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To reduce the increasingly severe air pollution caused by rapid industrialization, China has introduced a National Industrial Relocation Demonstration Zones (NIRDZs) policy. This paper takes the NIRDZs as a quasi-natural experiment and employs the difference-in-differences (DID) method to test the effects of industrial relocation on air pollution based on panel data of 285 prefecture-level cities from 2003 to 2018. Results show that the NIRDZs have an inhibitory effect on SO2 emissions, although their local effect is significant in the first 5 years and their spillover effect only occurs within 50–100 km. Mechanism analysis reveals that the NIRDZs reduce air emissions by rationalizing and upgrading the industrial structure. Additionally, further discussions suggest that cities with moderate administrative areas and abundant natural resources should be prioritized as pilot cities, and industries including nonferrous metals, steel, automotive, new energy, new materials, and producer services should be designated as priority industries.
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1 INTRODUCTION
Over the past decades, China has experienced rapid urbanization and industrialization, consuming more than 20% of the world’s energy. However, although the extensive development has been beneficial to China’s economy, it has also resulted in an industrial structure that is overwhelmingly labor-intensive and resource-intensive industries in some parts of the country, especially in the central and western regions. It has caused China to produce a large amount of air pollutants (Ahmad et al., 2020; Li et al., 2021) and even become the largest SO2 emitter since 2005 (Wang et al., 2014). To reverse this situation, the 17th National Congress of the Communist Party of China called for ''accelerating the transformation of economic development mode, promoting the optimization and upgradation of industrial structure, and taking a new path of industrialization with Chinese characteristics''. In this context, reducing pollution emissions while optimizing industrial structure through industrial policies has become a common concern in China.
Industrial relocation is an important part of industrial policies and has attracted the attention of policymakers and researchers alike. Some scholars argue that traditional industrial policies are only aimed at promoting rapid economic growth in specific geographical regions (Luo et al., 2021), such as empowerment zones and enterprise zones in the United States, regional development aid in Europe, and special economic zones in China (Ham et al., 2011; Busso et al., 2013; Lu et al., 2019). Unlike the abovementioned policies, industrial relocation is designed to pursue high-quality development that takes the economy and the environment into account. In other words, industrial relocation seeks to simultaneously achieve industrial optimization and environmental improvement (Zhang et al., 2021). Obviously, this aligns more closely with the concept of sustainable development and therefore is gradually favored by policymakers. Actually, a group of policymakers has already implemented industrial relocation, the representative of which is the National Industrial Relocation Demonstration Zones (NIRDZs) initiated by the Chinese government in 2010.
Although a strand of literature has underlined that industrial relocation contributes to economic performance (Liu T. et al., 2020; Liu and Li, 2021), this is only one of its goals. A question worth discussing is whether industrial relocation has an impact on environmental performance. Meanwhile, some quantitative studies are controversial about the impact characteristics of industrial policy. For example, Song and Zhou (2021) find that its has a long-term effect but Luo et al. (2021) argue that its impact is only short-term. Therefore, what are the spatiotemporal characteristics of industrial relocation affecting air environment? More importantly, what is the influencing mechanism by which it affects air pollution? Additionally, it is also unclear whether the effects will vary across areas and how to better achieve emissions reduction, in view of regional differences (Liu and Qin, 2016), especially beside the usual factors, such as economic development and industrial base (Wang et al., 2015). The answers to these four questions are of great significance for the government to implement and improve industrial relocation based on actual conditions.
One popular hypothesis - the pollution haven hypothesis (PHH)–has been extensively and deeply discussed on the linkage between industrial relocation and pollution emissions (Wang et al., 2019). It suggests that the relocated pollution-intensive industries can alleviate the environmental pressure of transferring cities but may cause unexpected pollution (Zheng and Shi, 2017; Li T. et al., 2019), thereby increasing pollution emissions and harming the ecological environment. Nevertheless, the Porter hypothesis (PH) thinks that the opposite is true (Porter, 1991; Jaffe et al., 1995). It posits that reasonable environmental regulations can promote enterprise innovation, reduce the unit cost of pollution control, and ultimately lower pollutant emissions (Zeng and Zhao, 2009; Ge et al., 2020). Quantitative analysis has found evidence supporting the PH theory (Zhao and Yin, 2011; Rubashkina et al., 2015; Van Leeuwen and Mohnen, 2017) and PHH theory (Yin et al., 2016; Xu et al., 2017; Li K. et al., 2019), respectively. Several empirical studies have attempted to find the reasons for the debate. For example, Lan et al. (2012) hold that PHH or PH largely depends on the host country’s foreign direct investment (FDI). Candau and Dienesch (2017) and Tang (2015) found that the results could be reversed when FDI types and corruption were included in the model. Therefore, given that no consistent conclusion on the relationship between place-based industrial policies and pollution emissions is provided, it is necessary to summarize the theoretical and empirical basis of the conflict phenomenon and make more efforts to reveal the essence of the reality.
This paper attempts to construct a quasi-natural experiment based on the NIRDZs to answer the abovementioned questions. Panel data of 285 cities from 2003 to 2018 are used for empirical testing. We first investigate the impact of the NIRDZs policy on air pollution and then carry out a series of robustness tests, including a time trend test, PSM-DID estimation, placebo test, and concurrent test, to ensure the reliability of the estimated results. On this basis, we further study the spatiotemporal characteristics of policy effects. Meanwhile, we construct a mediating effect model to test whether the NIRDZs policy reduces air pollution through industrial structure optimization. In addition, we test the heterogeneity of policy effects in different cities and industries.
The five contributions of this research can be summarized as follows. First, the impact of the NIRDZs on air pollution is evaluated for the first time, which enriches the literature on industrial policies from the perspective of environmental economics. Second, it is challenging to eliminate endogenous problems by relying on metrology technology alone, but the quasi-natural experiment constituted by the NIRDZs provides such an opportunity (Lu et al., 2020), so the difference-in-differences (DID) approach is adopted to investigate policy effects. Third, this paper examines the impact of the NIRDZs policy on SO2 emissions and analyzes its temporal and spatial heterogeneity. Compared with previous literature on policy effects, our results are more specific and in-depth. Fourth, to prevent slipping into a ''policy trap'' from an environmental perspective, the mediating effect analyzes the impact mechanism, making our results more valuable for reference. Finally, given regional heterogeneity and industrial heterogeneity, this study discusses the selection of pilot cities and relocated industries, which provides a factual basis for optimizing industrial policies in the later stage.
The remainder of this paper is organized as follows. Section 2 introduces the institutional background and hypotheses development. Section 3 briefly interprets the methodology and data. Section 4 presents the results and discussion. Section 5 explores the selection of pilot cities and relocated industries. Section 6 concludes.
2 INSTITUTIONAL BACKGROUND AND HYPOTHESES DEVELOPMENT
2.1 Institutional Background
Since the reform and opening up, the eastern region, with its unique geographical location and national policy support, has actively introduced foreign capital and undertaken international industries, which has promoted the vigorous development of labor-intensive and export-oriented manufacturing in the eastern region. However, with the excessive agglomeration of industrial factors, the crowding effect not only began to appear in the eastern region, but its environmental carrying capacity has also reached the upper limit. Notably, after the international financial crisis, the prices of production factors such as labor, land, and raw materials in the eastern region rose sharply, and its location advantages and cost advantages have been greatly offset. Consequently, the eastern region is eager to transfer labor-intensive and resource-intensive industries to provide sufficient space for high-tech and emerging industries. Meanwhile, the relative competitiveness of industrial development in the central and western regions has been significantly enhanced, thanks to abundant mineral resources, low factor costs, large market potential, and an increasingly perfect infrastructure. Under such circumstances, the central government has implemented the NIRDZs policy to promote industrial relocation from the eastern to the central and western regions.
Although the government has not explicitly formulated policy text related to environmental governance to guide the construction of the NIRDZs, it has put forward detailed environmental requirements in all guidance documents. In 2010, the “Guiding Opinions of the State Council on Industrial Relocation in the Central and Western Regions” clearly stated that resource carrying capacity and ecological environment capacity should be taken as an important basis for industrial relocation, and resource conservation and environmental protection should be strengthened to promote the coordination among economy, resources, and environment. Meanwhile, the “The Guidance Catalogue for Industrial Development and Transfer” issued in 2018 also requires all regions to firmly establish and practice the concept that green waters and green mountains are as valuable as mountains of gold and silver, strictly adhere to the bottom line of not destroying the ecological environment, and prevent cross-regional pollution transfer.
Obviously, the central government has clearly imposed stringent restrictions on resource utilization and air pollution in the NIRDZs. Pollution reduction is not only one of the original intentions of the central government to formulate the NIRDZs policy but also one of the inherent requirements for sustainable development, and it has been closely concerned by policymakers and researchers. Therefore, the practical effect of the NIRDZs policy on air pollution emissions should be systematically investigated to identify its environmental performance.
2.2 Hypotheses Development
2.2.1 Effect Analysis
Environmentally friendly development is an integral part of the expected objectives for NIRDZs policy as a special economic zone (Zheng et al., 2016; Alkon, 2018; Xi et al., 2021). To achieve this goal, pilot cities have introduced a series of pollution control measures. For example, they have raised environmental protection thresholds and industry selection standards to curb the entry of polluting industries (Wang and Luo, 2020). Meanwhile, they have implemented an environmental impact assessment system, which restrains corporate pollution behavior, raises public environmental awareness, and encourages local governments to strengthen pollution control (Zhang et al., 2016). Additionally, they have been required to implement cleaner production systems and cleaner production audits to force enterprises to apply advanced technologies, such as energy conservation, water conservation, material conservation, and environmental protection (Liao and Shi, 2018). Finally, pilot cities have introduced stricter total pollutant discharge control systems, and improved energy-saving and emission-reduction indicators and environmental monitoring and assessment systems, which have been proven to play an essential role in inhibiting air pollution (Zhu et al., 2014; Květoň and Horák, 2018; Miao et al., 2019). Therefore, Hypothesis 1 is proposed:
H1
The NIRDZs policy has a significant inhibitory effect on air pollution.
2.2.2 Heterogeneity Analysis
Place-based policies reveal strong heterogeneity over time and space (Faggio et al., 2017; Zheng et al., 2017). As China’s economic system reforms deepen, the first-mover advantages and institutional rent in areas that implement the place-based policies will gradually decrease over time, and the subsidies provided by the central government will also be partially or fully capitalized into land rent (Krupka and Noonan, 2009). Therefore, the effects of place-based policies may diminish or even disappear with the time policies are implemented (Glaeser and Gottlieb, 2008). Some quantitative analysis supports this finding. For instance, O'Keefe (2004) found that California’s enterprise zone increased the employment rate by 3% each year during the first 6 years, but it did not sustain an impact. Taking the enterprise free zone of the Paris region as an example, Gobillon et al. (2011) found that place-based policies can only temporarily stimulate employment.
According to the space economics theory, the core area where place-based policies are implemented will produce a siphon effect on the production factors in the surrounding areas, which results in a specific range of growth shadows (Cuberes et al., 2021). In other words, place-based policies may reduce economic growth and pollution emissions by inhibiting corporate production activities in the peripheral areas that are too close to the core area (Jia et al., 2020). When the spatial distance between areas reaches a specific range, the peripheral areas will not fall into the trap of growth shadows, and place-based policies will have a spillover effect to inhibit pollution emissions in the peripheral areas (Alder et al., 2016). However, as the spatial distance between areas further expands, the spillover effect of place-based policies will gradually decrease or even disappear, and its impact on the peripheral areas will no longer be significant (Cao, 2020). Much empirical evidence has supported this theory (Kline and Moretti, 2014; Briant et al., 2015; Faggio, 2019). Therefore, Hypothesis 2 is proposed:
H2
The NIRDZs policy only curbs air pollution in the short term and has a spillover effect within a specific spatial range.
2.2.3 Mechanism Analysis
Generally, enterprises in transferring areas possess more advanced production technologies and management concepts than those in undertaking areas (Tian et al., 2019). The NIRDZs policy will promote technology spillover and knowledge diffusion through formal and informal channels during the interaction between the two parties (Jindra et al., 2009). It helps to change the energy consumption structure by promoting renewable energy (Lin and Zhu, 2020) and reducing energy consumption and pollution emissions (Rasiah et al., 2014; Khan et al., 2020). More importantly, renewable energy may reduce production costs (Driessen et al., 2013), encouraging enterprises to consume renewable energy and ultimately forming a closed-loop benign feedback cycle mechanism for clean production (Li K. et al., 2019).
The NIRDZs policy will accelerate industry convergence between existing and relocated industries. Industry convergence can reduce the uncertainty of business operations, optimize the production structure and product quality, and then improve energy efficiency (Yang et al., 2020). Meanwhile, industrial convergence can reduce transaction costs, innovation costs, and transportation costs, as well as promote enterprises to share polluting facilities and technologies, resulting in energy conservation and emission reduction (Dou and Zhang, 2015). In addition, industry convergence can promote regional metabolism, which will improve the operating efficiency of traditional industries by popularizing low-energy and low-emission production patterns (Cao et al., 2020).
The construction of the NIRDZs is inseparable from the support of new-generation information technologies. The central government also tends to prioritize promoting and popularizing new-generation information technologies in pilot cities to play its exemplary role. New-generation information technology industry may drive modern service industries, such as information services, R&D and design, quality inspection, and business services, and create more potential economic growth points oriented by talents, technology, and knowledge (Yang et al., 2021). This will drive the rapid development of emerging industries characterized by high added value, high technology, and low energy consumption, improving regional resource utilization and reducing pollution emissions (McDowall et al., 2018). Notably, emerging industries can also provide experience and reference for industrial upgradation and clean production in traditional sectors (Ek and Soederholm, 2010). Therefore, Hypothesis 3 is proposed:
H3
The NIRDZs policy reduces air pollution by promoting industrial structure rationalization and industrial structure upgradation.
3 METHODOLOGY AND DATA
3.1 Econometric Methodology
The DID method can effectively evaluate the treatment effect by comparing the pre-treatment and post-treatment differences between the treatment group and the control group, so it is widely used in empirical research related to policy evaluation (Liu X. et al., 2020). In this study, the NIRDZs policy provides a quasi-natural experiment setting for investigating the effects of industrial relocation on air pollution. However, as reported in Supplementary Table A1, the NIRDZs policy is gradually implemented in different cities in different years (Li et al., 2016). Therefore, we employ a multi-period DID method to construct the model as follows:
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where the subscript i and t denote the city and the year, respectively. APit is the air pollution of ith city in year t. didit is the interaction term of the dummy variable of policy implementation and the dummy variable of the policy implementation period. If the city i belongs to the treatment group and the year t belongs to the policy implementation period, [image: image], otherwise, [image: image]. [image: image] is the interesting parameter that needs to be estimated, reflecting the actual effect of the NIRDZs policy on air pollution. [image: image] denotes control variables. [image: image] and [image: image] are the city and year fixed effect, respectively; [image: image] is the error term.
Referring to Jacobson et al. (1993) and Li et al. (2016), we use the event study to identify whether DID method satisfies the parallel trend assumption and investigate the temporal heterogeneity of the NIRDZs policy on air pollution.
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where the dummy variable [image: image] represents the NIRDZs policy event. Assuming that the year of the city [image: image] participated in the NIRDZs policy is [image: image] and [image: image]. When [image: image], [image: image], otherwise, [image: image]. Similarly, when [image: image], [image: image], otherwise, [image: image]; when [image: image], [image: image], otherwise, [image: image]. This study uses the first year before policy implementation as the base period in the specific regression analysis (i.e., [image: image]), so the dummy variable [image: image] is not included in the equation. The temporal heterogeneity can be tested according to the parameter [image: image].
Next, we conduct the following model along the lines described by Cao (2020) to evaluate the spatial heterogeneity of the NIRDZs policy on air pollution.
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where the parameter s ([image: image]) represents the geographic distance between cities. Assuming that the NIRDZs policy is implemented within the spatial distance (s - 50, s] in the city i in year t, [image: image]; otherwise [image: image]. For example, [image: image] indicates whether the NIRDZs policy is implemented within 50 km of the city i in year t. In the regression analysis, this study uses 50 km as the basic unit and reports the estimated results when [image: image], respectively. The spatial heterogeneity effect can be tested according to the parameter [image: image].
Lastly, this paper employs the analytical framework adopted by Edwards and Lambert (2007) to analyze the impact mechanism of the NIRDZs policy on air pollution.
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where M represents the mediating variables, and the other parameters are defined as above.
3.2 Variables Description
3.2.1 Explained Variable
As a major air pollutant, SO2 has been closely monitored by various countries since the 1970s and has become the most commonly used indicator to measure the degree of air pollution (Yang et al., 2018). Xu et al. (2021) hold that compared to the absolute value of SO2 emissions, per capita SO2 emissions are a more scientific variable to reflect air pollution as it takes population factors into account. Thus, SO2 emissions per 100 people (SE) are used to represent air pollution for empirical analysis.
3.2.2 Explanatory Variable
The core explanatory variable is didit, which is the policy variable of the NIRDZs. Given that various cities may be affected diversely by the NIRDZs policy, pilot cities are classified according to administrative areas, resource endowments, and relocated industries to investigate the heterogeneity of policy effects and discuss how to improve the NIRDZs policy.
3.2.3 Control Variables
Referring to the existing literature, the following factors are introduced as control variables. 1) Gross regional product (GRP) per capita (EG) estimates the effect of economic growth on air pollution and should therefore be taken into consideration (Li et al., 2020; Hao et al., 2021). This index is adopted after adjustment, using 2003 as the base year. 2) Public transport per ten-thousand people (PT) is expected to reflect the infrastructure construction in urban areas (Zhou et al., 2019), and can be used to investigate the impact of public transportation (Yang et al., 2018). 3) The ratio of household registered population at the end of the year to the administrative area (PD) is employed to control the difference in pollution emissions caused by the local population (Yi et al., 2020). 4) Per capita power consumption (PC) captures the air pollution caused by the power industry with high pollution and high emissions (Yang et al., 2020). 5) The ratio of import and export volumes to gross regional product (TO) controls the trade openness effect, which can change the city’s comparative advantage in favor of cleaner manufacturing and production (Ren et al., 2021; Ren et al., 2022a; Ren et al., 2022b).
3.2.4 Mediating Variables
Industrial structure rationalization (ISR) implies integration and coordination among industries, which reflects resource utilization efficiency (Zhang et al., 2020). Based on Zhu et al. (2019), this index is measured using the equation:
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where [image: image] represents the ratio of the added value of the industry [image: image] to GRP in year [image: image], [image: image] indicates the labor productivity of the industry [image: image] in year [image: image].
Industrial structure upgradation (ISU) refers to transferring to the tertiary industry and is implicit in changes in industrial structure, which is reflected in the share of output value among different industries (Romano and Traù, 2017). Drawing on Wu et al. (2019) and Liu et al. (2021), this index is measured by the ratio of added value between the tertiary industry and the second industry.
3.3 Data Sources
Since the number of missing values for SO2 emissions increased significantly after 2018 and the data for 12 cities were not available during the survey period, the sample consists of a panel dataset for 285 cities in mainland China covering the period from 2003 to 2018, leading to 4,560 observations. According to the difference that whether the selected cities have been included in the NIRDZs, 31 pilot cities (Xiangxi Tujia-Miao autonomous prefecture is excluded because the data for several variables were not available) are classified into the treatment group, and 254 cities are put into the control group.
The original data of this study comes from the CEIC China Economic Database and Chinese Research Data Services Platform, and the missing values are supplemented by interpolation. The descriptive statistics of all variables are presented in Table 1.
TABLE 1 | Summary statistics.
[image: Table 1]4 RESULTS AND DISCUSSION
4.1 Baseline Results
The estimated results are reported in Table 2. Column 1) shows the estimated coefficient of did is significantly negative without considering other variables. After adding control variables, Column 2) indicates the negative effect of the NIRDZs policy is also significant, and the estimated coefficient of did is -0.466. Column 3) considers the year fixed effect and city fixed effect; it is obvious that the results are still consistent with the above findings. The estimated coefficient of did is -0.494, indicating that the NIRDZs policy has reduced SO2 emissions per 100 people by 0.494 units. Therefore, we argue that compared with the control group, the NIRDZs policy significantly abates air pollution in the treatment group, verifying H1. This is consistent with the findings of Li T. et al. (2019), who argue that the overall effect of industrial relocation is positive and can reduce energy consumption and pollution emissions.
TABLE 2 | Baseline results of NIRDZs policy on SO2 emissions.
[image: Table 2]4.2 Robustness Test
4.2.1 Time Trend Test
The prerequisite for adopting a multi-period DID method is that the sample satisfies the time trend hypothesis; that is, there is no significant difference in SO2 emissions between pilot cities and non-pilot cities before the NIRDZs policy is implemented. We employ Eq. 2 to test the time trend hypothesis. As shown in Figure 1, the parameter [image: image] is not statistically significant before the NIRDZs policy is implemented, indicating that air pollution in the treatment group and the control group have a common trend before policy implementation, thus verifying the parallel trend hypothesis.
[image: Figure 1]FIGURE 1 | Temporal heterogeneity.
4.2.2 PSM-DID Estimation
To address sample selection bias, we combine the DID method with propensity score matching (PSM). We first use the PSM to match them based on the systematic differences between pilot and non-pilot cities and adopt the policy dummy variable to conduct regression analysis on matching variables to get propensity scores. Referring to Du et al. (2021), per-capita GRP, public transport, industrial structure, and population density are used as matching variables. Next, we match pilot and non-pilot cities based on matching variables and propensity scores. In this study, the nearest neighbor matching method is used to conduct 1:1 pairing, and the successfully matched samples are finally retained to make the samples more in line with the prerequisites of DID approach that the treatment group and the control group satisfy the homogeneity hypothesis.
The estimated results using the PSM-DID method are reported in Column 1) of Table 3. As can be seen, the coefficient of did is negative and passes the 5% significance test, indicating that the NIRDZs policy still has a significant negative impact on air pollution in pilot cities, which is consistent with the baseline results.
TABLE 3 | Robustness checks.
[image: Table 3]4.2.3 Placebo Test
To further test the baseline results, we use the counterfactual analysis method to conduct a placebo test. Specifically, we assume that the policy is implemented 1 or 2 years in advance to construct the pseudo-implementation time of the NIRDZs policy. If the coefficient of did is not significant, it means that the NIRDZs policy does have an inhibitory effect on air pollution. Otherwise, it implies that the inhibitory effect is caused by other unobservable factors, and the abovementioned findings are unreliable (Yang et al., 2019; Pan and Tang, 2021).
The estimation results are shown in Columns 2) and 3) of Table 3. Regardless of whether the policy implementation time is advanced by 1 or 2 years, the coefficient of did is not significant, indicating that the NIRDZs policy has no significant impact on SO2 emissions before the base year. Therefore, it is reasonable to believe that actual policy implementation plays an essential role in reducing air pollution, and our findings are robust.
4.2.4 Concurrent Event
In this study, the impact of the NIRDZs policy on air pollution will inevitably be disturbed by other events, so the estimates might be biased. To identify and address this problem, we search for other events that occurred in the years after the NIRDZs policy was implemented. After the new government came into being in 2013, it attached great importance to environmental protection and promulgated a series of environmental protection policies, laws, and regulations to solve the increasingly severe air pollution. Thus, we have reason to believe that the various environmental protection measures implemented by the new government have produced pollution reduction effects, which implies that the actual effect of the NIRDZs policy may be overestimated. Based on Zhang and Zhang (2020), we conduct a robustness check by excluding the 2013–2018 data from the benchmark model.
Column 4) of Table 3 shows the results that the samples after 2012 are excluded. The coefficient of did is -0.258 and passes the 5% significance test, indicating that the results are consistent with Table 1 except that the coefficient has declined. Therefore, although the inhibitory effect of the NIRDZs policy on SO2 emissions is overestimated, there is indeed a statistically negative correlation between the two.
4.3 Heterogeneity Test
To test the temporal heterogeneity of the NIRDZs policy on air pollution, Figure 1 reports the changing trend of the parameter [image: image] in Eq. 2 under the 95% confidence interval. With the increase of policy implementation years, the inhibitory effect of the NIRDZs policy on air pollution in pilot cities roughly experiences a process of first increasing, then decreasing, and finally disappearing. Specifically, from the first year to the fourth year after policy implementation, the inhibitory effect constantly increases and reaches the maximum in the fourth year. In the fifth year, the inhibitory effect gradually decreases. Starting from the sixth year, the impact of the NIRDZs policy on air pollution became insignificant. The results imply that the inhibitory effect of the NIRDZs policy on air pollution is temporally heterogeneous.
To investigate the spatial heterogeneity of the NIRDZs policy on air pollution, Figure 2 describes the changing trend of the parameter [image: image] in Eq. 3 under the 95% confidence interval. As the geographical distance increases, the inhibitory effect of the NIRDZs policy on air pollution in surrounding cities first decreases, then increases, and finally decreases. Specifically, the growth shadow is within 50 km, which means that policy implementation in pilot cities may worsen air pollution in surrounding cities within 50 km. For surrounding cities within 50–100 km, the policy has a significant inhibitory effect on their SO2 emissions. After the spatial distance exceeds 100 km, the policy on SO2 emissions in surrounding cities becomes insignificant. Therefore, the inhibitory effect of the NIRDZs policy on air pollution in surrounding cities is spatially heterogeneous.
[image: Figure 2]FIGURE 2 | Spatial heterogeneity.
In summary, the NIRDZs policy has an inhibitory effect on SO2 emissions, but its local effect is only significant in the first 5 years and its spillover effect only occurs within 50–100 km, which verifies H2. On the one hand, this finding is consistent with previous studies. For example, Wang and Qiu (2021) found that the pilot policy has only a short-term impact. The reason is that in the early stage of policy implementation, environmental governance is an important part of performance appraisal. However, local governments will take advantage of the central government’s information asymmetry to relax environmental governance over time. On the other hand, this finding is consistent with agglomeration economic theory. If the non-pilot cities are too close to the pilot cities, the existence of agglomeration shadows may cause the pilot policy to have insignificant emission reduction effects on surrounding cities. As the geographic distance between cities expands, non-pilot cities can eliminate agglomeration shadows and gain a series of benefits from the pilot policy, such as technological spillovers and economic growth. However, when the spatial distance between cities is too large, the spillover effect of the pilot policy will gradually weaken and become insignificant.
4.4 Mechanism Test
This section investigates the impact mechanism of the NIRDZs policy, and the results are shown in Table 4. Columns 1) and 2) provide the industrial structure rationalization results as a mediating variable. The coefficients of did on ISR and ISR on SE are -10.610 and 0.001, respectively; both pass the significance test and are consistent with the sign of did on SO2 emissions after considering a mediating variable. The results indicate a partial mediating effect, and the ratio of mediating effect to total effect is 2.15%. Columns 3) and (4), which use industrial structure upgradation as a mediating variable, indicate that the coefficients of did on ISU and ISU on AP are significantly positive and negative, respectively. Meanwhile, after adding the mediating variable, the coefficient of ISU on SO2 emissions is statistically negative. Therefore, this result indicates that there is a partial mediating effect. Based on these estimated coefficients, it can be calculated that the mediating effect accounts for 1.53% of the total effect.
TABLE 4 | Impact mechanism of NIRDZs policy.
[image: Table 4]In summary, the NIRDZs reduce air emissions by rationalizing and upgrading the industrial structure, verifying H3. Notably, comparing the coefficients of did after adding different mediating variables, we find that the change of did is more obvious when industrial structure rationalization is used as the transmission mechanism. This may be because the modern service industry is an endeavor that cannot be accomplished overnight, and then the impact of industrial structure upgradation on air pollution has a time lag.
5 FURTHER DISCUSSION: SELECTION OF PILOT CITIES AND RELOCATED INDUSTRIES
To give full play to the emission reduction effect of NIRDZs policy, it is necessary to identify its differences in various pilot cities and relocated industries. This section analyzes how to select pilot cities based on administrative areas and resource endowments and determine which industries should be relocated based on emission reductions.
5.1 Selection of Pilot Cities
According to the space economics theory, the optimal agglomeration economy is the result of the trade-off between external economy and external diseconomy; that is, the administrative area is too large or too small to be conducive to emission reduction. Taking 5,000 square kilometers as the basic unit, this study divides pilot cities into five types according to administrative areas: less than 5,000 square kilometers, 5,000 to 10,000 square kilometers, 10,000 to 15,000 square kilometers, 15,000 to 20,000 square kilometers, and more than 20,000 square kilometers.
Table 5 provides the estimated results. When the administrative area is less than 5,000 square kilometers, 5,000 to 10,000 square kilometers, and more than 20,000 square kilometers, the coefficient of did is negative but not statistically significant. When the administrative area is between 15,000 and 20,000 square kilometers, the coefficient of did is positive but still not statistically significant. When the administrative area is between 10,000 and 15,000 square kilometers, the coefficient of did is negative and passes the significance test. Therefore, in terms of reducing SO2 emissions, the administrative area should be considered when selecting pilot cities for NIRDZs policy. Straightforwardly, cities with an administrative area of 10,000 to 15,000 square kilometers should be given priority.
TABLE 5 | Selection of pilot cities based on administrative areas.
[image: Table 5]According to the factor endowment theory, regions with abundant natural resources are more inclined to develop resource-based industries, which, in turn, accelerate local resource consumption and pollution emissions (Balsalobre-Lorente et al., 2018). To compare the differences in emission reduction in pilot cities with different resource endowments, we conduct regression analysis according to the list and types of resource-based cities identified by the Chinese government in the “Issues on the National Plan for Sustainable Development of Resource-Based Cities of China (2013–2020)".
Table 6 summarizes the findings. In Columns 1) and 2), the coefficient of did is not significant in non-resource-based cities, while it is statistically negative in resource-based cities, indicating that it may be more appropriate to select resource-based cities as pilot cities from the perspective of emission reduction. This may be because resource-based cities will optimize the industrial structure dominated by resource-intensive industries through relocated industries. Columns 3) to 6) further report the results in different resource-based cities. The coefficients of did in growing, declining, and renewing resource-based cities are significantly negative, indicating that the NIRDZs policy is beneficial to reducing SO2 emissions in these cities. The coefficient of did in maturing resource-based cities is not significant, meaning no emission reduction effect. Maturing resource-based cities have more abundant natural resources and lower energy costs, and production factors including labor and capital are mainly deployed in resource-based enterprises. The government will not immediately shut down its resource industries to maintain economic stability and reduce unnecessary frictional and structural unemployment.
TABLE 6 | Selection of pilot cities based on resource endowments.
[image: Table 6]5.2 Focus of Relocated Industry
According to the Catalogue for Guidance on Industrial Development and Transfer (2018) issued by China, the central government mainly supports pilot cities to relocate 19 industries: light industry (T1), textile (T2), food (T3), nonferrous metals (T4), steel (T5), building materials (T6), producer services (T7), electronic information (T8), chemical industry (T9), pharmaceutical (T10), machinery (T11), automotive (T12), rail transit (T13), ship and marine engineering equipment (T14), aerospace (T15), intelligent manufacturing equipment (T16), new energy (T17), new material (T18), and energy-saving and environmental protection industry (T19). We divide pilot cities into two types according to whether they have relocated a particular industry and then analyze their coefficients to determine whether the industry should be relocated. The results are shown in Table 7.
TABLE 7 | Focus of relocated industries based on air pollution.
[image: Table 7]For nonferrous metals, steel, producer services, automotive, new energy, and new materials, the coefficients of did in pilot cities that relocate and do not relocate them are significantly negative and not significantly negative, respectively, indicating that the abovementioned industries contribute to reducing SO2 emissions and local governments should actively relocate and develop them. Besides, it can be found that the absolute value of did in the new energy is the largest, suggesting that new energy has the strongest inhibitory effect on air pollution and should be given priority.
For light industry, electronic information, chemical industry, and aerospace, the coefficients of did in pilot cities that relocate and do not relocate them are negative but statistically insignificant. This implies that the abovementioned industries have no substantial impact on SO2 emissions. In other words, although the abovementioned industries do not reduce pollution, they will not worsen the environment, and pilot cities can relocate these industries to pursue economic performance according to local conditions.
For other industries, including textile, food, building materials, pharmaceutical, machinery, rail transit, ship and marine engineering equipment, intelligent manufacturing equipment, and energy-saving and environmental protection industry, the coefficient of did in pilot cities relocating them does not pass the significance test, while the coefficient of did in pilot cities that do not relocate them is statistically negative, indicating that the abovementioned industries are not conducive to energy conservation and emission reduction, and local governments should be cautious in relocating them. Notably, the absolute value of did in the pharmaceutical industry is the largest, which implies that the industry has the strongest contribution to SO2 emissions. China has a vast population, but pharmaceutical resources, an industry closely related to people’s health, are relatively scarce. This makes the government more tolerant of non-low-carbon production and operation in pharmaceutical enterprises, resulting in high consumption, high emission, and high pollution in the pharmaceutical industry.
6 CONCLUSIONS AND POLICY IMPLICATIONS
Air pollution has become one of the focus issues of public concern, and industrial relocation is an essential factor affecting pollution emissions. However, there is little literature to test the linkage between the two empirically. This study takes the NIRDZs policy as a quasi-natural experiment and uses a DID method to estimate the emission reduction effect by constructing panel data of 285 cities from 2003 to 2018. Results indicate that the NIRDZs policy has an inhibitory effect on air pollution. Compared with non-pilot cities, the SO2 emissions per 100 people in pilot cities decreased by 0.49 units. However, the heterogeneity test shows that the NIRDZs policy only has an inhibitory effect in the first 5 years of policy implementation and has a spillover effect in surrounding cities within 50–100 km. The mechanism test reveals that the NIRDZs policy reduced air pollution through industrial structure rationalization and industrial structure upgradation. Further discussion suggests that the NIRDZs policy should be implemented in cities with moderate administrative areas and growing, declining, and renewing resource-based cities. Nonferrous metals, steel, automotive, new energy, new materials, and producer services can help reduce air pollution and should be listed as priority industries.
The findings provide some targeted policy implications for the government dedicated to emissions reduction. First, the NIRDZs policy has a unique advantage in promoting the local economy while simultaneously reducing air pollution. Therefore, the central government should expand the policy scope and improve the policy efficiency by rationally selecting pilot cities according to administrative areas and resource endowments. Second, considering industry heterogeneity, local governments should prioritize relocated industries that contribute to energy conservation and emission reduction, such as new energy, new materials, and production services. For sectors that may aggravate pollution emissions, local governments must raise environmental entry barriers and implement daily inspections on pollution control and emission reduction to eliminate new pollution sources. Third, local governments should play the role of gatekeepers. In the process of industrial development, local governments must clarify their role and positioning, avoid management offside, and let the market play a decisive role. Meanwhile, in fields that require government support, such as human, financial, and material resources, local governments should also prevent management absence and provide corresponding support without violating market discipline. Finally, local governments should explore stable collaborative mechanisms to stimulate potential added value in terms of industrial relocation and environmental governance. Most pilot cities located in the same zone are geographically adjacent. The regional collaborative mechanism between them can reduce transboundary pollution and avoid inefficient resource utilization caused by industry isomorphism (Xu and Wu, 2020).
This study adds new insights into industrial relocation, but much remains to be done. The first is that the impact of the rebound effect caused by technological progress on reducing air pollution needs to be examined (Pérez-Urdiales and Baerenklau, 2019). Meanwhile, whether the reduction in air pollution comes from the impact of other events still needs further investigation. Additionally, another line of research worth pursuing is the use of micro-enterprise data to recognize the environmental performance of the NIRDZs policy.
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