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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).
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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
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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.
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TABLE 1 Descriptive statistics.

Variables Measurement Observations Mean S.D. Min Max

Lnsootdensity Ln (soot emission/the total industrial output value) 61,904 −7.498 4.267 −18.65 13.73

Lnsootdensity1 Ln (soot emission/the new total industrial output value) 61,946 −4.587 4.323 −15.90 14.86

Post It takes the value of 0 before 2007 and 1 afterwards 93,420 .826 .379 0 1

Retaxgap Reduced export tax rebate rate for the company’s largest selling product (%) 93,420 2.955 3.912 0 13

Retaxgap1 Weighted average of the reduction in the company’s tax rebate rate for different products (%) 93,406 2.972 3.741 0 13

Stateowned Which takes the value of 1 if state-owned and 0 if non-state-owned 93,420 .108 .311 0 1

Firmsize Ln (total enterprise assets) 93,415 11.88 1.586 0 19.44

LnKL Ln (number of employees/the net value of fixed assets) 92,496 4.500 1.468 −10.20 14.72

Lnage Ln (firm survival years) 93,410 2.286 .710 0 5.081

LEV Total liabilities/Total assets 93,367 .551 .287 −.891 18.38

Provocatory The value is 1 for the provinces implementing the sewage charge policy, otherwise 0 93,420 .187 .390 0 1

Lnsootdischarge Ln (corporate soot emissions) 62,103 4.6162 3.9584 0 17.0483

Lncoal Ln (corporate coal use) 36,317 5.8577 3.6716 0 16.4175

Lnsoottreat Ln (corporate soot treatment) 17,170 2.2109 4.6439 0 21.6664

Lntreatefficiency Ln (the amount of soot treated per hour) 40,132 7.6499 4.0107 0 21.6025

Note: The total industrial output value and the new total industrial output value are taken from the China Industrial Enterprise Database and the Industrial Enterprise Pollution Emission Database, respectively.
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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.Wematched the codes in the
list of commodities for which the export tax rebate rates were adjusted by
theMinistry of Finance and the General Administration of Taxation with

TABLE 2 Impact of the reduction of export tax rebate rate on industrial exporters’ soot emission intensity.

Variables (1) (2) (3) (4) (5) (6)

Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity

Retaxgapi × Postt −.0314*** −.0317*** −.0266*** −.0258*** −.0259*** −.0263***

(.0098) (.0098) (.0095) (.0095) (.0095) (.0096)

Stateowned .1915** .1963** .1970** .1949** .2077**

(.0892) (.0886) (.0888) (.0887) (.0922)

Firmsize −.6436*** −.6336*** −.6361*** −.6017***

(.0450) (.0473) (.0473) (.0511)

LnKL −.0102 −.0094 −.0176

(.0158) (.0158) (.0216)

Lnage .0637 .0304

(.0569) (.0610)

LEV −.0539

(.0666)

Provincepolicy .2160***

(.0591)

Year FE Y Y Y Y Y Y

Province FE Y Y Y Y Y Y

Industry FE Y Y Y Y Y Y

Firm FE Y Y Y Y Y Y

Constant −5.5233*** −5.5262*** 2.2369*** 2.1535*** 2.0897*** 1.4720*

(.3820) (.3824) (.6574) (.6739) (.6741) (.8044)

Observations 61,904 61,904 61,900 61,418 61,417 40,056

R-squared .7036 .7037 .7102 .7075 .7075 .7114

Notes: Robust standard errors for clustering to the firm level are in parenthesis. Year FE, indicates time fixed effects, Province FE, indicates Province fixed effects, Industry FE, indicates Industry fixed

effects, and Firm FE, indicates Firm fixed effects. *, **, and *** indicate significant at the 10%, 5%, and 1% levels, respectively.
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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 reformmultiplied by theweighted 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 Retaxgapi × Postt, Retaxgapi denotes
the amount of reduction in export tax rebate rate for enterprise i. Postt
denotes the time dummy variable of export tax rebate policy, and Postt
takes the value of 0 if the value of t is before 2007, and Postt 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%.

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:

lnSIijkt � β1pRetaxgapi × Postt + β2pXit + γi + μj + δk + λt + εijkt

(1)
Here, i represents the enterprise, j represents the industry, k represents
the province, and t represents the year. The explanatory variable
lnSIijkt denotes the logarithmic value of soot emission intensity of firm
i in year t Retaxgapi × Postt is the core explanatory variable of the
econometric regression model. β1 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.Xit are the
control variables, including Stateowned, Firmsize, LnKL, Lnage, LEV
and Provocatory. γi is the firm fixed effect to control for factors that do
not vary over time at the firm level. δk is the region fixed effect to fix
factors that do not vary over time at the region level. μj is the industry
fixed effect to control for factors that do not vary over time at the
industry level. λt is a time fixed effect to control for factors that vary
over time but not with the firm. εijkt is a random error term.

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.

FIGURE 2
Placebo test for export tax rebate reform randomness.
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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 andmediating 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 andKenny’s condition for themediating effect to
hold, the following three equations were developed.

lnSIijkt � a1pRetaxgapi × Postt + a2pXit + γi + μj + δk + λt + εijkt

(2)
Channelijkt � b1pRetaxgapi × Postt + b2pXit + γi + μj + δk + λt

+ εijkt (3)

lnSIijkt � c1pRetaxgapi × Postt + c2pChannelijt + c3pXit + γi + μj

+ δk + λt + εijkt

(4)
The mediating variables Channelijkt 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 a1, b1 and c2 are all
significant, Channelijkt plays a mediating role and the ratio of
mediating utility to total utility can be expressed as b1 × c2/a1; 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

TABLE 3 Impact of export tax rebate rate reduction on the firms’ soot emission intensity (Replace explanatory variables).

Variables (1) (2) (3) (4) (5) (6)

Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity

Retaxgap1i × Postt −.0340*** −.0342*** −.0292*** −.0286*** −.0288*** −.0309***

(.0099) (.0099) (.0096) (.0096) (.0096) (.0100)

Stateowned .1204 .1150 .1170 .1156 .1323

(.0989) (.0985) (.0987) (.0987) (.1046)

Lnasset −.6825*** −.6661*** −.6679*** −.6139***

(.0476) (.0504) (.0504) (.0563)

Lnkl −.0178 −.0174 −.0296

(.0175) (.0175) (.0237)

Lnage .0466 .0102

(.0602) (.0647)

LEV −.0715

(.0664)

Provincepolicy .2080***

(.0654)

Year FE Y Y Y Y Y Y

Province FE Y Y Y Y Y Y

Industry FE Y Y Y Y Y Y

Firm FE Y Y Y Y Y Y

Constant −5.3189*** −5.3187*** 2.9096*** 2.8047*** 2.7559*** 1.9781**

(.3793) (.3797) (.6765) (.6985) (.6977) (.8273)

Observations 61,890 61,890 61,886 61,404 61,403 40,053

R2 .7281 .7282 .7350 .7328 .7328 .7375

Notes: Robust standard errors for clustering to the firm level are in parenthesis. Year FE, indicates time fixed effects, Province FE, indicates Province fixed effects, Industry FE, indicates Industry fixed

effects, and Firm FE, indicates Firm fixed effects. *, **, and *** indicate significant at the 10%, 5%, and 1% levels, respectively.
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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%.

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:

lnSIijkt � ∑2013

t�2005βtpRetaxgapi × Dt + β2pXit + γi + μj + δk + λt

+ εijkt

(5)
Where Dt is the year dummy variable, βt 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 βt 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 βt is not significantly different from 0 before
the adjustment of China’s export tax rebate policy in 2007. Figure 1
plots the parameter βt estimates and 95% confidence intervals. It can

TABLE 4 Impact of export tax rebate rate reduction on the firms’ soot emission intensity (Replace dependent variables).

Variables (1) (2) (3) (4) (5) (6)

Lnsootdensity1 Lnsootdensity1 Lnsootdensity1 Lnsootdensity1 Lnsootdensity1 Lnsootdensity1

Retaxgapi × Postt −.0215** −.0219** −.0196** −.0184* −.0184* −.0196*

(.0100) (.0100) (.0100) (.0100) (.0100) (.0100)

Stateowned .1447 .1419 .1445 .1440 .1430

(.1028) (.1027) (.1031) (.1031) (.1031)

Lnasset −.2905*** −.2685*** −.2692*** −.3516***

(.0548) (.0571) (.0573) (.0487)

Lnkl −.0212 −.0211 −.0182

(.0178) (.0178) (.0177)

Lnage .0190 .0278

(.0647) (.0644)

LEV −.1139

(.0724)

Provincepolicy .1098

(.0686)

Year FE Y Y Y Y Y Y

Province FE Y Y Y Y Y Y

Industry FE Y Y Y Y Y Y

Firm FE Y Y Y Y Y Y

Constant −2.0767*** −2.0770*** 1.4279* 1.3073 1.2874 2.3274***

(.4262) (.4267) (.7767) (.7968) (.7986) (.7204)

Observations 61,932 61,932 61,927 61,268 61,267 61,248

R2 .6941 .6942 .6954 .6917 .6917 .6924

Notes: Robust standard errors for clustering to the firm level are in parenthesis. Year FE, indicates time fixed effects, Province FE, indicates Province fixed effects, Industry FE, indicates Industry fixed

effects, and Firm FE, indicates Firm fixed effects. *, **, and *** indicate significant at the 10%, 5%, and 1% levels, respectively.
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TABLE 5 Mediation mechanism of the effect of export tax rebate rate reduction on the firms’ soot emission intensity.

Variables (1) (2) (3) (4) (5) (6) (7) (8)

Lnsootdischarge Lncoal Lnsoottreat Lngovegasability Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity

Retaxgapij × Postt −.0221*** −.0036*** .0326** .0133*** −.0051*** −.0103 −.0103 −.0261***

(.0060) (.0014) (.0162) (.0045) (.0015) (.0075) (.0149) (.0094)

Stateowned .1971*** .0366 .1715 −.0158 −.0079 .0547 .4375** .1714*

(.0650) (.0616) (.2145) (.1101) (.0165) (.0720) (.2015) (.0953)

Lnasset −.0751*** .1244*** .4642*** .0201 −.5141*** −.5242*** −.3034*** −.6904***

(.0279) (.0330) (.1194) (.0569) (.0071) (.0444) (.1079) (.0561)

Lnkl −.0401*** −.0276* −.1234* −.0029 .0257*** .0269 .0191 .0046

(.0121) (.0162) (.0708) (.0278) (.0031) (.0257) (.0632) (.0268)

Lnage .1813*** .0915** .0778 .1116* −.1044*** −.0337 .3231*** .0958

(.0368) (.0373) (.1216) (.0649) (.0094) (.0459) (.1101) (.0597)

LEV −.1355*** −.0659 −.1384 −.1398 .0932*** .1551* .2495 −.0884

(.0524) (.0693) (.2403) (.1059) (.0133) (.0910) (.2145) (.0815)

Provincepolicy .0986*** −.1474*** .0256 −.0128 .0538*** −.1546*** −.5495*** −.0070

(.0381) (.0395) (.1419) (.0666) (.0097) (.0515) (.1297) (.0624)

Lnsootdischarge .9963***

(.0015)

Lncoal .0673***

(.0144)

Lnsoottreat .6752***

(.0270)

Lngovegasability .2076***

(.0133)

Year FE Y Y Y Y Y Y Y Y

Province FE Y Y Y Y Y Y Y Y

Industry FE Y Y Y Y Y Y Y Y

Firm FE Y Y Y Y Y Y Y Y
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be found that the DID model setting in this paper passes the parallel
trend test.

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.

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.

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 grossTA
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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.

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.

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.

Variables SOEs Non-SOEs

Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity

Retaxgapij × Postt −.0463* −.0473* −.0474* −.0350*** −.0274** −.0281***

(.0272) (.0273) (.0270) (.0110) (.0107) (.0107)

Lnasset −.2761** −.2823** −.7040*** −.6296***

(.1352) (.1362) (.0521) (.0497)

Lnkl .0509 .0458 −.0269 −.0306*

(.0592) (.0625) (.0182) (.0181)

Lnage .1659 −.0120

(.1187) (.0725)

LEV −.0401 −.0086

(.0945) (.0840)

Provincepolicy −.0055 .1516**

(.1641) (.0732)

Year FE Y Y Y Y Y Y

Province FE Y Y Y Y Y Y

Industry FE Y Y Y Y Y Y

Firm FE Y Y Y Y Y Y

Constant −6.3105*** −2.7223 −3.0519 −3.4752*** 4.4387*** 3.6844***

(.7712) (1.9047) (1.9686) (.3409) (.7085) (.6866)

Observations 7301 7242 7237 54,589 54,162 54,147

R2 .7550 .7526 .7529 .7273 .7333 .7327

Notes: Robust standard errors for clustering to the firm level are in parenthesis. Year FE, indicates time fixed effects, Province FE, indicates Province fixed effects, Industry FE, indicates Industry fixed

effects, and Firm FE, indicates Firm fixed effects. *, **, and *** indicate significant at the 10%, 5%, and 1% levels, respectively.
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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%.

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

TABLE 7 Effect of lower export tax rebate rate on the intensity of soot emissions from HHR industries and non-HHR industries.

Variables HHR industries Non-HHR industries

Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity Lnsootdensity

Retaxgapij × Postt −.0286** −.0221** −.0216** −.0260* −.0231 −.0235

(.0112) (.0109) (.0109) (.0148) (.0146) (.0146)

Stateowned .1845* .1901* .2925*** .2870**

(.0978) (.0977) (.1132) (.1130)

Lnasset −.6097*** −.5782*** −.6584*** −.5866***

(.0576) (.0497) (.0520) (.0526)

Lnkl −.0122 −.0143 .0016 −.0019

(.0173) (.0172) (.0216) (.0215)

Lnage .0514 .1612**

(.0643) (.0732)

LEV −.0736 −.1816**

(.0658) (.0874)

Provincepolicy .1499** .2559***

(.0684) (.0732)

Year FE Y Y Y Y Y Y

Province FE Y Y Y Y Y Y

Industry FE Y Y Y Y Y Y

Firm FE Y Y Y Y Y Y

Constant −5.1577*** 2.3042** 1.9170** −6.2907*** 1.6982* .7821

(.6081) (.9260) (.8640) (.6947) (.9220) (.9340)

Observations 46,447 46,039 46,023 42,723 42,444 42,433

R2 .7096 .7120 .7121 .6859 .6913 .6915

Notes: Robust standard errors for clustering to the firm level are in parenthesis. Year FE, indicates time fixed effects, Province FE, indicates Province fixed effects, Industry FE, indicates Industry fixed

effects, and Firm FE, indicates Firm fixed effects. *, **, and *** indicate significant at the 10%, 5%, and 1% levels, respectively.
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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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