which allows them to effectively manage environmental compliance even when located farther from EPAs, thus maintaining high energy efficiency (Javorcik and Wei, 2003). Additionally, MNEs may be subject to both domestic and global regulatory oversight, which further helps them maintain high standards of environmental management.



4.5.3 Heterogeneity in geographic characteristics

To further understand how geographic characteristics affect the relationship between firms' energy efficiency and their geographic proximity to local environmental protection agencies (EPAs), this study conducts two heterogeneity analyses. First, we examine whether the relationship between firms' energy efficiency and geographic proximity to EPAs differs between coastal and inland regions. Second, we analyze the effect of proximity to energy sources on this relationship. Through these two angles of analysis, we aim to reveal how geographic characteristics affect firms' responses to environmental regulation, thereby providing more precise empirical support for policy formulation.

The results in columns (1) and (2) of Table 9 indicate that the pattern of the relationship between geographic proximity to EPAs and energy efficiency is similar in both coastal regions (which typically face higher international market standards and stricter environmental regulations) and inland regions. This finding may reflect the consistency and broad applicability of China's environmental policies across different regions. Particularly in the context of increasingly stringent environmental regulations, firms in all regions face similar environmental pressures, making the impact of geographic proximity on energy efficiency less dependent on geographic location.


TABLE 9 Coastal versus inland and proximity to energy sources.

[image: Table 9]

Columns (3) and (4) examine the heterogeneity based on firms' proximity to energy sources (e.g., power plants). We find that the relationship between geographic distance and energy efficiency remains consistent regardless of whether firms are close to energy sources. This finding suggests that, although energy costs and the stability of supply may vary depending on a firm's proximity to energy sources, these differences do not significantly alter the pattern of the impact of geographic proximity to EPAs on energy efficiency. This may be because in China's industrial environment, electricity supply is already highly accessible and relatively balanced, meaning that geographic factors related to energy access have a minimal impact on firms' operating costs and efficiency. Instead, environmental regulation remains the primary driver of improvements in firms' energy efficiency.





5 Conclusions and implications

Geographic proximity between governments and firms has long been recognized as a factor that can significantly influence all aspects of economic activity (Bagella and Becchetti, 2002; Caniëls and Romijn, 2003; Kubick et al., 2017; Hu et al., 2021). The relationship between this proximity and the energy efficiency of firms is particularly important in the context of sustainable development and environmental responsibility. Geographic distance plays an important role in shaping the energy efficiency of firms by influencing the regulatory pressures and green innovations in which they operates. On the one hand, the closer a firm is to the local EPA, the more environmental inspections it may experience, forcing the firm to increase its environmental investments and green innovations, leading to an increase in its energy efficiency. On the other hand, the closer a firm is to the local EPA, the more opportunities it has to lobby government regulators and the higher the likelihood of rent-seeking, which in turn reduces the environmental constraints faced by the firm and leads to a decrease in the firm's energy efficiency. Therefore, it is worthwhile to examine in detail how proximity to the EPA ultimately affects firms' energy efficiency.

Based on empirical analysis, this study draws the following main conclusions: First, geographic proximity to local environmental protection agencies (EPAs) significantly improves firms' energy efficiency. Firms located closer to EPAs are subject to greater regulatory pressure, which induces them to increase environmental investments and engage in green innovation, thereby improving energy efficiency. Second, the study finds that this effect is most pronounced within a 60-kilometer radius, beyond which the effect gradually diminishes and eventually becomes insignificant. Moreover, heterogeneity analysis shows that the impact of geographic proximity on energy efficiency is more pronounced in private and mixed-ownership firms, while it is not significant in state-owned and multinational firms. These conclusions provide new empirical support for understanding the role of geographic factors in environmental regulation and firm behavior and offer valuable insights for the formulation and implementation of environmental policies.

The policy implications of these findings are clear: improving the geographic accessibility of regulatory agencies can improve the energy efficiency of firms, especially for private firms that are more sensitive to regulatory pressures. However, to fully capitalize on the benefits of regulatory proximity, it is important to address the potential for rent-seeking behavior that may undermine environmental goals. Policymakers should focus on improving regulatory transparency and enforcement to ensure that firms are truly to improve their energy efficiency.

Although this study reveals the impact of geographic proximity on firms' energy efficiency and its underlying mechanisms through empirical analysis, there are still some research limitations. This study primarily focuses on the effect of the geographic distance between individual firms and local environmental protection agencies (EPAs) on energy efficiency, without fully considering the potential spatial spillover effects of environmental regulation. That is, environmental policies and regulatory intensity in one region may influence the behavior of firms in neighboring areas, leading to interactions between firms in different regions that were not captured. Future research could further explore the interregional interactions of environmental regulation by examining how spillover effects from environmental policies affect firms' energy efficiency both within and beyond the region. This would provide a more comprehensive perspective for understanding the overall impact of environmental policies and for optimizing their implementation.
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Variables

Distance 0.0389** 0.0213**
(0.0190) (0.0105)
Dois 02211+ 0.1174%
(0.0501) (0.0234)
Dis 30 0.1445** 0.0843***
(0.0374) (0.0214)
D3 45 0.0984*** 0.0660***
(0.0297) (0.0185)
Dis g0 0.0602*** 0.0363**
(0.0230) (0.0162)
Dgo 75 0.0407 0.0290
(0.0269) (0.0183)
_cons 7.5719"* 4.6136***
(0.3825) (0.2948)
CVs Yes Yes
City x Year No Yes
Industry x Year No Yes
N 113,049 113,049
Adj. R? 02123 0.2900

The dependent variable is energy efficiency (EE). Distance represents the geographic distance
(in kilometers) from the firm to the local EPA. Do_ys, Dis_30, D3o_ss» Dis g0, and Deg 75 are
dummy variables indicating the respective distance ranges. The model includes firm-level
control variables (CVs). City x Year and Industry x Year represent city-year and industry-
year fixed effects, respectively. Robust standard errors, clustered at the city level, are reported
in parentheses. ** and *** denote statistical significance at the 5% and 1% levels, respectively.
‘The bold values indicate the coefficients of interest in this regression.
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(1) (2) (3)

Variables EnvPressure Grelnnovation Grelnnovation
Distance —0.1891*** —0.1547
(0.0501) (0.2143)
EnvPressure 0.1039** 0.1428"*
(0.0125) (0.043)
Distancex EnvPressure —0.0212°**
(0.0013)
Grelnnovation 0.3221°**
(0.0054)
_cons 8.335% 1.4421%* 0.0319 0.0852**
(0.0367) (0.365) (0.0407) (0.0323)
CVs Yes Yes Yes Yes
City x Year Yes Yes Yes Yes
Industry x Year Yes Yes Yes Yes
N 133,324 133,324 133,324 133,324
Adj. R? 0.0826 0.4315 0.0574 0.8143

This table reports the results of the mechanism test. CVs are a set of firm-level characteristic variables, including Size, Ley; Roa, Age, RatioKL and Export. _cons represents the constant term. City
X Year, Industry x Year represent city-year fixed effect and industry-year fixed effect, respectively. ** and *** denote significance at the 5% and 1% levels, respectively. Standard errors clustered
to the city level are in parentheses. The bold values indicate the coefficients of interest in this regression.
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Variables EnergySource Off-EnergySource
Distance —0.0082** —0.0010*** —0.0094* —0.0074*

(0.0038) (0.0003) (0.0049) (0.0041)
_cons 7.1325%** 66188 7.6514%** 74443

(0.3329) (0.0288) (0.3135) (0.3506)
CVs Yes Yes Yes Yes
City x Year Yes Yes Yes Yes
Industry x Year Yes Yes Yes Yes
N 53,372 80,058 40,029 93,401
Adj. R 0.1523 0.0954 02147 0.0684

‘The dependent variable is firms’ energy efficiency (EE). The main independent variable is geographic distance, representing the distance between the firm and the local environmental protection
agency (EPA). The table presents the regression results under different geographic characteristics (coastal vs. inland, proximity vs. non-proximity to energy sources). Proximity to energy sources
is defined as having a power plant within a 60-kilometer radius of the firm. All models control for firm-level variables (CVs) and include City x Year and Industry x Year fixed effects. Robust

standard errors, clustered at the city level, are reported in parentheses. ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. The bold values indicate the coefficients of
interest in this regression.
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Variables Private Multinational
Distance —0.0094 —0.0182*** —0.0131*** —0.0074

(0.0149) (0.0038) (0.0015) (0.0061)
_cons 1.4181%* 86203 7.1368*** 7.7543"

(0.0917) (0.5186) (0.3135) (0.3506)
CVs Yes Yes Yes Yes
City x Year Yes Yes Yes Yes
Industry x Year Yes Yes Yes Yes
N 9,340 97,403 17,345 9,342
Adj. R 02180 02423 02119 02191

The dependent variable is energy efficiency (EE). The main independent variable is Distance, representing the geographic distance from the firm to the local Environmental Protection Agency
(EPA). The table reports the coefficients for the interaction between geographic distance and different ownership structures: State-Owned Enterprises (SOEs), Private Enterprises, Mixed-
Ownership Enterprises, and Multinational Enterprises. CVs are a set of firm-level characteristic variables, including Size, Ley, Roa, Age, RatioKL, and Export. City x Year, Industry x Year
represent city-year fixed effect and industry-year fixed effect, respectively. *** denote significance at the 1% levels. Standard errors clustered to the city level are in parentheses. The bold values
indicate the coefficients of interest in this regression.
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(1)

Variables Distance
Distance —0.0161**
(0.0070)
Distmean 0.6880"*
(0.0127)
_cons 141817 8.6293***
(0.0917) (0.5186)
CVs Yes Yes
City x Year No Yes
Industry x Year Yes Yes
N 133,324 133,334
Adj. R? 0.1588 0.2071

This table reports the regression results of the instrumental variables approach. Column (1)
is the result of the first stage, and column (2) is the result of the second stage. CVs are a set
of firm-level characteristic variables, including Size, Lev, Roa, Age, RatioKL and Export. _cons
represents the constant term. City x Year, Industry x Year represent city-year fixed effect and
industry-year fixed effect, respectively. ** and *** denote significance at the 5% and 1% levels,
respectively. Standard errors clustered to the city level are in parentheses. The bold values
indicate the coefficients of interest in this regression.
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Distance —0.0087*** —0.0090*** —0.0097***
(0.0041) (0.0044) (0.0028)
_cons 3.2481 5.1247%* 5.6247%
(4.1025) (0.8456) (0.6248)
CVs Yes Yes Yes
City x Year Yes Yes Yes
Industry x Year Yes Yes Yes
N 133,430 104,875 115,846
Adj. R 0.1247 0.1547 0.3214

This table shows the results of the robustness checks. Column (1) replaces the primary
independent variable with the distance between firms and local governments. Column (2)
excludes the years 2005-2006 to account for policy shocks. Column (3) excludes firms that
have undergone relocation. All models include control variables and fixed effects for City x
Year and Industry x Year interactions. *** denote significance at the 1% levels. Standard
errors clustered to the city level are in parentheses. The bold values indicate the coefficients of
interest in this regression.











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Environmental Economics







OPS/images/frevc-03-1486650-g005.gif





OPS/images/frevc-03-1486650-g006.gif





OPS/images/frevc-03-1486650-g003.gif
Geographc prowmity — Regulstorypressore —b  Greennaovation —»  Energy efficency





OPS/images/frevc-03-1486650-g004.gif
Geographicprowmity —  Rentseeking  — Underine ovation —  Energy efficency





OPS/images/frevc-03-1486650-t003.jpg
Variables

Distance —0.0130%* —0.0097*** —0.0094***
(0.0061) (0.0033) (0.0034)
Size —0.1470** —0.3550%
(0.0022) (0.0215)
Lev —0.0044** —0.0013**
(0.0002) (0.0003)
Roa —0.0004 —0.0015
(0.0005) (0.0015)
Age —0.0019** ~0.0001
(0.0003) (0.0007)
RatioKL 00176 00195
(0.0003) (0.0010)
Export 0.0071%+* 00053+
(0.0006) (0.0010)
_cons 17753 39112 7.1368"*
(0.0615) (0.0356) (0.3323)
City x Year No No Yes
Industry x Year No No Yes
N 133,430 133,430 133,324
Adj. R 0.0201 00389 0.2180

This table reports the effect of distance between firms and the local EPA on firms™ energy
efficiency. The dependent variable is firms’ energy efficiency (EE). The independent variable
is the logarithmic of the distance between the firm and the local EPA (Distance). ** and ***
denote significance at the 5% and 1% levels, respectively. Standard errors clustered to the city
level are in parentheses. The bold values indicate the coefficients of interest in this regression.
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Size The logarithm of its total assets

Lev The ratio of total liabilities to total assets
Roa The ratio of net income to total assets
Age Age of the firm since inception

RatioKL The capital-labor ratio of the firm

Export

The logarithm of a firm’s total exports
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Variables Mean E Min Max Ob:

EE 17001 | 18421 | —0.2135 | 85783 | 133430
Distance 32431 | 14377 | 04303 | 62728 | 133430
Size 101243 | 34770 | 80633 | 19.9789 | 133430
Lev 05121 | 02793 | 00156 | 09255 | 133430
Roa 16212 | 46204 | 08829 | 158501 | 133430
Age 97791 | 140272 | 10000 | 65.0000 | 133430
RatioKL 150701 | 17.0321 = 00055 | 67.0733 | 133430
Export 47811 | 7.7870 | 00000 | 195331 | 133430

EE is the energy efficiency of enterprises. Distance is the logarithm of distance between the
firm and the local EPA. Size is measured using the logarithm of its total assets. Lev is the
ratio of total liabilities to total assets. Roa is the ratio of net income to total assets. Age is the
number of years since the establishment of the enterprise. RatioKL is the capital-labor ratio of

enterprises. Export is the logarithm of a firm’ total exports.
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