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In this paper, we systematically explore the environmental effects of the export tax rebate rate reduction policy using the China Industrial Enterprise Database, the China Industrial Enterprise Pollution Database, and the China Customs Import and Export Database from 2005 to 2013. Our difference-in-difference (DID) estimates show that the reduction in the export tax rebate rate significantly reduces the intensity of corporate soot emissions, and this finding holds after a series of robustness tests. For every 1-unit reduction in export tax rebate rate, industrial exporters’ soot emission intensity decreases by 2.63%. The mechanism analysis shows that the decrease in soot generation, the decrease in coal use intensity, the increase in total amount and efficiency of soot treatment are important channels. Heterogeneity analysis shows that the reduction of export tax rebate rate has a more significant impact on the intensity of soot emissions of high pollution, high energy consumption and resource-based enterprises. This study may provide a reference for other developing countries that also rely on export tax rebates to adjust their policies to combine economic growth with pollution control.
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1 INTRODUCTION
Since the reform and opening up in 1978, China’s foreign trade has grown rapidly. By the end of the 20th century, China had become an important global trading country and successfully joined the WTO in 2001 (Hu and Tan, 2016; Yu and Luo, 2018; Kong et al., 2021; Xu et al., 2022). Many scholars attribute the growth of China’s exports to China’s export promotion policies, of which the export tax rebate policy is an important one (Chandra and Long, 2013; Lee et al., 2021). The export tax rebate policy is to encourage the development of export trade in China by refunding the VAT and excise tax paid in the domestic production and operation of export goods in accordance with the tax law (Song et al., 2015). Export rebates are often adjusted to promote or discourage the export of certain products. In fact, besides China, countries such as South Korea, Pakistan, Bangladesh, Malaysia, Brazil and Mexico also use export tax rebate policy as an important tool to promote foreign trade (Mah, 2007; Ahmed et al., 2014; Ayob and Freixanet, 2014).
Along with the rapid expansion of foreign trade, the environmental pollution problems caused by export enterprises have become increasingly serious. Many empirical studies have concluded that the emissions of Chinese exports are significant (Peters et al., 2007; Peters and Hertwich, 2008; Weber et al., 2008; Zhang, 2012). Among the various factors that increase trade expansion and related pollution, export tax rebates have played an important role, particularly in highly polluting sectors such as “leather products”, “paper products”, “petroleum and coke products”, “chemical, rubber, and plastic products” and “ferrous metals” (Song et al., 2015).
The Chinese government has long been aware of the need to promote green trade development and has tried to find feasible solutions to improve the quality of trade exports and reduce environmental pollution. In terms of export tax rebate rate policy, as early as 1995, China reduced the export tax rebate rate for coal and industrial products in the hope of improving carbon emissions and environmental pollution. However, in 1998, due to the financial crisis and in order to stimulate trade development, the Chinese government increased the export tax rebate rates for coal, steel, aluminum and some metal raw materials (Jiang and Chen, 2020). In 2005, in order to adjust the product structure of foreign trade and encourage the increase of the proportion of trade exports of environment-friendly enterprises, China reduced the export tax rebate rates of some highly polluting, energy-consuming and resource-based products. At the same time, the export tax rebate rates for IT products and pharmaceutical products were raised to stimulate the trade competitiveness of low energy-consuming and innovative enterprises (Xu, 2018; Braakmann et al., 2020). In 2007, the Chinese central government adjusted the export tax rebate policy again. The purpose of this large-scale policy adjustment is to promote sustainable economic development and environmental protection, and to curb the development of resource-based and highly polluting trade industries. Specifically, the scope of this export tax rebate policy adjustment involves 37% of all goods in the customs, and 553 export tax rebates for highly polluting, energy-consuming and resource-based goods have been cancelled. China’s average export tax rebate rate was reduced by 5.9%, and the export tax rebate rate for highly polluting, energy-consuming and resource-based products, such as part of steel and chemicals, was reduced by 11.1% (Song et al., 2015).
In this paper, we analyze the environmental effects of export tax rebate rate reduction based on the DID method using the China Industrial Enterprise Database, the China Industrial Enterprise Pollution Database, and the China Customs Import and Export Database from 2005 to 2013. The regression results show that the reduction of export tax rebate rate significantly reduces industrial exporters’ soot emissions, and this conclusion still holds after a series of robustness tests. For each 1-unit decrease in export tax rebate rate, industrial exporters’ soot emission intensity decreases by 2.63%. The mechanism analysis shows that the reduction of export rebate rate leads to the reduction of pollution emission, the reduction of coal use intensity, the increase of pollution treatment and the increase of soot treatment per hour, which in turn leads to the reduction of soot emission intensity of industrial enterprises. Heterogeneity analysis shows that the reduction of export tax rebate rate has a more significant impact on the intensity of soot emissions of high pollution, high energy consumption and resource-based enterprises.
To the best of our knowledge, this is the first study that utilizes longitudinal data to empirically examine the impact of export tax rebate reform on industrial exporters’ soot emissions in China. We enrich the existing literature in the following aspects: 1) This study examines the impact of environmental export tax rebate policy on enterprises’ emission behavior at the micro-enterprise level by using unique data on enterprises’ production, export and emission. 2) We innovatively use a comprehensive soot emission indicator as the dependent variable, which is different from previous literature that uses indicators such as carbon dioxide and sulfur dioxide as proxy variables to measure enterprises’ emission. 3) Based on the heterogeneity of the impact of export tax rebate policy on the emission behavior of enterprises with different property rights and industries, this paper further classifies the sample by property nature and industry.
The remainder of this paper is organized as follows. Section 2 presents a review of the existing literature on the subject. Section 3 introduces the data and identification strategy. Section 4 reports the main empirical results. Section 5 presents the discussions. Finally, concluding remarks on policy implications are summarized in Section 6.
2 LITERATURE REVIEW
2.1 The impact of export tax rebates on trade
Most of the available literature has concluded that export tax rebate policies have a positive trade promotion effect (Chen et al., 2006; Mah, 2007; An et al., 2017; Bao et al., 2017; Liu and Ge, 2018; Zhang, 2019). Chao et al. (2001) studied the impact of export tax rebates on trade by developing a general equilibrium model using Chinese data from 1985 to 1999 and found that there was a significant export promotion effect of export tax rebates in the short run. Using a partial equilibrium model, Chen et al. (2006) found that export tax rebates increased the output and profits of domestic exporters and that China’s net exports and foreign exchange reserves showed a significant positive relationship with export tax rebate policy. Mah (2007) examined the effectiveness of the tax rebate system in promoting exports in Korea, where the development strategy was often characterized as export-led growth, assuming infinite elasticity of export demand, and found that the tax rebate system contributed significantly to export promotion. Zhang (2019) assessed the impact of export tax rebates on firms’ total factor productivity using a panel of large manufacturing firms in China from 2007–2015 and found that export tax rebates expanded firms’ exports and acted as an alternative financial channel to increase firms’ total factor productivity. Zhang et al. (2022) examined the relationship between export tax rebates and productivity using firm-level data for China from 2000 to 2007. They found that a one-percentage-point reduction in the export tax rebate rate could increase a firm’s total factor productivity (TFP) by about .1 percentage points.
The export tax rebate policy is actually a preferential tax policy to encourage exports. However, the impact of different tax policies on exports is different. Nguyen (2014) found that tariff reductions following 12 bilateral FTAs and one regional FTA between Japan and countries such as Singapore, Mexico, and Malaysia had increased the scale of product exports. Mai and Stoyanov (2015) examined the impact of CUSFTA on Canadian trade flows and found that a .3%–.35% reduction in tariff levels significantly contributed to Canadian trade growth. Sun et al. (2020) combined a multisectoral dynamic computable general equilibrium model with an ecological footprint evaluation and found that energy taxes increased the export of the ecological footprint but reduced its import.
2.2 Environmental impacts of trade
The pollution halo hypothesis and the pollution haven hypothesis are the two representative inconsistent views regarding the impact of trade on the environment. The pollution halo hypothesis suggests that trade will lead to environmental improvement because foreign trade will bring advanced technology and management experience to developing countries, which in turn will improve their production methods and integrated environmental management (Bokpin, 2017; Singhania and Saini, 2021). Tsai (1999) used a partial equilibrium strategic trade framework to show that trade liberalization can improve environmental quality. Antweiler et al. (2001) developed a theoretical model to divide trade’s impact on pollution into scale, technique, and composition effects and then examined this theory using data on sulfur dioxide concentrations. They found that trade liberalization appeared to be good for the environment. Eskeland and Harrison (2003) found that multinational firms were more energy efficient and more likely to adopt clean energy than local firms using data from Mexico, Côte d'Ivoire, Morocco and Venezuela. Asghari (2013) reached similar conclusions using data from the Middle East and North Africa. Xu et al. (2022) analyzed the impact of foreign trade on green total factor energy efficiency in China using panel data for 30 provinces from 2004–2017, and the results of the spatial Durbin model suggested that an increase in imports not only led to economic growth, but also had a positive impact on regional green total factor energy efficiency.
In contrast, according to the pollution haven hypothesis, developed countries will use outward investment to shift their pollution-intensive industries to developing countries with less stringent environmental regulations to avoid the increase in production costs of polluting industries due to stringent environmental regulations in their countries (Acharyya, 2009). Chung (2014) studied the investment and trade data of the industrial sector in Korea and found that polluting industries tend to move to countries with less stringent environmental regulations. Bokpin (2017) used 24 years of panel data (1990–2013) for Africa to investigate the impact of FDI inflows on ecosystems. The combined empirical results showed that increased FDI inflows significantly exacerbated environmental degradation and negatively affected environmental sustainability. Bu et al. (2019) argued that pollution-intensive industries and industries with low levels of environmental protection were more likely to invest in countries or regions with less stringent environmental regulations, and multinational companies with high environmental protection technologies tended to invest in regions with higher environmental regulations, so countries or regions with lax environmental regulations became pollution havens; Zhang (2019) found that trade benefited developed countries, but increased CO2 emissions in developing countries; Tachie et al. (2020) explored the impact of trade openness in developed countries using 18 EU economies. Mean group (MG) and augmented mean group (AMG) results showed that trade openness increases co2 emissions in the EU18. Using a time series dataset for Uruguay from 1980 to 2018, Awosusi et al. (2022) found that trade liberalization had a catalytic effect on CO2 emissions in both the long and short term, and that Uruguay’s economic expansion had worsened environmental quality in both the long and short term.
2.3 Environmental impact of export tax rebates
From the previous literature review, it is clear that export tax rebates affect trade, and trade affects the environment, so changes in export tax rebates may affect the environment. Some scholars believe that the export tax rebate policy can be an important tool for environmental protection. For example, Song et al. (2015) analyzed the effectiveness of export tax rebate adjustments aimed at alleviating environmental pressure in different periods by means of a computable general equilibrium model. They found that before 2003, high polluting sectors enjoyed higher than average export rebates leading to an increase in pollution emissions, and between 2003 and 2010, the export rebate system reduced support for high polluting export sectors leading to a decrease in emissions. Eisenbarth (2017) used a general equilibrium model for empirical testing and found that the VAT rebate rates were set in a way that discouraged exports of water pollution intensive, SO2 intensive and energy intensive products from 2007 on.
Some other scholars argue that changes in export tax rebate refund policies have a limited effect on environmental protection. For example, By applying a CEEPA (China Energy and Environmental Policy Analysis system) model, Fan et al. (2015) simulated the impacts of the cancellation of export rebates on CO2 emissions and socio-economic consequences, and believed that the export tax rebate policy has a limited role in environmental protection and should not be used as an important tool for environmental protection.
Since export tax rebate policy is one kind of tax policy, the analysis of the impact environment of other tax policies can also provide us with some insights. As a representative tax closely related to the environment, scholars have done a lot of research on environmental tax. Most studies have concluded that environmental taxes can improve environmental quality (Sterner, 2007; Wissema and Dellink, 2007; Lin and Li, 2011; Borozan, 2019). Convery et al. (2007) concluded that environmental taxes may generate $13 billion in revenue for the Irish economy and lead to a 90 percent drop in Ireland’s carbon dioxide emissions. Piciu and Trică (2012) examined the environmental tax and CO2 emissions nexus in EU member nations, and found the inverse relationship between environmental taxes and CO2 emissions. He et al. (2019) also found the influential role of environmental taxes in minimizing the CO2 emissions in OECD economies and China. Wolde-Rufael and Mulat-Weldemeskel (2021) assessed the effectiveness of environmental taxes and environmental policy instruments in reducing CO2 emissions in seven emerging economies over the period 1994–2015, and found that strict environmental policies and environmental taxes were effective in reducing CO2 emissions. Based on data from Chinese listed companies from 2010 to 2019, Wang C et al. (2022) developed an evaluation system for corporate green innovation and found that tax incentives promoted corporate green innovation. However, a few studies have concluded that environmental control policies such as environmental taxes are not effective on the environment. Using interprovincial panel data from 2001–2013, Li and Liu (2015) found that the collection of pollution fees may cause an increase in industrial pollution emissions. Wang and Wei (2020) employed the panel smooth transition regression technique and found that stringency environmental policy does not improve environmental quality by reducing CO2 emissions.
A review of the existing literature reveals that there is no consensus on the study of the environmental effects of trade policies. More importantly, empirical studies on the environmental effects of export tax rebate policies are still relatively few, and the existing literature on the environmental effects of export tax rebates mainly focuses on the macro level, lacking firm-level analysis. This paper empirically investigates the impact of export tax rebate policy on the environmental behavior of enterprises, making a marginal contribution to the existing research on the environmental effects of export tax rebate policy.
3 MATERIALS AND METHODS
3.1 Data and variables
Our data were collected from multiple sources. The enterprise-level characteristics were mainly from the China Industrial Enterprise Database (2005–2013), the China Customs Statistics (2005–2013) and the Industrial Enterprise Pollution Emission Database (2005–2013). The China Industrial Enterprise Database records information on the categories, production, and business activities of industrial enterprises above the scale (annual sales of five million RMB before 2011 and 20 million RMB after 2011) (Long et al., 2022). The China Customs Statistics contains the type of ownership of the enterprise, the type of import and export, the HS code, quantity and amount, trade mode and mode of transport of the imported and exported goods, the destination of the exported goods and the place of origin (Bouvet et al., 2017). The Industrial Enterprise Pollution Emissions Database provides information on the output, energy consumption, and pollution emissions of industrial enterprises in China (Zhang et al., 2018).
The purpose of this paper is to examine the impact of export tax rebates on firms’ emission behavior. We matched the China Industrial Enterprise Database, the China Customs Statistics and the Industrial Enterprise Pollution Emission Database using the legal person code and the company name to obtain the category, operation, product exports and pollution information at the enterprise level. The specific matching process is as follows: first, the China Industrial Enterprise Database was processed by referring to (Brandt et al., 2012), deleting samples with total revenue, employment, fixed assets, total sales, R&D expenses, and intermediate inputs less than 0, deleting invalid samples with original value of fixed assets less than net value, missing company name or wrong establishment time, deleting non-manufacturing enterprises, deleting employment enterprises with less than eight persons. After that, the data of previous years were combined to form the panel data of industrial enterprises database. Second, we used a similar approach to construct the panel data of Industrial Enterprise Pollution Emission Database. Third, since the export tax rebate policy targets exporters, we only keep the sample of exporters in the customs database. We matched the codes in the list of commodities for which the export tax rebate rates were adjusted by the Ministry of Finance and the General Administration of Taxation with the Harmonized System (HS) 8-bit code, and the reduction of the export product tax rebate rates was equal to the difference between the rates before and after the export tax rebate reform in 2007. How to convert the product-level tax rebate rate to the firm-level tax rebate rate is the key issue to be considered. In this paper, only the products with the largest company sales are retained in the benchmark regressions, and the difference in company-level tax rates is the difference in the tax rate of the product with the largest company sales value before and after 2007. The change in the firm-level export tax rebate rate in the robustness test was then based on the difference in the export tax rebate rates of multiple products before and after the reform multiplied by the weighted average of the ratio of sales of that product to total sales in 2006. After that, the panel data were formed by removing the duplicate observations at the firm level for each year. Finally, the processed panel data of industrial enterprises database, the China Customs Statistics and the Industrial Enterprise Pollution Emission Database were combined according to the unique identifiers formed by the firm identity information to form the panel data needed for regression analysis.
The explained variable in this paper is the emission behavior of enterprises, which is measured by the intensity of soot emissions from enterprises. The soot emission intensity of an enterprise is equal to the soot emission divided by the total industrial output value of the year. The explanatory variable is [image: image], [image: image] denotes the amount of reduction in export tax rebate rate for enterprise i. [image: image] denotes the time dummy variable of export tax rebate policy, and [image: image] takes the value of 0 if the value of t is before 2007, and [image: image] takes the value of one if the value of t is 2007 and after.
Referring to (Chen, 2020), the control variables in this paper including (1) Stateowned, which takes the value of one if an enterprise is state-owned and 0 if non-state-owned. (2) Firmsize, which is the logarithm of the company’s total assets. (3) Firmage, which is the year of observation minus the year of firm establishment. (4) KL, which is the net value of fixed assets by the number of employees of the firm. (5) LEV, which is a firm’s gearing ratio, is measured by dividing a firm’s total liabilities by its total assets. (6) Provocatory, which indicates whether or not the province or municipality where the company is located has conducted a pilot program to increase its sewage charges, taking a value of one if it does, and 0 otherwise.
Table 1 shows the descriptive statistics of the main variables. The average export tax rebate rate of the sample enterprises decreased by 2.95%, with a maximum decrease of 13%. The share of state-owned enterprises was 10.8%, and the average asset-liability ratio was 55.1%.
TABLE 1 | Descriptive statistics.
[image: Table 1]The intensity of soot emissions depends mainly on the amount of soot produced and treated. To examine the mediating mechanisms by which export rebates affect firms’ soot emissions, we introduce four mediating variables. Variables that measure soot production include lnsootdischarge (corporate soot emissions) and lncoal (corporate coal use). Variables that measure soot treatment include lnsoottreat (corporate soot treatment) and Lntreatefficiency (treatment efficiency of soot treatment facilities, measured by the amount of soot treated per hour).
3.2 Methods
To effectively address the endogeneity problem, we construct a DID model to identify the impact of declining export tax rebates on the intensity of soot emissions of Chinese enterprises. The formula is as follows:
[image: image]
Here, i represents the enterprise, j represents the industry, k represents the province, and t represents the year. The explanatory variable [image: image] denotes the logarithmic value of soot emission intensity of firm i in year t [image: image] is the core explanatory variable of the econometric regression model. [image: image] is the coefficient of interest in this paper, which measures the percentage change in the intensity of firms’ soot emissions for each unit reduction in export tax rebates. [image: image] are the control variables, including Stateowned, Firmsize, LnKL, Lnage, LEV and Provocatory. [image: image] is the firm fixed effect to control for factors that do not vary over time at the firm level. [image: image] is the region fixed effect to fix factors that do not vary over time at the region level. [image: image] is the industry fixed effect to control for factors that do not vary over time at the industry level. [image: image] is a time fixed effect to control for factors that vary over time but not with the firm. [image: image] is a random error term.
In order to analyze the channels through which export tax rebates affect firms’ emission behavior, we examine the relevant mediating variables by drawing on the stepwise test proposed by Baron and Kenny (1986) (Baron RM and Kenny, 1986). The basic steps are as follows: (1) examine the relationship between the main independent variable and the dependent variable, and if the coefficient is significant, proceed to the next step, otherwise stop the test; (2) identify the correlation between the mediating variable and the dependent variable to see whether there is a statistically significant correlation; (3) The dependent variable is regressed on both the independent and mediating variables to test whether the regression coefficients of the mediating variables reach significance levels and whether the regression coefficients of the independent variables decrease. Based on Baron and Kenny’s condition for the mediating effect to hold, the following three equations were developed.
[image: image]
[image: image]
[image: image]
The mediating variables [image: image] include soot emissions, soot treatment, and coal use. X represents a series of control variables such as whether it is a state-owned enterprise, the size of the enterprise, and the age of the enterprise, which are the same as those in the previous section. According to Baron and Kenny (1986), if [image: image], [image: image] and [image: image] are all significant, [image: image] plays a mediating role and the ratio of mediating utility to total utility can be expressed as [image: image]; if they are not all significant, the mediating effect may not exist.
4 RESULTS
4.1 Baseline regression results
Table 2 reports the results of the baseline regressions on the effects of changes in export tax rebate policy on industrial exporters’ soot emission intensity. The regression results with the inclusion of time fixed effects, province fixed effects, industry fixed effects and firm fixed effects indicate that the reduction in export tax rebate rate has a significant negative impact on the intensity of soot emission intensity of industrial export enterprises, and the results remain robust after gradually adding control variables. The coefficient of the interaction term in column (6) indicates that for every 1-unit decrease in the average export tax rebate rate faced by industrial exporters, the firms’ soot emission intensity decreases by 2.63%.
TABLE 2 | Impact of the reduction of export tax rebate rate on industrial exporters’ soot emission intensity.
[image: Table 2]4.2 Robustness tests
4.2.1 Parallel trend test
The central premise of the validity of the DID model is that the parallel trend assumption is satisfied. Although the results in Table 2 show that the reduction in export tax rebate rate significantly reduces the smoke emission intensity of industrial exporters, endogeneity issues such as omitted variables, measurement errors and self-selection by firms cannot be completely excluded. In this paper, the parallel trend hypothesis is that if China does not adjust its export tax rebate policy, the trend of soot emission intensity of firms in the sample will be similar. We use event analysis to test this hypothesis. The equations are as follows:
[image: image]
Where [image: image] is the year dummy variable, [image: image] is the parameter to be focused on, and other variables have the same meaning as in (1). In this model, the year before the shock occurs, i.e., 2006, is set as the base year for the event analysis. Therefore, the specific meaning of the parameter [image: image] is whether there is a significant difference in the intensity of soot emissions of enterprises in the group with different export tax rebate rate changes in year t compared with 2006. The parallel trend hypothesis is satisfied if [image: image] is not significantly different from 0 before the adjustment of China’s export tax rebate policy in 2007. Figure 1 plots the parameter [image: image] estimates and 95% confidence intervals. It can be found that the DID model setting in this paper passes the parallel trend test.
[image: Figure 1]FIGURE 1 | Parallel trend test and the dynamic effect analysis of the reduction in export tax rebate rate. Notes: The horizontal coordinates indicate the year relative to the export tax rebate reform in 2007. Specifically, 0 indicates the year in which the export tax rebate reform took place, and 1 indicates the first year of the VAT reform. The vertical coordinate indicates the magnitude of the interaction term coefficient, with the dashed line depicting the 95% confidence interval.
4.2.2 Placebo test
Compared with 2006, in 2007, there were 4498 enterprises whose export tax rebate rates were reduced and 5582 enterprises whose export tax rebate rates did not change. Drawing on (Cai et al., 2016), this paper constructs placebo-tested pseudo-group dummy variables by randomly selecting 4498 firms from 10,380 respondents and setting them as a pseudo-treatment group for export tax rebate rate reduction, and setting the remaining 5882 respondents as a pseudo-control group. Pseudo-cross terms for the grouping dummy variable and the policy implementation time dummy variable are then constructed. Figure 2 reports the kernel densities of the estimated coefficients for the 500 pseudo-treatment groups and the corresponding p-value distributions. Where the x-axis indicates the magnitude of the estimated coefficients of Pseudo-cross terms, the y-axis indicates the magnitude of the density values and p-values, the curve is the kernel density distribution of the estimated coefficients, the blue dots are the p-values of the estimated coefficients, the vertical dashed line is the true estimate of the DID model -1.047, and the horizontal dashed line is the significance level .1. As can be seen from the figure, the estimated coefficients are mostly concentrated around the zero point, and the p-values of most of the estimated coefficients are greater than .1 (insignificant at the 10% level), further demonstrating that the study findings are robust.
[image: Figure 2]FIGURE 2 | Placebo test for export tax rebate reform randomness.
4.2.3 Robustness test—Replacement of explanatory variables
In the baseline regression, the change in the company’s export tax rebate rate is measured by the tax rate of the company’s largest product. In the robustness test, the change in the company’s export tax rebate rate of various products is multiplied by the proportion of sales of various products to total sales in 2006 to obtain the weighted average of the company’s tax rate reduction, i.e., Retaxgap1. Table 3 shows that the regression results of adding time fixed effect, province fixed effect, industry fixed effect and company product fixed effect show that the reduction in export tax rebate rate has a significant negative impact on the company’s smoke emission intensity. The results are still robust after gradually adding control variables. For every 1 unit decrease in the average export tax rebate rate faced by exports at the firm level, the industrial exporters’ soot emission intensity decreases by 3.09%, which is basically consistent with the baseline regression results.
TABLE 3 | Impact of export tax rebate rate reduction on the firms’ soot emission intensity (Replace explanatory variables).
[image: Table 3]4.2.4 Robustness test—Replace the dependent variable
In the previous empirical analysis, the gross industrial output value of enterprises in the formula for calculating the soot emission intensity of enterprises was obtained from the industrial enterprise database. A related concern is that there may be a difference between the gross industrial output value of enterprises in the industrial enterprise database and the pollution database, and this difference may lead to a change in the main empirical findings. In fact, the comparison reveals that the gross industrial output values in the two databases are not exactly the same. To ensure the robustness of the study results, this section uses the gross industrial output value of enterprises in the enterprise pollution database to calculate the intensity of enterprise soot emissions, and the corresponding regression results are reported in Table 4. It can be seen that the reduction of export tax rebate rate has a significant negative effect on enterprise soot emission intensity, and the two ways of calculating enterprise soot emission intensity lead to basically the same conclusion.
TABLE 4 | Impact of export tax rebate rate reduction on the firms’ soot emission intensity (Replace dependent variables).
[image: Table 4]4.3 Mechanism analysis
In Section 3, we find that a reduction in the export tax rebate rate has a significant negative impact on the intensity of smoke emissions from firms. In this section, we further explore how export tax rebate rate reduction reduces soot emissions intensity. The mechanism test is to investigate whether the export tax rebate rate can reduce enterprise soot emission intensity through the reduction of emissions and the increase of pollution treatment. The empirical results are shown in Table 5.
TABLE 5 | Mediation mechanism of the effect of export tax rebate rate reduction on the firms’ soot emission intensity.
[image: Table 5]The coefficients of the interaction terms in columns (1), (2), (3) and (4) of Table 5 indicate that the reduction in the export tax rebate rate leads to a decrease in the amount of soot generated and the amount of coal used by firms, an increase in the amount of soot treated and the amount of soot treated per hour. Columns (5), (6), (7) and (8) report the results with the inclusion of mediating variables, where the values of the coefficients of the interaction terms decrease or are no longer statistically significant, and the coefficients of the mediating variables are significantly positive, indicating that lnsootdischarge, lncoal, lnsoottreat and Lngovegasability are the mediating mechanisms by which the reduction in the export tax rebate rate affects firms’ soot emission intensity.
4.4 Results of the heterogeneity analysis
The heterogeneity estimation results of the impact of export tax rebate rate reduction on soot emission intensity of different types of enterprises are shown in Table 6. Negative results for all interaction terms in each column imply that both state-owned enterprises (SOEs) and non-state-owned enterprises (non-SOEs) reduce their soot emission intensity when the export tax rebate rate is reduced. Specifically, for every 1-unit decrease in the average real export tax rebate rate of enterprises, the soot emission intensity from SOEs decreased by 4.74% and soot emissions from non-SOEs decreased by 2.81%.
TABLE 6 | Effect of lower export tax rebate rate on the intensity of soot emissions from SOEs and non-SOEs.
[image: Table 6]The regression results of the heterogeneity analysis by industry are presented in Table 7. The reduction of export tax rebate rate significantly reduces the soot emissions of highly polluting, energy-consuming and resource-based (HHR) industries, and has no significant effect on the soot emissions of non-HHR industries. Specifically, for every 1-unit decrease in the average real export tax rebate rate of enterprises, the soot emission intensity from HHR industries decreased by 2.16%.
TABLE 7 | Effect of lower export tax rebate rate on the intensity of soot emissions from HHR industries and non-HHR industries.
[image: Table 7]5 DISCUSSION
Many previous studies suggest that export tax rebate policy, which are important policy tools for governments, are often used to stimulate export (Chong'En et al., 2011; Lee et al., 2021) and firm productivity (Zhang, 2019), thereby promoting economic growth (Xu, 2018). Few studies have explored the impact of the export tax rebate policy adjustment that may lead to environmental improvements. In this paper, we systematically explore the environmental effects of the export tax rebate rate reduction policy using three large representative micro data sets in China. We find that the reduction in the export tax rebate rate significantly reduces the intensity of corporate soot emissions, and this finding holds after a series of robustness tests. For every 1-unit reduction in export tax rebate rate, enterprises’ soot emission intensity decreases by 2.63%. Our results are basically consistent with the previous literature. Song et al. (2015) examined the relationship between export tax rebates and pollution emissions in China using a computable general equilibrium model, and found that China’s export tax rebates reduce support for highly polluting export industries and thus led to a reduction in emissions. Fan et al. (2015) used the CEEPA (China Energy and Environmental Policy Analysis system) model to simulate the impact and socioeconomic consequences of eliminating export tax rebates on CO2 emissions. They concluded that the current policy of eliminating export tax rebates for key industries could promote emission reduction, but would have a negative impact on the economy. In contrast to the lack of firm-level analysis of environmental behavior in existing studies, this paper empirically investigates the impact of export tax rebate policy on industrial exporters’ soot emissions, making a marginal contribution to the existing research on the environmental effects of export tax rebate policy.
The mechanism analysis shows that the reduction of emissions and the increase of pollution treatment are important channels. Specifically, we find that export tax rebates reduce the amount of coal used by firms. As a large energy consumer, heavy industrial polluting enterprises in China consume a lot of coal and most of the soot emissions are caused by coal use (Wang et al., 2018; Mengshu et al., 2021; Heerma Van Voss and Rafaty, 2022; Li et al., 2022; Zhao et al., 2023). The reduction in coal use means that from the enterprise level, the reduction of export tax rebate rate will force enterprises to optimize their energy structure, thus alleviating the problem of high percentage of coal use by Chinese industrial enterprises. Our analysis is supported to some extent by the research of Wang and Liang, who argue that the development of environmental regulations in China could further improve energy efficiency and carbon neutrality (Wang and Liang, 2022). In addition, we find that the export rebate enhances the efficiency of soot treatment. The possible reason is that companies increase their investment in environmental equipment or green technology innovation stimulated by the tax policy (Li and Li, 2022; Wang Z et al., 2022).
Heterogeneity analysis shows that the reduction of export tax rebate rate has a more significant impact on the intensity of soot emissions of high pollution, high energy consumption and resource-based enterprises. The main reason is that the adjustment of export tax rebate policy in 2007 is mainly aimed at curbing the development of high pollution, high energy consumption and resource-based industries (Lee et al., 2021). Specifically, the export tax rebate rate for chemical products, some chemicals, some steel and base metals and other products dropped by 11.1% on average (Song et al., 2015).
Our study also has certain limitations. On the one hand, limited by the indicators of the data, we do not have the means to assess all aspects of the changes in export tax rebate policies on firms’ micro-pollution behavior. On the other hand, this study involves a large amount of data on traded products and their corresponding export tax rebate rates. Using the change in export tax rebate rates calculated by the largest traded products of the company and the change in export tax rebate rates calculated by the weighted average of the company’s product shares, the impact of the policy may be somewhat underestimated due to the company’s initiative to adjust its product mix in the face of the reduction in product export tax rebate rates.
6 CONCLUSION
Using the China Industrial Enterprise Database, China Industrial Enterprise Pollution Database and China Customs Import and Export Database for 2005–2013, DID estimations show that for every 1-unit reduction in export tax rebate rate, soot emission intensity of industrial export enterprises decreases by 2.63%. The reduction in soot generation, the reduction in coal use intensity, the increase in total amount and efficiency of soot treatment are four important channels through which the export tax rebate rate affects the emission behavior of enterprises.
The policy implication of this study is that reducing export tax rebate rates for export products, especially for high pollution, high energy-consuming and resource-based industries, is a favorable policy option to improve China’s environmental performance in international trade. This study may provide a reference for other developing countries that also rely on export tax rebates to adjust their policies to combine economic growth with pollution control.
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