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Abstract: Environmental performance is extremely vital for sustainable growth in China, and the im-
pact of a regional integration policy plays an important role in improving environmental performance.
However, current studies are weak in causal inference, and firm-level evidence is lacking. As a result,
taking the Outline of the Pearl River Delta Reform and Development Plan as a quasi-natural experi-
ment, with propensity score matching and difference-in-differences methods, this paper investigates
the effect of regional integration on firms’ environmental performance. Our empirical results show
that regional integration can significantly improve corporate environmental performance; specifically,
the regional integration will result in an increase in the output value, of 46.7%, 22.3%, and 68.1% per
unit emission of sulfur dioxide (SO2), industrial wastewater (WATER), and industrial smoke and dust
(SD). Moreover, the impact of regional integration differs across different industries. For SO2, the
impact of regional integration is greater for the petroleum processing, coking and nuclear fuel process-
ing industries, and special equipment manufacturing; in terms of WATER, the impact is much higher
in the tobacco products industry and printing and the reproduction of recording media industry; for
SD, the petroleum processing, coking, and nuclear fuel processing industries are highly impacted.
Finally, this impact also differs for core and peripheral cities. For policy implications, first, regional
integration policies are highly recommended, and China is implementing regional integration in
the Beijing–Tianjin–Hebei area and Yangtze River Delta, and these policies should be enhanced for
other areas. Second, to maximize the effect of regional integration, the government needs to combine
regional industrial structural characteristics to formulate industrial and environmental policies.

Keywords: regional integration; corporate environmental performance; quasi-natural experiment

1. Introduction

With continuously substantial growth for the last forty years, China has become the
second largest economy in the world. The economic growth in China is mainly driven
by high capital input and low labor cost; this growth path is featured by a low resource
allocation efficiency, which causes high consumption of resources and energy. As a result,
environmental issues emerge along with the economic growth in China, including air
pollution and industrial waste pollution. At the early stage of Chinese economic reforms,
economic performance was the priority of the Chinese government. Nowadays, to maintain
sustainable growth, environmental performance has become extremely vital for the Chinese
economy and society.

Regional integration has been proved to have a significant impact on environmental
performance in prior studies [1–4]. Regional integration usually refers to urban agglom-
erations; it indicates the free flow of factors within a region through all-around cooper-
ation [5,6]. Numerous studies use the price method to measure the degree of regional
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integration, which is also referred to as market integration. With provincial data, some
scholars found that market integration significantly reduced environmental pollution [3],
especially for sulfur dioxide (SO2), smoke and dust, and suspended particles (PM2.5), and
the same impact was also found for CO2 emission performance [1]. With provincial data,
evidence showed that market integration significantly improved ecological efficiency [7],
and industrial agglomeration exerted a positive externality on environmental efficiency [8].
From the perspective of urban agglomerations, a positive correlation between market
integration and green innovation is found [9]. Some scholars further employed samples
with city-level data, e.g., an inverted U-shaped relationship is proved between market
integration and the emission intensities of sulfur dioxide, industrial wastewater, and in-
dustrial smoke and dust [10], and market integration promoted regional green growth [11].
In addition, some researchers employed the spatial Gini coefficient to present economic
agglomeration, and they showed that economic agglomeration had a significant effect on
haze pollution, carbon emission intensity, and environmental pollution [12–14].

Regarding current studies on regional integration and environmental performance,
there may exist several weaknesses. First, the traditional gravity model, econometric
models, and price approaches are used to measure regional economic integration, but
the regional integration process cannot be well reflected by these methods; thus, the
causal inference can hardly be identified with them. Second, prior research usually used
provincial or city-level data, and firm-level evidence is lacking. However, as the entity of
pollutant emissions, the behavior of firms cannot be ignored. Finally, in terms of corporate
environmental performance, current studies generally employ the Environmental, Social,
and Governance (ESG) rating and environmental social responsibility index [15–17]. These
ratings are composed indexes and cannot reveal the real pollutant emission of firms. As a
result, in this paper, taking the Outline of the Pearl River Delta Reform and Development
Plan (OPRDRDP) as a quasi-natural experiment, with Propensity Score Matching and
the Differences-in-Differences method (PSM–DID), this paper attempts to investigate the
impact of regional integration on corporate environmental performance.

This paper contributes to the current literature in the following aspects. First, previous
literature generally used a composite index to present regional integration [4,8,13,14];
however, these indexes are quite subjective. To better identify the causal inference, we
employ the Outline of the Pearl River Delta Reform and Development Plan as a quasi-
natural experiment to measure regional integration. The OPRDRDP aims at integrating
the market and stimulating the industrial agglomerations, and this policy can be taken as
an exogenous shock on environmental performance. Second, most existing studies have
estimated the impact of regional integration on environmental performance at the national
level, regional level, and city level [1–4]. However, firm-level environmental performance
has rarely been investigated. This paper focus on corporate environmental performance;
meanwhile, unlike the ESG rating and environmental social responsibility index, we directly
employ pollutant emissions, including industrial sulfur dioxide emissions (SO2), industrial
wastewater (WATER), and industrial smoke and dust emissions (SD). Finally, this paper
further investigates the heterogeneity of firms, which has been ignored in current literature
since regional and city-level data are used. More specifically, industrial and regional
heterogeneities are considered, which provides a more comprehensive understanding of
the relationship between regional integration and environmental performance.

The remainder of this paper is organized as follows: Section 2 provides a brief review
of the relevant literature and hypotheses development. The measures of the variables and
model specifications are provided in Section 3. Section 4 analyzes the empirical results.
Section 5 verifies the robustness of our model. Section 6 concludes.
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2. Literature Review and Theoretical Analysis
2.1. Literature Review

Some scholars show that environmental regulation has a great impact on environmen-
tal performance [18]. State-owned enterprises have better environmental performance in
China [4]. The new Ambient Air Quality Standard policy also significantly promotes the
improvement of corporate environmental performance [19]. Command-based environmen-
tal regulations had a positive impact on corporate environmental performance, while the
impact of market-based environmental regulations was relatively weak [20].

Most studies regarding the relationship between regional integration and environmen-
tal performance are based on regional data. With a provincial dataset, evidence shows that
regional integration was positively correlated with energy and CO2 emissions performance
because regional integration encourages competition [1], and firms are motivated to invest
in more research and development on energy efficiency, and the CO2 marginal abatement
cost was shown to be positively correlated with regional economic integration [6]. With
data of 48 counties of Wuhan in China, some scholars prove that regional integration
reduced carbon emission due to knowledge and technology spillovers in environmental
protection and enhanced environmental regulation [11]. Extending to 1967 districts and
counties, the impact of the Removing Counties and Establishing Districts reform (RCED) in
China has been investigated [21], and the findings are in line with prior studies [11,22,23],
and the carbon emissions reduction was higher in the energy-intensive sectors of YREB [24].
MDA8O3 concentrations increased in the Yangtze River Delta (YRD) [10], the ambient
PM2.5 concentration generally decreased over the YRD, and PM2.5 concentration was also
negatively impacted in the Beijing–Tianjin–Hebei urban agglomeration (BTH), but the
PM2.5 reduction efficiency was found to be relatively low in the YREB, and the provincial
integration of YREB in China significantly reduced water pollution [12,25]. By examining
the Yangtze River urban agglomeration in Jiangsu Province in China, the environmental
governance performance generally improved [22], but the gap among cities remained
significant [24,26,27]. Large gaps of environmental efficiency also exist in the BTH urban
agglomeration [28]. Based on the dynamic spatial panel Durbin model, an inverted U-
shaped relationship is found between regional integration and the emission intensities
of three pollutants, i.e., sulfur dioxide, industrial wastewater, and industrial smoke and
dust, because regional integration allows factor free flow and will then strengthen the
emission reduction effect of technological innovation [20]. Moreover, regional integration
is conducive to improving the efficiency of energy use, and energy efficiency is conducive
to emission reductions. These results were also proved by previous studies [4,29], but this
nonlinear relationship did not hold for soot emission. Using the panel data of 285 cities
in China from 2004 to 2018, Chen et al. (2022) explored the impact of regional integration
on urban environmental performance is explored [11], evidence showed that regional
integration had a positive impact on urban environmental performance because of the
economies of scale effect, industrial composition effect, and knowledge spillover effects,
and this relationship also exists in the YRD [30].

To our knowledge, most studies employ a firm-level composed index of an envi-
ronmental rating to measure environmental performance, but this kind of index cannot
directly reflect the situation of pollutant emission. Some literature regarding the relation-
ship between regional integration and environmental performance applies pollutant-based
measures; however, these studies generally use region-level data, including provinces and
cities, and they ignore the heterogeneity of firms. This paper attempts to investigate the
impact of regional integration on firms’ environmental performance, and we directly use
firms’ pollutant emissions to measure corporate environmental performance. Furthermore,
the heterogeneity of firms will also be considered.
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2.2. Theoretical Analysis

This paper combines industrial agglomeration theory, resource-based theory, and
political connection theory to explain the mechanism by which regional integration affects
the corporate environmental performance.

First, the essence of regional integration lies in the agglomeration of different indus-
tries in different areas based on their comparative advantages. Industrial agglomeration
was widely studied [31–33], indicating that the scale effect originated from some specific
industrial agglomerations. When a specific industry is agglomerated in a specific area, the
whole transportation cost will be reduced, and all firms from this industry can share the
social network, which will decrease the marginal cost of firms located in this area, and then,
the firms’ productivity will be improved. Diversification also accounts for urbanization
economics; it indicates that infrastructure will be improved with the industrial diversifi-
cation in cities, all firms will benefit from these infrastructures, and the production cost
will decrease. Meanwhile, firms from different industries can cooperate with each other;
then, the resources will be optimally allocated. As a result, the corporate environmental
performance will be improved.

Second, the resource-based theory suggests that firms generate a competitive advan-
tage by acquiring a large number of heterogeneous resources [34]. The important feature
of regional integration also lies in the heterogeneous resource differences between central
and peripheral cities. Firms in the core city have a competitive advantage in the utilization
of environmental technologies, while firms in the peripheral cities have a competitive
advantage in processing and manufacturing. Both advantages are important drivers of
firms’ environmental performance provision. Increased regional integration will further
enhance these heterogeneous competitive advantages of firms, thereby improving the
environmental performance of firms in the region [35].

Finally, from the perspective of political connection, regional integration reduces the
opportunities for firms to gain privileges through political connection [36]. Particularly in
government-dominated developing countries such as China, a large number of firms try
to gain immunity from pollution control by establishing links with the government [37].
As regional integration deepens, all kinds of factors will flow freely, and the profits from
privileges gained through political connections will be gradually compressed, leading to
an improvement in the environmental performance of firms in the region.

Based on the above analysis, this paper points out that deeper regional integration
enhances firms’ environmental performance through the mechanisms of promoting indus-
trial agglomeration, enhancing heterogeneous comparative advantages, and weakening
political connection.

3. Model Specifications and Measurement of Variables
3.1. PSM–DID Method

Difference-in-Differences (DID) is the most used method in policy evaluation [38,39],
but sample selection bias can greatly reduce the effectiveness of DID. To overcome the
above shortcomings, this paper uses the propensity score matching (PSM) method to match
the treated group with a more effective control group, thereby reducing the adverse effect
of sample selection bias on the reliability of the estimated results [40,41].

First, this paper uses the PSM method to match control groups for each firm impacted
by the regional integration policy. The probability function for firm i to be impacted by the
regional integration policy can be specified as follows:

logit(pi) = α0 + ∑ αZi + εi (1)

pi = p(dui = 1|Z = Zi) (2)

where pi denotes the probability for firm i entering the treatment group, and Zi denotes a
series covariates affecting the probability pi. Then, we matched the control group for each
treatment group firm by the following equation:
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∥∥ p̂treated,i − p̂untreated,i
∥∥ < r (3)

where p̂treated,i denotes the propensity score of firm i in treated group, and p̂untreated,i denotes
the propensity score of firm i in the untreated group. If the difference between p̂treated,i and
p̂untreated,i is within the matching radius r, then firm i is placed in the control group.

Subsequently, this paper constructs the following PSM–DID model to estimate the
impact of the regional integration policy on corporate environmental performance:

cepi,t = β0 + β1 × dui,t + β2 × dti,t + β3 × dui,t × dti,t + β4 ×Xi,t + ∑ Year + ∑ Industry + εi,t (4)

where cepi,t denotes the corporate environmental performance of firm i in year t, dui,t
denotes the treated group dummy, and dti,t denotes the policy year dummy. dui,t × dti,t
sdenotes whether the regional integration policy is implemented, and β3 reflects the net
impact of regional integration on corporate environmental performance. Xi,t denotes a set
of control variables. ∑ Year and ∑ Industry denote time- and industry-fixed effects, and
εi, t denotes error term.

3.2. Measurement of Variables

The dependent variable is corporate environmental performance (cep), which is mea-
sured by the natural logarithm of the industrial output value per unit of a firm’s pollutant
emissions. Meanwhile, the impact on the amount of pollutant emissions is also explored.
This paper selects three types of common pollutants, i.e., industrial sulfur dioxide emissions
(SO2), industrial wastewater (WATER), and industrial smoke and dust emissions (SD). Due
to missing values, chemical oxygen demand emissions (COD), ammonia nitrogen emissions
(TAN), and nitrogen oxygen emissions (NOx) are excluded from our sample. The treated
group dummy is denoted as du, which is equal to 1 if the city where the firm is located is
affected by the regional integration policy. The regional integration policy year dummy
is denoted as dt; it equals 1 if the year is after 2008 since the regional integration policy
was implemented in 2008. Following prior studies [1–4,42], a number of control variables
were selected in this paper, including city-level control variables and firm-level control
variables: city size (lncitysize), industrial structure (is), economic development (lnpgdp),
innovation capacity (lninn), information communication technology (lnict). We also control
some firm-level variables: firm’s size (lnsize), ownership of the enterprise (soe), export
behavior (export), and a firm’s development stage (maturity). The detailed definitions of
the variables are reported in Table 1.

Table 1. Detailed definition of variables.

Variables Definition

Dependent
variables

lncepSO2 Output value per unit of SO2 emissions (yuan/kg)
lncepWATER Output value per unit of WATER emissions (yuan/kg)

lncepSD Output value per unit of SD emissions (yuan/kg)
lnpeSO2 SO2 emissions (kg)

lnpeWATER WATER emissions (kg)
lnpeSD SD emissions (kg)

Independent
variables

du Treated group dummy
dt Regional integration policy year dummy

Control
variables

lncitysize Natural logarithm of the total population of the city where the firm is located
is The proportion of the tertiary industry

lnpgdp Gross domestic product per capita
lninn Natural logarithm of patent applications
lnict Natural logarithm of the number of mobile phones and internet users per 10,000 people in the city

lnsize Natural logarithm of total assets
soe It equals 1 for state-owned companies and 0 for non-state-owned companies

export It equals 1 if the export delivery value indicator is greater than 0

maturity It equals 1 if the firm’s age of establishment exceeds the median level of the sample, meaning the firm has
entered the mature stage
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3.3. Data

To obtain firm-level pollution data, we matched the Industrial Enterprise Database
with the Enterprise Pollution Database. City-level data were obtained from the China City
Statistics Database (CCSD) on the China Research Data Service (CNRDS) platform. In addi-
tion, cities with administrative division adjustments were excluded, and interpolation was
used to make up the missing values. All variables were winsorized at 1% and 99% levels.
Finally, 50,243 observations were obtained from 2003 to 2013. The descriptive statistics are
presented in Table 2.

Table 2. Descriptive statistics of variables.

N Mean Min Median Max Std

lncepSO2 50,243 1.218 −2.918 0.975 8.043 2.169
lncepWATER 50,243 −0.026 −4.382 −0.121 5.804 2.151

lncepSD 50,243 2.341 −2.655 2.039 9.606 2.492
lnpeSO2 50,243 2.605 −3.101 2.732 7.755 2.036

lnpeWATER 50,243 10.766 4.956 10.881 15.176 2.068
lnpeSD 50,243 8.393 2.079 8.564 13.648 2.287

lncitysize 50,243 6.014 4.529 6.096 6.898 0.565
is 50,243 39.589 27.230 38.540 63.590 7.227

lnpgdp 50,243 10.265 8.461 10.303 12.130 0.763
lninn 50,243 7.072 3.434 7.241 10.013 1.611
lnict 50,243 5.919 3.354 5.918 8.190 1.034

lnsize 50,243 10.952 7.879 10.826 15.177 1.538
soe 50,243 0.104 0.000 0.000 1.000 0.305

export 50,243 0.469 0.000 0.000 1.000 0.499
maturity 50,243 0.231 0.000 0.000 1.000 0.422

4. Empirical Results
4.1. Results of PSM

The control variables in this paper include both city-level variables and firm-level
variables. City-level variables are identical for different companies in the same city, which
will reduce the reliability of the propensity score estimation. Therefore, we also included
firm-level variables as covariates to implement PSM, and the results are shown in Table 3.

Table 3. Descriptive statistics of treatment firms and control firms.

Treatment Firms Control Firms

Pre Post Change Pre Post Change

lncepSO2 0.939 2.261 132.2% 0.616 1.382 76.6%
lncepWATER −0.595 0.26 85.5% −0.363 0.388 75.1%

lncepSD 2.648 3.677 102.9% 1.717 2.123 40.6%
lnpeSO2 2.891 2.186 −70.5% 2.807 2.491 −31.6%

lnpeWATER 11.341 11.117 −22.4% 10.695 10.404 −29.1%
lnpeSD 8.088 7.688 −40.0% 8.614 8.663 4.9%

Moreover, following the Outline of the Pearl River Delta Reform and Development
Plan, the firms located in the following nine cities were included in treatment group:
Guangzhou, Foshan, Zhaoqing, Shenzhen, Dongguan, Huizhou, Zhuhai, Zhongshan, and
Jiangmen. Firms located in other cities were included in the control group.

4.2. Baseline Regressions

After matching the samples through PSM, we proceed to estimate the impact of the
regional integration policy on a firm’s environmental performance through the DID method.
The results are shown in Table 4. The results for the output value per unit of pollutant
emissions are reported in columns 1 to 3, and columns 4 to 6 present the results for total
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emissions. Columns 1 and 4 present the results for SO2, columns 2 and 5 show the results
for WATER, and the results for SD are reported in columns 3 and 6. Moreover, industry and
year fixed effects are included for all specifications. In addition, to be more straightforward,
the results are graphically presented in Figure 1.

Table 4. Impact of regional integration on corporate environmental performance.

lncepSO2 lncepWATER lncepSD lnpeSO2 lnpeWATER lnpeSD

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

dudt 0.467 *** 0.223 *** 0.681 *** −0.375 *** −0.123 *** −0.582 ***
(12.957) (6.198) (16.036) (−10.690) (−3.543) (−14.147)

du −0.050 −0.565 *** −0.225 *** 0.129 *** 0.643 *** 0.305 ***
(−1.284) (−14.595) (−4.911) (3.419) (17.249) (6.876)

dt 0.349 *** 0.198 *** −0.568 *** −0.402 *** −0.259 *** 0.524 ***
(6.522) (3.707) (−9.020) (−7.714) (−5.046) (8.580)

lncitysize −0.019 −0.264 *** −0.364 *** 0.058 ** 0.321 *** 0.413 ***
(−0.781) (−10.802) (−12.616) (2.441) (13.618) (14.757)

is 0.024 *** 0.006 *** 0.012 *** −0.014 *** 0.004 *** −0.002
(15.075) (3.999) (6.441) (−9.116) (2.962) (−0.883)

lnpgdp 0.229 *** 0.156 *** 0.400 *** −0.176 *** −0.073 ** −0.339 ***
(6.368) (4.358) (9.452) (−5.020) (−2.117) (−8.257)

lninn −0.005 0.134 *** −0.185 *** 0.073 *** −0.074 *** 0.249 ***
(−0.316) (8.535) (−9.974) (4.760) (−4.891) (13.806)

lnict −0.055 ** −0.024 0.540 *** −0.084 *** −0.124 *** −0.680 ***
(−2.075) (−0.914) (17.341) (−3.259) (−4.882) (−22.511)

lnsize 0.294 *** 0.243 *** 0.348 *** 0.470 *** 0.522 *** 0.416 ***
(45.682) (37.936) (45.931) (74.877) (84.459) (56.588)

soe 0.040 −0.240 *** −0.094 *** 0.002 0.299 *** 0.143 ***
(1.309) (−7.911) (−2.618) (0.057) (10.242) (4.113)

export 0.566 *** 0.259 *** 0.640 *** −0.403 *** −0.098 *** −0.479 ***
(26.797) (12.320) (25.722) (−19.596) (−4.854) (−19.861)

maturity −0.046 * −0.183 *** −0.104 *** 0.072 *** 0.201 *** 0.127 ***
(−1.881) (−7.483) (−3.606) (3.025) (8.508) (4.536)

C −4.594 *** −3.005 ** −4.210 *** −1.417 3.534 *** 4.973 ***
(−3.558) (−2.337) (−2.771) (−1.127) (2.852) (3.377)

Industry FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

N 42,776 42,776 42,776 42,776 42,776 42,776
R2-Adj 0.367 0.335 0.335 0.303 0.316 0.253

F 420.526 366.151 366.513 315.737 336.058 246.229

Notes: *, ** and *** denote significance levels of 10%, 5% and 1%. T-values are reported in parentheses.

According to Table 4 and Figure 1, corporate environmental performance increases
with regional integration. More specifically, the effect on lncepSO2, lncepWATER, and
lncepSD are 0.467, 0.223, and 0.681, respectively. This indicates that the regional integra-
tion leads to an increase in the output value, of 46.7%, 22.3%, and 68.1% per unit emission
of SO2, WATER, and SD. Meanwhile, we find that the pollutant emissions decrease with
regional integration; more specifically, the regional integration leads to a decrease in
the emissions of SO2, WATER, and SD by 37.5%, 12.3%, and 58.2%, respectively. More-
over, the impact on the pollutant SD is the highest in both the output value per unit
emission and total emission, and the impact on WATER is the lowest. The possible
explanation for this difference lies in the industrial composition of the Pearl River Delta
region. The emission of WATER is mainly generated by the paper industry and related
industries, and the proportion of such industries in this region is relatively low, and
the agglomeration effect and selection effect generated by regional integration are not
enough to improve the pollution emission performance of such industries. However,
SO2 and SD are commonly found in light industries, and the Pearl River Delta is an
agglomeration area for such industries. Regional integration breaks down intra-regional
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market barriers that enhance the circulation of capital and labor, thereby improving
corporate environmental performance.
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4.3. Parallel Trend Test

To validate the empirical results of baseline regressions, we further implement the
parallel trend test. The results are reported in Figure 2; Figure 2a shows the results of
the parallel trend test for lncepSO2, the results for lncepWATER are presented in Figure 2b.
Figure 2c reports the results for lncepSD. For these three pollutants, the coefficients prior to
the implementation of the OPRDRDP are insignificant and negative whereas the coefficients
after the implementation of the OPRDRDP are significantly positive, which indicates that
the hypothesis of a parallel trend was satisfied.
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4.4. Industrial Heterogeneity

In this section, we proceed to investigate the industrial heterogeneity. We split the
sample into 29 major industries. Industry classification description is presented in Table 5,
and empirical results are shown in Figure 3.

Table 5. Industry classification description.

Category Industry Description

Ind1 Agricultural and sideline food processing industry
Ind2 food manufacturing
Ind3 Beverage Manufacturing
Ind4 Tobacco Products Industry
Ind5 textile industry
Ind6 Textile and apparel, shoe, and hat manufacturing
Ind7 Leather, fur, feather (down) and its products
Ind8 Wood processing and wood, bamboo, palm and grass products industry
Ind9 furniture manufacturing
Ind10 Paper and paper products industry
Ind11 Printing and reproduction of recording media
Ind12 Cultural, educational, and sporting goods manufacturing
Ind13 Petroleum processing, coking, and nuclear fuel processing industries
Ind14 Chemical raw materials and chemical products manufacturing
Ind15 Pharmaceutical Manufacturing
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Table 5. Cont.

Category Industry Description

Ind16 Chemical fiber manufacturing
Ind17 Rubber Products Industry
Ind18 plastic products
Ind19 Non-metallic mineral products industry
Ind20 Ferrous metal smelting and rolling industry
Ind21 Non-ferrous metal smelting and rolling processing industry
Ind22 metal products industry
Ind23 General equipment manufacturing
Ind24 Special equipment manufacturing
Ind25 Transportation Equipment Manufacturing
Ind26 Electrical machinery and equipment manufacturing
Ind27 Communication equipment, computer, and other electronic equipment manufacturing
Ind28 Instrumentation and cultural machinery manufacturing
Ind29 Crafts and other manufacturing
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Figure 3. Impact of the regional integration policy on corporate environmental performance in
different industries. (a) denotes the impact of the regional integration policy on a firm’s output
per unit pollutant emissions, (b) denotes the impact of the regional integration policy on a firm’s
total pollutant emissions. The bar chart denotes the regression coefficient of dudt in the PSM–DID
model, which can reflect the net impact of the regional integration policy. Ind1–ind29 denote 29 major
manufacturing industries, and the detailed description of the industries is shown in Table 5.

According to the results of Figure 2a, this paper shows that the impact of regional
integration on a firm’s environmental performance differs across different industries. In
terms of the environmental performance for SO2, the impact of regional integration is
greater for the petroleum processing, coking, and nuclear fuel processing industry (164.4%)
and special equipment manufacturing (141.9%). Followed by wood processing and wood,
bamboo, palm, and grass products industry (92.0%) and chemical raw materials and
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chemical products manufacturing industry (94.8%), the impact of regional integration is
also relatively high. However, for the tobacco products industry and instrumentation and
cultural machinery manufacturing, the effect of regional integration is Insignificant. Further
combining the results of Figure 2b, we find that the impact of regional integration on the
environmental performance of SO2 in the petroleum processing, coking, and nuclear fuel
processing industry is mainly due to the increase in output instead of emission reductions.
On the contrary, the improvement in environmental performance in the special equipment
manufacturing industry is mainly realized by emission reductions.

In terms of the environmental performance for WATER, the impact of regional in-
tegration is much higher in the tobacco products industry (257.9%) and printing and
reproduction of recording media industry (213.0%), followed by the agricultural and side-
line food processing industry (131.3%) and special equipment manufacturing (113.7%).
However, among the above industries, firms’ WATER emissions are reduced only in the
tobacco products industry (245.7%) and the printing and reproduction of recording media
industry (172.1%). The improvement of firms’ environmental performance for WATER in
other industries is mainly due to the improvement of the output rather than the reduction
of WATER emissions.

In terms of the environmental performance for SD, regional integration has a signifi-
cantly positive impact in almost all industries, of which the petroleum processing, coking,
and nuclear fuel processing industry (165.9%), general equipment manufacturing (168.8%),
and special equipment manufacturing (132.4%) are the highest. Among the above three
industries, SD emission is largely reduced in general equipment manufacturing and special
equipment manufacturing by 165.2% and 118.3%, respectively, compared with 65.6% for
the petroleum processing, coking, and nuclear fuel processing industry. This indicates
that the increase in firms’ environmental performance in terms of SD emissions from the
petroleum processing, coking, and nuclear fuel processing industry is based on the increase
in output rather than pollutant emission reduction.

The above results show that the impact of regional integration on corporate envi-
ronmental performance varies among different industries. Therefore, the government
needs to combine regional industrial structural characteristics to formulate industrial and
environmental policies.

4.5. Regional Heterogeneity

Since there are nine cities in the treated group, we further evaluate the impact of re-
gional integration on the corporate environmental performance in different cities. Empirical
results are shown in Figure 4.

The results of Figure 4 show that the effect of regional integration on environmental
performance of different pollutants differs across different regions. We find that the impact
of regional integration is higher for firms located in regional core cities. According to previ-
ous studies [43,44], Guangzhou and Shenzhen are the core cities of the Pearl River Delta
urban agglomeration, and Foshan, Zhaoqing, Dongguan, Huizhou, Zhuhai, Zhongshan,
and Jiangmen are the peripheral cities. For example, the regional integration leads to an
increase of 105.5% in terms of environmental performance for SO2 in Guangzhou, which
is the core city, whereas the impact of regional integration in Jiangmen and Zhuhai only
presents 31.7% and 20.1% (these are peripheral cities). Thus, the difference between core
and peripheral cities is significant in terms of the impact of regional integration. However,
from the perspective of total pollutant emissions, the emission reduction of sulfur dioxide
in Guangzhou only presents 76.4%, which is lower than 93.1% in Foshan. Moreover, the
emission reduction in Guangzhou is relatively lower than that of peripheral cities. Regional
integration does improve environmental performance by reducing the total amount of a
firm’s pollution emissions, but the improvement of a firm’s environmental performance
in central cities is mainly driven by the increase in output, while the peripheral cities are
mainly driven by the reduction in total emissions. One possible reason for this difference
lies in the difference in the industrial structure between the central and peripheral cities.
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Generally, industries with high pollution are located in the peripheral cities, and these
industries are highly impacted by environmental regulation; thus, the pollutant emissions
of the peripheral cities are greatly impacted compared to the core cities. Moreover, firms
in the tertiary industries are generally located in core cities; thus, they benefit from the
regional integration in terms of higher output, and thus, the output of firms located in core
cities is more impacted whereas the total emissions are less impacted.
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Figure 4. Impact of the regional integration policy on corporate environmental performance in
different regions. (a–c) denote the impact of the regional integration policy on the firm-level output
value per unit pollutant emissions, (d–f) denote the impact of the regional integration policy on
firm-level total pollutant emissions. The color grading of different cities is determined by the
absolute value of the regression coefficient of dudt in the PSM–DID model. The darker the color, the
stronger the impact of the regional integration policy. The blank area in the figure indicates that the
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dudt regression coefficient is not significant at the 10% level. The gray area indicates that the regional
integration policy has reduced the environmental performance of the enterprise or increased the total
amount of pollution emissions of the enterprise.

5. Robustness Test
5.1. Placebo Test

The “Outline of the Reform and Development Plan for the Pearl River Delta Region”
may also have an impact on firms that are not in the treated group cities, thereby reducing
the reliability of the estimated results. Therefore, we randomly select the treatment group
by the Monte Carlo method 1000 times to carry out the placebo test to ensure the reliability
of the results. Figure 5 reports the distribution of the estimation coefficients of regional
integration and the kernel density curve. The coefficients are distributed around zero and
obey a normal distribution, which is in line with the expectations of the placebo test. This
means that the improvement in environmental performance in the real treatment group is
driven by the policy implementation of regional integration.
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5.2. Re-Estimation with Replacement-Matched Samples

To retain more samples to estimate the differences in the impact of the regional
integration policy on different industries and regions, the above analysis uses a 1:4 ratio for
matching. To ensure the reliability of the results, we match the ratio of 1:1 in this section for
re-estimation. The results are shown in Table 6 below.

According to the regression results in Table 6, the coefficient of dudt is consistent with
the results in Table 4. After using stricter matching criteria to screen the samples, we still ob-
tain a consistent conclusion, that is, the empirical study in this paper has certain robustness.
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Table 6. Estimation results for samples with a 1:1 matching ratio.

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

lncepSO2 lncepWATER lncepSD lnpeSO2 lnpeWATER lnpeSD

du −0.090 ** −0.558 *** −0.271 *** 0.122 *** 0.592 *** 0.302 ***
(−2.034) (−12.971) (−5.203) (2.828) (14.315) (5.963)

dt 0.434 *** 0.228 *** −0.526 *** −0.488 *** −0.288 *** 0.482 ***
(6.788) (3.670) (−6.969) (−7.829) (−4.814) (6.592)

dudt 0.464 *** 0.195 *** 0.678 *** −0.363 *** −0.085 ** −0.569 ***
(11.306) (4.876) (14.007) (−9.068) (−2.210) (−12.124)

lncitysize −0.000 −0.298 *** −0.373 *** 0.032 0.349 *** 0.417 ***
(−0.015) (−11.213) (−11.613) (1.223) (13.677) (13.362)

is 0.026 *** 0.009 *** 0.016 *** −0.018 *** 0.000 −0.007 ***
(14.969) (5.407) (7.487) (−10.465) (0.178) (−3.258)

lnpgdp 0.349 *** 0.181 *** 0.562 *** −0.258 *** −0.062 −0.460 ***
(8.441) (4.483) (11.504) (−6.401) (−1.598) (−9.711)

lninn −0.025 0.129 *** −0.186 *** 0.079 *** −0.083 *** 0.233 ***
(−1.282) (6.918) (−8.230) (4.231) (−4.600) (10.602)

lnict −0.071 ** −0.027 0.475 *** −0.053 * −0.107 *** −0.599 ***
(−2.329) (−0.892) (13.101) (−1.778) (−3.725) (−17.046)

lnsize 0.286 *** 0.245 *** 0.335 *** 0.479 *** 0.524 *** 0.431 ***
(38.679) (33.968) (38.425) (66.421) (75.686) (50.974)

soe −0.024 −0.318 *** −0.181 *** 0.077 ** 0.380 *** 0.250 ***
(−0.689) (−9.297) (−4.367) (2.251) (11.571) (6.240)

export 0.555 *** 0.265 *** 0.679 *** −0.400 *** −0.111 *** −0.522 ***
(22.792) (11.177) (23.587) (−16.836) (−4.858) (−18.721)

maturity −0.065 ** −0.177 *** −0.110 *** 0.099 *** 0.198 *** 0.140 ***
(−2.274) (−6.381) (−3.277) (3.573) (7.425) (4.290)

C −3.600 ** −4.414 ** −2.180 −2.890 4.424 *** 2.402
(−1.968) (−2.477) (−1.009) (−1.620) (2.582) (1.147)

Industry FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

N 32,432 32,432 32,432 32,432 32,432 32,432
R2-Adj 0.387 0.350 0.352 0.318 0.311 0.277

F 348.138 296.422 299.953 257.190 249.556 211.856

Notes: *, ** and *** denote significance levels of 10%, 5% and 1%. T-values are reported in parentheses.

6. Conclusions

Environmental performance is extremely vital for sustainable growth in China, and
the impact of the regional integration policy plays an important role in improving environ-
mental performance. However, current studies are weak in causal inference, and firm-level
evidence is lacking. As a result, taking the Outline of the Pearl River Delta Reform and De-
velopment Plan as a quasi-natural experiment, this paper investigates the effect of regional
integration on firms’ environmental performance. Our empirical results show that regional
integration can significantly improve corporate environmental performance; specifically,
the regional integration will result in an increase in the output value, of 46.7%, 22.3%,
and 68.1% per unit emission of SO2, WATER, and SD. Moreover, the impact of regional
integration differs across different industries. For SO2, the impact of regional integration is
greater for the petroleum processing, coking, and nuclear fuel processing industries and
special equipment manufacturing; in terms of WATER, the impact is much higher in the
tobacco products industry and printing and the reproduction of recording media industry;
for SD, the petroleum processing, coking and nuclear fuel processing industries are highly
impacted. Finally, this impact also differs for core and peripheral cities.

This paper contributes to current research in the following aspects. First, to identify
the causal inference, we take the Outline of the Pearl River Delta Reform and Development
Plan as a quasi-natural experiment, whereas most prior studies use the price method or
other indexes. Second, unlike regional data and city-level data, this paper employs firm-
level data for environmental performance, which helps us understand the emission of
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specific pollutants. Moreover, with firm-level data, we can investigate the industrial and
regional heterogeneities.

For policy implications, first, regional integration policies are highly recommended,
China is implementing regional integration in the Beijing–Tianjin–Hebei area and Yangtze
River Delta, and these policies should be enhanced for other areas. Second, to maximize the
effect of regional integration, the government needs to combine regional industrial struc-
tural characteristics to formulate industrial and environmental policies. Third, different
environmental protection policies should be implemented by central government. More
intense environmental regulations should be enforced for the manufacturing industries in
core cities.

This paper is also limited in the following aspects. First, to match two databases, some
observations were deleted; thus, more effort will be made for firm identification in the
future, and more firms are expected to be matched. Second, through the PSM–DID, parallel
trend test, and placebo test, the endogeneity problem has been largely relieved. However,
there still exists a possible endogeneity issue; one possibility is that there may also exist
some other government policies that impact corporate environmental performance. In
future research, one can search related policies and eliminate their impact.
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