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This paper aims to investigate the impact, mechanism, and heterogeneity of

regional integration policy (RIP) on firms’ total factor productivity (TFP). We take

the integration of the Shenzhen-Dongguan-Huizhou policy (ISDHP) as the

research object and conduct a multi-dimensional fixed-effect DID analysis

based on China’s listed A-share firms’ data. The results show that RIP can

significantly improve corporate TFP within the region, while it is more

pronounced in the SOE group. After a series of robustness tests, the policy

effects are summarized as robust. In addition, we use a set of industry chain

indicators to identify the mechanism between RIP and corporate TFP from the

industry chain perspective. We conclude that the ISDHP can improve corporate

TFP by significantly improving the upstream degree of firms’ industrial chain.

Further research shows that the impact of ISDHP policies can also improve

corporate TFP by green innovating, innovating, and improving market

competitiveness. Moreover, the state-owned listed firms have significant

advantages in these mechanisms. In general, China’s ISDHP has achieved the

expected effect in improving enterprises’ TFP. However, in the future, attention

should be paid to the issues of “state tilt” and “private discrimination”.
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1 Introduction

Since China implemented the reform and opening-up policy in the late 1970s, the

national economy has achieved a miracle of economic growth driven by capital and

resource factors. However, the extensive growth mode that intensively relies on resources

and factors is difficult to maintain. Resource and environmental issues have become

important constraints restricting China’s economic growth, and the issue of high-quality

development is imminent (Yu et al., 2020). The 19th National Congress of the Communist
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Party of China proposed: “China’s economy has shifted from a

stage of high-speed growth to a stage of high-quality

development, and is in a critical period of transforming its

development mode, optimizing its economic structure, and

transforming its growth drivers.” High-quality economic

development no longer only emphasizes the speed of

economic growth, but also pays more attention to the quality

and efficiency of economic growth. In this context, the

improvement of total factor productivity (TFP) has become

the key content of high-quality economic development. How

to improve corporate TFP to achieve high-quality development

at the enterprise level has become an important topic of concern

for scholars in recent years.

In order to solve similar problems related to the quality of

economic development, China and other emerging economies

have taken many measures (Ma & Zhu, 2022). Among these

attempts, the regional integration policy (RIP), which is

represented by targeted integration of regions, is the policy

attempt that the Chinese government attaches great

importance to. Previous studies have shown that the degree of

integration of the economic circle determines the spatial

arrangement and strategic position of a region. It directly

determines the development quality and efficiency of a

country or region (Chen A. Z et al., 2021; Zhang et al., 2021).

On this basis, scholars have studied the relationship between RIP

and high-quality economic development. They mainly focus on

the impact of regional integration on high-quality development

at the macro level, for example, by studying the impact of

regional integration on urban TFP (Li et al., 2017; Huang and

Zhang, 2019; Zhang et al., 2021). Surprisingly, however, few

studies have examined the impact of RIP on firm-level TFP at the

microenterprise level. To address this gap, we use data from

Chinese listed companies to examine the impact of RIP on firm

TFP, taking the integration of the Shenzhen-Dongguan-Huizhou

Policy (ISDHP) as an example.

In theory, the main content of the RIP is to ease the

constraints on the cross-regional circulation of resource

elements. It reduces the cost of transportation and trade while

promoting the spatial diffusion and spillover of knowledge and

technology. It realizes the efficient allocation of resource factors

and reduces the cost of technological innovation for enterprises

(Li et al., 2017; Gries et al., 2018; Zhang et al., 2021). Therefore,

logically, RIP may have a positive impact on corporate TFP.

Many scholars have carried out theoretical and empirical

analyses and provided empirical supporting evidence (Jensen

& Miller, 2018; Bau and Matray, 2020; Blankespoor et al., 2022).

For example, Li et al. (2022) apply the PSM-DID method to

examine the impact of RIP on firm productivity and its

heterogeneity based on the city data of the Yangtze River

Economic Belt. Their findings support this view. However,

RIP does not always have a positive impact on corporate TFP

as expected. Many scholars have come to the exact opposite

conclusion. They believe that the process of regional integration

will boost the cross-regional location choices of heterogeneous

companies. It will exacerbate regional imbalances, increase the

productivity gap between regions, and inhibit the productivity of

enterprises in backward regions (Liang et al., 2012; Lv et al.,

2019). For example, Lv et al. (2019), based on the theoretical

model of the new economic geography, examines the relationship

between the integration process and corporate productivity. They

found that in the process of integration, low-productivity firms in

developed regions migrated out first. Then the economic gap

between regions is narrowing, but the productivity gap is

widening. Although the above studies have drawn completely

contradictory conclusions, they also confirm that RIP does have

an impact on corporate TFP. To this end, it is necessary to

introduce new empirical evidence to assess the causal

relationship, providing new empirical extensions to the

existing literature.

In addition, COVID-19 swept the world at the end of 2019,

and the global outbreak of the epidemic and extreme weather

conditions had a great impact on international economic trade. It

has brought a series of severe challenges to the development of

the industrial chain in China’s southeast coastal economic circle.

The high-quality development of each economic circle has been

negatively affected to varying degrees (Dou et al., 2021). This

raises another question, will the level of industrial chain linkages

in the economic circle be an important mechanism that affects

the effect of RIP on corporate TFP? However, to the best of our

knowledge, this leaves a gap in existing research on the impact of

RIP on corporate TFP. In the field of international trade, many

scholars have conducted many investigations on the link between

the industrial chain and corporate TFP (Yan et al., 2018; Hu et al.,

2021; Opazo-Basáez et al., 2021; Hu et al., 2022). For example, Ge

et al. (2018) used Chinese firm-level data from 2000 to 2007 to

study the impact of industrial chain participation on firm

productivity. The results show that Chinese manufacturing

firms experience significant productivity enhancement effects

in industrial chain embedding. Cainelli et al. (2018) also

provide empirical support for this conclusion. Therefore, the

link between the industrial chain level and corporate TFP has

been confirmed. While the relationship between RIP and the

industrial chain has been generally ignored in the existing

literature. Therefore, we conducted this empirical analysis to

examine the impact of the ISDHP on the industrial chain to

complement research in this area.

As discussed above, the relationship between RIP and

corporate TFP remains uncertain in the literature. However,

clarifying this relationship will help us better understand the

micro-mechanisms of the high-quality development of the

economic circle. It provides new insights for formulating

scientific and accurate policies for the high-quality

development of enterprises and RIP. To better solve the above

problems, we choose the Shenzhen-Dongguan-Huizhou

economic circle (SDHEC) as the research object among the

many economic circles in China. We use 2007–2021 China
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A-share listed company data from CSMAR database and apply

the DID method to investigate the impact of RIP on corporate

TFP. To get a more detailed grasp, we also use the number of

patents filed by listed companies and the HHI index to further

investigate the other mechanisms. It found that the

implementation of RIP can significantly increase the number

of patents, reduce the HHI index of enterprises, and then achieve

a positive impact on corporate TFP. In addition, starting from the

ownership of listed companies, we use the DDD method to

further investigate the heterogeneity of the policy effects of

economic circle integration. We find that the policy effect of

ISDHP shows a more significant TFP improvement effect in

state-owned listed companies.

The marginal contributions of our research are mainly

reflected in the following aspects: Firstly, this study is one of

the few studies that enrich the impact of RIP on corporate TFP at

the micro level. Our findings link economic circle integration

policies at the macro level with high-quality enterprise

development at the micro level. It provides new insights for

relevant policymakers and business managers. Secondly, to our

knowledge, this study is the first paper that attempts to examine

the mechanism of RIP on corporate TFP from the perspective of

industrial chain linkages. It provides new ideas for the RIP and

industrial chain builders of emerging economies including

China. It also helps to realize the high-quality development of

enterprises in the region in the post-epidemic era. Thirdly, we

introduce a variety of causal identification methods such as the

multi-dimensional fixed-effect DID method and DDD method.

These econometric methods help to scientifically estimate the

policy effects, mechanisms, and heterogeneous characteristics of

ISDHP in China. It also improves the scientific nature of policy

treatment effect evaluation and provides ideas for such policy

evaluation work.

In the following text, Section 2 discusses the policy

background and literature. Section 3 explains the methodology

and data. Section 4 illustrates the empirical results of the

benchmark model, robustness tests, and policy heterogeneity.

Section 5 is an in-depth analysis of the mechanism. The last

Section brings out the conclusions and recommendations for

future research.

2 Background and literature

2.1 Policy background

The Pearl River Delta is an important urban agglomeration

along the southeast coast of China and an important engine of

China’s economic growth. Its economic and social development

is deeply affected by the combined effects of globalization and

localization (Liu et al., 2022). The integration process of the Pearl

River Delta is as follows: firstly, the key construction of the core

cities of Guangzhou, Shenzhen, and Zhuhai, forming a core-edge

structure; secondly, to form secondary urban agglomerations or

economic circles around these three core cities, namely Guang-

Fo-Zhao (Guangzhou, Foshan, Zhaoqing), Shen-Guan-Hui

(Shenzhen, Dongguan, Huizhou), and Zhu-Zhong-Jiang

(Zhuhai, Zhongshan, Jiangmen), forming a multi-center ring-

layer structure. On 24 September 2009, the third joint meeting on

the integration of Shenzhen-Dongguan-Huizhou was held in

Huizhou. Following the requirements of the “Outline of the

Reform and Development Plan for the Pearl River Delta

Region” on “optimizing the functional layout of the east bank

of the Pearl River estuary” and the Guangdong Provincial

Government’s “Guiding Opinions on Accelerating the

Promotion of the Regional Economic Integration of the Pearl

River Delta”, Shenzhen, Dongguan, and Huizhou held three joint

meetings of the main leaders of the party and government in the

three cities in 2009. They signed a series of cooperation

agreements, such as “Implementing the Outline of the Reform

and Development Plan for the Pearl River Delta Region and

Promoting Close Cooperation in the East Bank of the Pearl River

Estuary”, and “Shenzhen-Dongguan-Huizhou Planning

Integration Cooperation Agreement”. In 2014, Guangdong

Province’s revitalization and development strategy for the east,

west, and north regions of Guangdong was carried out. Heyuan

and Shanwei were officially included in the SDHEC.

The SDHEC has successively established a multi-level and

multi-channel cooperation structure. Under this cooperation

framework, SDHEC has adopted a series of integrated reform

policy measures. It mainly includes the following five aspects:

industrial integration, environmental protection integration,

transportation infrastructure integration, technological

innovation integration, and market integration (as shown in

Table 1).

At present, under the integrated reform policy measures,

SDHEC has made significant progress in industrial development,

environmental governance, infrastructure construction, and

collaborative innovation. However, it is difficult for us to

directly judge whether ISDHP has brought improvement to

corporate TFP. If so, by what mechanism does ISDHP achieve

its influence on corporate TFP? Is there heterogeneity in the

policy effects of ISDHP? These issues need to be further identified

and analyzed.

2.2 Literature and hypothesis

2.2.1 The RIP and corporate TFP
Although, as a macro-regional planning policy, RIP focuses

on the macro-level multi-regional and cross-administrative

boundary economic coordination policy, the micro-effects of

policies have been a hot research direction of scholars in recent

years. As mentioned in the introduction, the key job of RIP is to

break through the barriers, which can significantly reduce the

cost of acquiring advanced knowledge and technologies for some
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enterprises in the economic circle, thereby improving the TFP of

these enterprises. Much literature supports this view. For

example, Blankespoor et al. (2022) examine the integration

effect such as the Jamuna Bridge construction in Bangladesh.

They found that integration by the bridge construction led to

economic revival in the Jamuna hinterland and increased

productivity. In addition, under RIP, human capital

represented by advanced managers will be efficiently

circulated between regions. It can bring advanced

management levels and allocation efficiency to some

enterprises and improve the TFP of enterprises (Chang et al.,

2016; Hou & Song, 2021). For China, Li et al. (2022) report

similar conclusions. Therefore, RIP may have a positive impact

on their TFP. Accordingly, we propose the first hypothesis:

H1a: The ISDHPwill have a positive impact on corporate TFP

within the territory.

However, RIP does not always lead to high-quality

development as expected while being introduced to more

and more countries and regions. Scholars have even found

the exact opposite conclusion. They believe that the RIP will

interfere with the spatial location choice of enterprises and

hinder the free choice and productivity ranking in market

competition. It interferes with the resource allocation process,

resulting in rising transaction costs and restricting the

improvement of corporate TFP (Chuah et al., 2018; Chen &

Lin, 2021). In addition, although the RIP can reduce

transaction costs, however, this positive effect is mainly

reflected in the core areas. For the non-central areas,

excellent enterprises, resources, and factors are attracted

and absorbed by central cities and regions. At the same

time, relatively inefficient enterprises are squeezed into

non-central areas. This will further deteriorate the

productivity improvement of the non-central areas. This

argument is supported by Lv et al. (2019). Based on the

theoretical model of the new economic geography, they

found that in the process of integration, low-productivity

firms in developed regions migrated out first. Then the

economic gap between regions is narrowing, but the

productivity gap is widening. On this basis, we propose the

following hypothesis:

H1b: The ISDHP will have a negative impact on corporate

TFP within the territory.

TABLE 1 Main integration policy elements of the ISDHP.

Policy elements Policy content Mechanisms Involved

Industrial integration Implement a “double transfer”; With the help of the industrial advantages of
Shenzhen and Dongguan, reconstruct the industrial spatial layout, and focus on
“points”, “lines” and “surfaces” according to the industrial chain; Promote
industrial transfer and structural upgrading, and form an industrial division of
labor system

Industrial Chain Mechanism

Environmental protection
integration

Signed the “Three Cities Boundary River and Cross-Boundary River
ComprehensiveManagement Agreement”, “Boundary River and Cross-Boundary
River Comprehensive Management Task Force Charter” and other documents;
Set up a cross-city environmental problem governance special group; Adopt
strong systems such as the heavily polluting enterprise contracting system, reward
system for reporting, and accountability system, etc; Promote the implementation
of corporate pollution control and emission reduction work, and promote the
governance of environmental problems across administrative regions

Green Innovation Mechanism

Transportation infrastructure
integration

Sign the “Shenzhen-Dongguan-Huizhou Infrastructure Integration Plan”, “Three
Cities Boundary Road Construction and Connection Agreement”, “Three Cities
Cross-Border Passenger Line Bus Operation Cooperation Agreement”, “Planning
Integration Cooperation Agreement”, and “Supplementary Agreement on
Accelerating the Promotion of Transportation Integration”; Build a “five
horizontal and three vertical” expressway network, formulate intercity rail
planning, promote the reconstruction and resumption of flights at Pingtan
Airport; Build the integrated transportation network

Industrial Chain, Green Innovation, Innovative, Market
Competition Mechanisms

Technological innovation
integration

The docking of the technology management system, the regular seminars of the
leaders of the Science and Technology Bureau, and the docking of technology
business and policies; Establish a database and a unified data information
platform; Build cross-regional scientific and technological innovation carriers,
such as innovation incubators and accelerators, high-tech industrial parks,
industrial technology alliances, etc.; Regional cooperation in major scientific
research projects to promote regional collaborative innovation

Green Innovation, Innovative Mechanisms

Market integration Gradually clear up unreasonable administrative approval items; Gradually unify
the scope of approval, approval standards, and approval procedures; Strengthen
collaboration in the management of social and public affairs; Increase cooperation
in regional education, health, medical care, social security, employment, and other
social and public services; Eliminate the cross-city flow of people, finance and
resources and market access restrictions, and establish a unified market.

Market Competition Mechanism
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2.2.2 RIP’s industrial integration measures and
industrial chain mechanism

As mentioned in the introduction, scholars have confirmed

the link between the industrial chain level and corporate TFP

(Amiti et al., 2014; Baldwin & Yan, 2014; Chen H et al., 2021). As

for China, due to its latecomer advantages, it can easily learn and

absorb advanced production processes, management systems,

and advanced technologies from importing countries in

international trade (Liu et al., 2017; Chen W et al., 2021).

However, the relationship between RIP and the

industrial chain has been generally ignored in the existing

literature.

As shown in Table 1, we can reasonably believe that RIP’s

industrial integration measures can reshape the industrial

structure and layout of the economic circle. This makes the

original homogeneous industrial competition evolve into a

rational division of labor. On the one hand, industrial

redistribution can stimulate the extension and expansion of

the local industrial chain. This directly enhances the domestic

connection of the industrial chain. The regional integration of the

industrial chain will also enhance the international competitive

advantage and connection of the industrial chain. On the other

hand, enterprises in the economic circle can enjoy the

amplification effect of the integrated local market in industrial

redistribution. This will lead to an increase in competitiveness,

allowing companies to climb further upstream in the global

industrial chain and global value chain. Therefore, we propose

the hypothesis as follows:

H2a: Industrial chain linkage is an important mechanism for

ISDHP to improve corporate TFP. ISDHP can significantly

improve the upstream of the industrial chain of local

enterprises and drive the growth of corporate TFP.

However, some scholars have found that the international

linkage of the industrial chain may not always improve corporate

productivity. For example, Daveri & Jona-Lasinio (2008) did not

find the productivity improvement effect brought by

international production segmentation in their research. Lin &

Ma (2012) suggested that during their sample period Korea’s

experiment with service outsourcing did not lead to an increase

in its productivity. This mismatch in the global industrial chain

will somehow affect its positive impact on corporate TFP. On this

basis, we propose the opposite hypothesis:

H2b: The industrial chain connection has no significant

mechanism role in the influence of the ISDHP on corporate TFP.

2.2.3 RIP’s environmental protection integration
measures and green innovation mechanism

Previous studies have shown that environmental policy has a

significant impact on corporate green innovation (Hazarika&Zhang,

2019; Takalo & Tooranloo, 2021). As shown in Table 1, ISDHP has

taken many environmental protection integration measures. These

measures are indeed the environmental policy. Therefore, logically,

RIP can convey greenmanagement signals to companymanagement

by exerting environmental pressure on enterprises. It will prompt

companymanagement to take green behavioral decisions in response

to policy pressures from the integrated system of environmental

protection (Wang et al., 2020; Liu et al. al., 2021). Thus, RIP can

promote corporate green innovation. The improvement of corporate

green innovationwill inevitably lead to the improvement of corporate

TFP. Therefore, we propose the green innovation mechanism

hypothesis:

H3: Green innovation plays a significant mechanism role in

the influence of the ISDHP on corporate TFP.

2.2.4 RIP’s infrastructure integration measures
and innovative mechanisms

Theoretically, innovation integration can significantly

improve the allocation efficiency of knowledge, technology,

and human resources in the spatial dimension. It can

significantly reduce the cost of acquiring advanced resources

for enterprises. This helps to improve the probability of

enterprises achieving technological innovation and

independent innovation, thereby improving TFP (Davids &

Frenken, 2018; Kijek & Matras-Bolibok, 2019). Based on that,

we propose the innovation mechanism hypothesis:

H4: ISDHP has significantly improved the local corporate

TFP by enhancing the innovation capabilities and the green

innovation level of the companies in the circle.

2.2.5 RIP’s market integration measures and
market competition mechanism

As shown in Table 1, the market integration policy measures

in RIP aim to form a unified market within the economic circle.

That is, to build a relatively unified and perfect market

environment and form a market atmosphere with complete

competitiveness. Therefore, we believe that the advancement

of the market integration process in the integration of

economic circles will help improve the degree of market

competition, improve market efficiency, accelerates the

replacement and elimination of outdated production capacity

and technology, and improves the TFP of enterprises in the circle

(Abdoh, 2019; Liu and Li, 2021). In conclusion, we propose the

market competition mechanism hypothesis:

H5: ISDHP significantly improves corporate TFP by raising the

level of market competition in the economic circle.

3 Methodology and data

3.1 Methodology

The DID method is widely used in the existing literature

when assessing the impact of a government’s economic and

social policy (Card and Krueger, 1994; Goodman-Bacon,2021).
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Accordingly, we mainly use the multi-dimensional fixed-effects

DID model to examine the impact of ISDHP on micro corporate

TFP as follows:

tfp lpijt � βPostt × Treati︸������︷︷������︸
DIDit

+∑
k

ρkXjk(t−1) + Firmi + Provincej

+ Yeart + εijt

(1)
In the above model, i represents the listed company, j

represents the province, and t represents the year. tfp lpijtis

the dependent variable, and represents the TFP level of listed

companies. Postt is the policy time dummy variable. Treati is the

dummy variable of the treatment group (whether the enterprise

is within the spatial scope of the SDHEC). Xjk(t−1) is the control
variable with a lag of one period.Firmi, Provincej, Yeart
represents the individual, province, and time fixed effect

items, respectively. εijtis the error term.

3.2 Variables

1) Dependent Variable. The existing methods for measuring

the TFP of listed companies mainly include the parametric

method, non-parametric method, and semi-parametric

method. Among them, semi-parametric estimation has

become the main method for estimating micro corporate TFP

because it can avoid simultaneous bias and selection bias (Liu

et al., 2017). Commonly used semiparametric methods are the

OPmethod (Olley & Pakes, 1996) and the LPmethod (Levinsohn

& Petrin, 2003). However, due to the high requirements of OP for

raw data, scholars gradually turned to the LP method, which

takes into account the problem of endogeneity and missing data,

to estimate the TFP of listed companies (Lu & Lian, 2012).

Therefore, this paper mainly refers to the practice of Zhang &

Shen (2020), Giannetti, et al. (2015), Yang (2015), and other

scholars. We first use the LP method to calculate the TFP of

Chinese listed companies for benchmark model estimation.

Secondly, we adopt the OP method and other methods to

measure the TFP of various listed companies (tfp_op, tfp_xie,

tfp_liao) for robustness testing. The input-output variables

required for the calculation are as follows: Operating income

(total output), net fixed assets (capital input), number of

employees (labor input), intermediate inputs (operating cost

plus selling expenses plus administrative expenses plus

financial expenses minus depreciation and amortization minus

paid to and for employees cash).

2) Key Explanatory Variable. The key explanatory variable in

the benchmark model 1) is the multiplication term of the time

dummy variable and the treatment group dummy variable

Postt × Treati. Postt is the ISDHP time dummy variable,

which is 0 before the policy is implemented and 1 after the

policy is implemented. Treati is a dummy variable of the

treatment group, and enterprise i is within the spatial range of

the SDHEC and takes one; otherwise, it takes 0. What we care

about is the coefficient β of Postt × Treati, if it is significantly

greater than 0, it means that deep ISDHP significantly improves

corporate TFP, and if it is less than 0, it means it significantly

inhibits corporate TFP.

3) Key Mechanism Variables. ①Industry chain mechanism

variables. We choose the number of production stages in the

industrial chain and the industrial chain position index to

measure the level of the regional industrial chain.

Accordingly, we examine how ISDHP affects the regional

industrial chain and then act on corporate TFP. Based on the

research of Wang (2017a, 2017b), we use the production chain

forward link production length Plv to measure the number of

production stages in the industrial chain. The larger the value Plv,

the farther the sector is from the final consumer end, and the

more upstream the sector is in the value chain of the industrial

chain. Then we use the production chain backward link

production length Ply to examine the upstream and

downstream levels of the industry. The larger the value Ply,

the closer the sector is to the final consumer, and the more

downstream the sector is in the value chain of the industrial

chain. Besides, we use the ratio of forward link production length

to backward link production length POS and the APL-based

production position index POS_ APL to measure the industrial

chain position index (Wang, 2017a; Zhao). When the Position

value is high, it means that this sector is relatively further from

the final consumption end.

② Green Innovation mechanism variables. Based on the

research of Li and Zheng (2016), Wang et al. (2021), etc., we use

the number of green patent applications of listed companies to

measure the level of corporate green innovation GAP. In

addition, we use the ratio of the number of green patent

applications filed by listed companies in the current year to

the number of patents filed in the current year,GAPR, as another

robustness test dependent variable.

③ Innovation mechanism variables. Based on the research of

Im & Shon (2019), and Chen (2021), we use the number of patent

applications filed by listed companies to measure the level of

corporate innovation. Specifically, the number of patent

applications of listed companies is obtained by adding up the

number of invention patents and utility model patents of listed

companies. In addition, we take the number of invention patents

authorized by listed companies as a robust test in the follow-up

study. To eliminate the obvious right-skewed distribution

problem of the patent data of listed companies, we take the

natural logarithm of the number of patents plus one to obtain

APTijtand GPTijt.

④Market competition mechanism. Based on the research of

Yu et al. (2016) and other scholars, we use HHI (Wang & Zhou,

2017) and Lener Index (Zhang & Zhao, 2022) to measure the

level of competitiveness of listed companies in the market. The

values of HHI and LI reflect the level of monopoly power in the
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market in which the company is located. Therefore, the larger the

value, the stronger the market monopoly power of the industry

and the lower the degree of market competition.

4)Control Variables. To control the potential confounding

factors that may affect the total factor productivity of enterprises

and obtain more reliable estimation results of policy effects,

based on the research of Chen W et al. (2021), Zhang and Liu

(2022), and other scholars, the following enterprise-level

variables are controlled: ① Enterprise size (Size); ② Asset-

liability ratio (Lev); ③ Return on assets (ROA); ④ Enterprise

TobinQ (TobinQ); ⑤ Enterprise age (Age). In addition, we also

control for the fixed effect of the province, the individual

company, and the year. It removes unobservable confounding

factors at the regional and enterprise levels that do not change

with time and time factors that do not change with individuals, to

improve the credibility of policy effect estimates.

3.3 Data sources

The data used in this paper mainly come from three sources:

listed company data, industry chain data, and patent data. In this

study, the LP method is used to measure the explained variable

corporate TFP, which requires input and output variables. These

IO variables and the main control variables are all from the

CSMRA listed company finance and characteristics database. We

manually collect data on variables related to A-share listed

companies. Financial insurance and abnormal trading listed

companies (ST and PT listed companies) are excluded, and

samples of companies with serious missing variables are also

removed. The data for calculating the industrial chain comes

from the ADB-MRIO in the UIBE GVC Indicators database

RIGVC UIBE 2016. The ADB-MRIO (2021) database contains

data from 63 countries and regions and 35 industrial sectors in

15 years from 2000 to 2007–2020. Based on the data of ADB-

MRIO (2021) and the method of Wang (2017a, 2017b), this

paper calculates the industrial chain length and industrial chain

position data of various industries. To make full use of ADB-

MRIO (2021), this paper selects the samples from 2007 to 2020 to

match and merge with the data of listed companies to obtain the

industrial chain data of listed companies.

In addition, to verify the innovation mechanism of ISDHP,

the patent data of listed companies is also required. The patent

data of listed companies including patent application data and

patent authorization data comes from the China Research Data

Service Platform (CNRDS). Then, we obtain the green patent

data bymatching the patent identification in the CNRDS with the

“Green List of International Patent Classification” issued by the

World Intellectual Property Organization (WIPO). Then, the

characteristic data, the industrial chain data, and the patent data

are matched and merged to obtain the final dataset. To eliminate

the influence of extreme values, this paper performs a 1%

Winsorize treatment on the main variables.

3.4 Descriptive statistics

Table 2 shows the descriptive statistics of the main variables.

tfp_lp has a mean of 9.04, a standard deviation of 1.107, a minimum

value of 6.33, and a maximum value of 12.27, and it shows that the

TFPmeasured by the LPmethod is quite different among the sample

listed companies. Similarly, the statistics of Plv, Ply and APT also

show that the length of the regional industrial chain and the level of

innovation among listed companies are quite different.

4 Empirical results

4.1 Parallel trend test

The important premise of using the DIDmodel is that the policy

treatment group and the control group have a significant parallel

trend before the policy (Huang and Chen, 2022a; Wang et al., 2021).

That is, before the implementation of the integration policy, the TFP

levels of listed companies in Shenzhen-Dongguan-Huizhou and non-

Shenzhen-Dongguan-Huizhou should have a significantly parallel

time series trend. Based on the literature (Deschenes et al., 2017; Liu

& Xiao, 2022), we use the event study method for reference to carry

out the parallel trend test, and the model is as follows:

tfp lpijt � ∑
m

λmTreati × Timem +∑
k

ρkXjk(t−1) + Firmi

+ Provincej + εijt (2)

In model (2), Timemis the year dummy variable. λmis the

coefficient of the difference between the treatment group and the

control group affected by the policy effect in the corresponding year.

According to the model estimation results, draw a parallel trend test

result graph, as shown in Figure 1. There is no significant difference

between the treatment group and the control group before the

implementation of the integrated policy, which satisfies the

parallel trend assumption.

TABLE 2 Descriptive statistics.

Var Obs Mean SD Min Median Max

tfp_lp 30269 9.04 1.107 6.33 8.94 12.27

DID 30269 0.08 0.271 0.00 0.00 1.00

Plv 30269 3.05 0.795 1.04 3.00 4.99

Ply 30269 3.10 0.686 1.30 3.41 3.86

APT 30269 2.39 1.782 0.00 2.48 9.70

Size 30269 22.08 1.294 19.41 21.89 26.43

Lev 30269 0.42 0.208 0.03 0.42 0.92

ROA 30269 0.04 0.067 -0.40 0.04 0.25

TobinQ 30269 2.06 1.398 0.80 1.62 17.73

Age 30269 2.83 0.375 0.69 2.89 3.61
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4.2 Benchmark results

As shown in Table 3, columns (1)–4) are the results of the

average treatment effect estimated by the DIDmodel with or without

the control variable and fixed effect. Column 4) is the estimation

result of the benchmark model (1). By comparison, we can examine

the difference in estimated results with or without control variables

and with or without fixed effects. The results show that after

controlling for firm-level control variables and fixed effects,

ISDHP has a significant promoting effect on the TFP of listed

companies. The estimated coefficient is significant at the 1%

confidence level. The above benchmark regression results for the

first time confirm the significant improvement effect of Chinese

ISDHP on corporate TFP, which is consistent with the theoretical

hypothesis H1a.

In addition, column 5) in Table 3 is the estimation result of

selecting the listed companies in Guangdong Province to identify the

benchmark model. When the sample is limited to Guangdong

Province, the baseline estimation results are still significant at the

1% confidence level, again supporting the theoretical hypothesisH1a.

To understand the time series characteristics of policy effects

more clearly, we added dynamic policy effect analysis to the

benchmark regression.

As shown in Table 4, column 1) is the dynamic policy effect

analysis results of the full sample. After the policy is

implemented, RIP has a positive impact on corporate TFP

and the policy effect varies over time. However, from 2011 to

2013, the policy effect is not significant, and after that turns to

positive and significant. In addition, we add the dynamic policy

effect analysis of the Guangdong Province sample for the robust

test as shown in column (2). It found that the policy effect still

varies over time and the policy effect disappears in

2011–2013 and 2018–2019.

4.3 Robustness tests

4.3.1 Dynamic sliding window test
The previous article has analyzed the average policy effect of

ISDHP on corporate TFP and lacks a sufficient comparison

FIGURE 1
Parallel trend test (PS: The figure is drawn according to the value and the confidence interval of the coefficient λmestimated by the event study
model).

TABLE 3 Baseline regression results.

Model (1) (2) (3) (4) (5)

DID 0.045* 0.098*** 0.113** 0.174*** 0.162***

(0.025) (0.016) (0.048) (0.014) (0.015)

Obs 30,269 28,181 30,072 27,982 4,155

R-squared 0.0001 0.677 0.868 0.918 0.917

Controls N Y N Y Y

Province FE N N Y Y N

Year FE N N Y Y Y

Firm FE N N Y Y Y

Ps: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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before and after the policy is introduced. Therefore, referring to

the research method of Shi and Li (2020), the difference in

corporate TFP in different periods was tested by changing the

time window width before and after the introduction of ISDHP.

Specifically, 2 and 3 years are selected as the windowwidth for the

dynamic sliding window test.

The test results are shown in Table 5. Changing the width of

the time window does not change the direction of the impact of

ISDHP on corporate TFP. It indicates that the estimation results

of the benchmark model are robust, again supporting the

theoretical hypothesis H1a.

4.3.2 Counterfactual test
To make the benchmark regression results credible, this

paper advances the ISDHP time by 1 year (Pre1) and 2 years

(Pre2) and conducts a counterfactual test on the average

treatment effect of RIP on SDHEC’s corporate TFP.

The results are shown in Table 6 below. When we advance

the ISDHP time by 1 year and 2 years, the effect of RIP on

corporate TFP is not statistically significant. It stated that when

ISDHP was not implemented, RIP did not have any significant

impact on SDHMC’s corporate TFP. Therefore, the baseline

model regression results are robust, which again supports the

theoretical hypothesis H1a.

4.3.3 Placebo test
Although DID estimates can mitigate potential unobservable

confounders to some extent, self-selection bias may still exist in the

treatment groups. Therefore, referring to the research of Huang and

Chen (2022b), and Wang et al. (2021), we further avoid this bias by

conducting multiple random sampling experiments. Specifically, we

randomly sample 1,000 times to obtain a virtual experimental group

and a control group and apply the benchmark estimation model to

identify policy effects. The results of the placebo test were examined

by plotting the kernel density curve and the distribution of policy

effect coefficients as shown in Figure 2. It shows the distribution of

TABLE 4 Dynamic policy effect analysis results.

Model (1) (2)

Treat × year09 0.134* 0.135*

(0.074) (0.075)

Treat × year10 0.154** 0.148*

(0.078) (0.080)

Treat × year11 0.141 0.139

(0.089) (0.089)

Treat × year12 0.153 0.147

(0.094) (0.096)

Treat × year13 0.144 0.134

(0.095) (0.096)

Treat × year14 0.182* 0.170*

(0.097) (0.098)

Treat × year15 0.178* 0.165*

(0.098) (0.099)

Treat × year16 0.233** 0.219**

(0.104) (0.106)

Treat × year17 0.196* 0.181*

(0.103) (0.105)

Treat × year18 0.189* 0.171

(0.103) (0.105)

Treat × year19 0.187* 0.167

(0.103) (0.105)

Treat × year20 0.206** 0.187*

(0.103) (0.105)

Obs 27,982 4,155

R-squared 0.918 0.918

Controls Y Y

Province FE Y Y

Year FE Y Y

Firm FE Y Y

Ps: Robust standard errors in parentheses, **p < 0.05, *p < 0.1.

TABLE 5 Dynamic sliding window test results.

Model 2 Years 3Years

Model (1) (2) (3) (4)

DID 0.106*** 0.092** 0.133*** 0.124***

(0.017) (0.018) (0.016) (0.019)

Obs 5,044 593 9,333 1,221

R-squared 0.963 0.961 0.957 0.958

Controls Y Y Y Y

Province FE Y N Y N

Year FE Y Y Y Y

Firm FE Y Y Y Y

Ps: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05.

TABLE 6 Counterfactual test results.

Model Pre 1 Pre 2

Model (1) (2) (3) (4)

DID 0.019 0.002 0.019 0.002

(0.052) (0.051) (0.052) (0.051)

Obs 28,181 4,190 28,181 4,190

R-squared 0.693 0.680 0.693 0.680

Controls Y Y Y Y

Province FE Y N Y N

Year FE Y Y Y Y

Firm FE Y Y Y Y

Ps: Robust standard errors in parentheses.
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DID term coefficients in the random sampling estimation results. It

can be found that most of the sampling estimation coefficients still

have a low pass rate at the 10% confidence level, that is, the

significance of the placebo sampling results fails. It indicates that

the policy effect of the ISDHP does not exist significantly in the

random sampling simulation, that is, the baseline estimate results

pass the placebo test.

4.3.4 Change the dependent variable
Based on the practice of Zhang & Shen (2020), and Yang

(2015), we change the dependent variable for robustness

testing, and re-identified and estimated the benchmark

model (1). This processing method can exclude the

influence of unobservable confounding factors that may be

ignored by the LP method.

The estimation results are shown in Table 7. Columns (1),

(3), and 5) are the analysis results of different dependent

variables using the benchmark model 1) to estimate policy

FIGURE 2
Placebo test. (PS: Figure is the plot of kernel density and p-value distribution of coefficients estimated with random sample 1,000 times based
on the benchmark estimation.)

TABLE 7 Baseline regression with different dependent variables.

Variables tfp_op tfp_xie tfp_liao

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

DID 0.199*** 0.188* 0.182*** 0.169** 0.098*** 0.088

(0.003) (0.097) (0.003) (0.081) (0.003) (0.047)

Obs 28,298 4,211 15,797 2,275 15,686 2,269

R-squared 0.867 0.866 0.945 0.950 0.865 0.868

Controls Y Y Y Y Y Y

Province FE Y N Y N Y N

Year FE Y Y Y Y Y Y

Firm FE Y Y Y Y Y Y

Ps: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 8 DDD estimation result.

Model (1) (2) (3) (4)

Variables tfp_lp tfp_op tfp_xie tfp_liao

DDD 0.026*** 0.115*** 0.036*** 0.004

(0.003) (0.003) (0.004) (0.003)

DID 0.156*** 0.155*** 0.171*** 0.091***

(0.002) (0.002) (0.003) (0.003)

YGA 0.074*** −0.015*** 0.123*** 0.123***

(0.002) (0.002) (0.001) (0.001)

Obs 27,982 28,298 15,797 15,686

R-squared 0.918 0.868 0.946 0.865

Controls Y Y Y Y

Province FE Y Y Y Y

Year FE Y Y Y Y

Firm FE Y Y Y Y

Ps: Robust standard errors in parentheses, ***p < 0.01.
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effects. It finds that the estimated results of the three groups

of dependent variables are all significantly positive at the 1%

confidence level. It shows that the promotion effect of ISDHP

on corporate TFP is still significant under various

measurement methods. The benchmark estimation results

are robust, and hypothesis H1a is verified again.

In addition, we also estimate the sample from Guangdong

Province alone. Columns (2), (4), and 6) are the analysis

results of different dependent variables. The estimated results

are significant when the sample is limited to Guangdong

Province. It supports the theoretical hypothesis H1a again.

4.3.5 Control the confounding effects of the
guangdong-Hong Kong-Macao greater bay area

We construct policy dummy variables for the Guangdong-

Hong Kong-Macao Greater Bay Area and incorporate them into

the benchmark model to control for confounding effects. The

estimated results are shown in Table 8.

tfp lpijt � δ Postt × Treati × YGApq︸����������︷︷����������︸
DDD

+λPostt × Treati︸������︷︷������︸
DID

+γYGApq

+∑
k

ηkXjk(t−1) + Firmi + Provincej + Yeart + εijt

(3)

Columns 1) to 4) in Table 8 are the estimated results of

different dependent variables. The results are all significantly

positive at the 1% level. It shows that after controlling the

confounding effects of the Guangdong-Hong Kong-Macao

Greater Bay Area, the ISDHP still has a positive effect on

corporate TFP. It verifies hypothesis H1a again and verifies the

robustness of the benchmark estimation results.

4.4 Ownership heterogeneity

Ownership is an important factor affecting the innovation

and development of firms in China (Huang & Chen, 2022b).

State-owned enterprises and private enterprises may enjoy

different “treatment” in the face of government policies.

Therefore, we performed estimation analyses of all

fabrications as significant sources of heterogeneity. Drawing

on the practice of Jiang (2022), we apply a DDD estimation

model to investigate ownership heterogeneity. This model can

not only directly show the difference in the policy effect

coefficient, but also can be achieved by testing HSOE: γ1 � γ2.

The test model is as follows:

tfp lpijt � γ1DIDit × SOEit + γ2DIDit × (1 − SOEit) + θSOEit

+∑
k

ρkXjk(t−1) + Firmi + Provincej + yeart + εijt

(4)
The estimated results are shown in Table 9. Columns (1)–4)

are the estimated results of ISDHP policy effects on enterprises of

different ownerships, respectively, with different dependent

variables. The results show that the policy effect coefficients of

state-owned listed companies are all larger than those of private

listed companies. The three HSOE: γ1 � γ2 tests all reject the null

hypothesis. It shows that the state-owned listed companies in the

economic circle get more TFP promotion effect under ISDHP.

The difference between the two coefficients is significant. The

general explanation for this difference in policy effects is that

private enterprises may be subject to “policy discrimination” in

TABLE 9 Ownership heterogeneity estimation results.

Model (1) (2) (3) (4)

Variables tfp_lp tfp_op tfp_xie tfp_liao

DID*SOE 0.280*** 0.254*** 0.212*** 0.095***

(0.018) (0.016) (0.013) (0.024)

DID*(1-SOE) 0.097*** 0.155*** 0.161*** 0.099***

(0.014) (0.013) (0.016) (0.021)

Obs 27,982 28,298 15,797 15,686

R-squared 0.918 0.868 0.945 0.865

Controls Y Y Y Y

Province FE Y Y Y Y

Year FE Y Y Y Y

Firm FE Y Y Y Y

F(HSOE) 35.11 12.31 3.31 0.01

p-value (HSOE) 0.000*** 0.001*** 0.079* 0.931

Ps: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 10 Industry chain linkage mechanism estimation results.

Variables Plv Ply

Model (1) (2) (3) (4)

DID 0.051*** -0.079***

(0.002) (0.004)

DID*SOE 0.115*** -0.126***

(0.025) (0.017)

DID*(1-SOE) 0.044*** -0.041***

(0.005) (0.012)

Obs 29,203 29,203 29,203 29,203

R-squared 0.859 0.859 0.895 0.893

Controls Y Y Y Y

Province FE Y Y Y Y

Year FE Y Y Y Y

Firm FE Y Y Y Y

F(HSOE) 6.05 23.72

p-value (HSOE) 0.020** 0.000***

Ps: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05.
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spatial planning policies. The resource allocation department is

more inclined to prefer policy resources to state-owned listed

companies. It is difficult for private enterprises to enjoy the same

“policy treatment” as state-owned enterprises, which is in line

with China’s actual national conditions.

5 Mechanism analysis

5.1 Industry chain mechanism

5.1.1 Industry chain linkage mechanism
To test whether ISDHP exerts its policy effect by affecting the

linkage of the industrial chain, we use Plv and Ply to test the

mechanism:

Plvijt
{Plyijt}

� βPostt × Treati︸������︷︷������︸
DIDit

+∑
k

ρkXjk(t−1) + Firmi + Provincej

+ Yeart + εijt

(5)
The estimated results are shown in Table 10. Columns 1) and

3) are the estimated results. The results in column 1) show that

ISDHP helps to improve the production length of the forward

linkage of the industrial chain. The estimated coefficient is

significant at the 1% level, indicating that ISDHP significantly

improves the upstream degree of local enterprises in the global

industrial chain. The results in column 3) show that ISDHP helps

to shorten the production length of backward linkages in the

industrial chain. The estimated coefficient is significant at the 1%

level, indicating that ISDHP significantly reduces the

downstream degree of territorial enterprises in the global

industrial chain. On the one hand, it proves that the

industrial chain climbing effect is an important mechanism

for ISDHP on corporate TFP. That is, hypothesis H2a is

proved. On the other hand, the results show that under the

ISDHP, industrial integration has gradually advanced. It will help

the SDHEC to absorb the technology diffusion of developed

countries through import and export trade. This gradually

improves the upstream level of local enterprises participating

in the global industrial chain and leads to independent

innovation. The dependence on the import of intermediate

goods from developed economies is gradually reduced, the

domestic industrial chain is continuously strengthened, and

the downstream degree is significantly reduced.

Secondly, columns 2) and 4) are the estimation results of the

DDD estimation model. We found that the estimated coefficients of

DID*SOE andDID*(1-SOE) were both significant at the 1% level. The

HSOE test showed that there was a significant difference between the

two coefficients. It means that ISDHP can better promote the

upstream status of state-owned listed companies in the global

industrial chain. It can also shorten the downstream status of

local state-owned listed companies in the global industrial chain.

The possible explanation is that under ISDHP, state-owned listed

companies havemore policy support than private listed companies. It

enables state-owned listed companies to have certain policy

advantages over private enterprises in the process of import and

export trade. Thus, the process of absorbing advanced technologies is

earlier, wider, or even faster. Then, state-owned entities can perform

better in the global industrial chain and value chain.

In addition, based on the research of Wang (2017b), we also

decompose Plv into forward link pure domestic production

length Plv_d and international production length Plv_o. We

use these two decomposition quantities to estimate the ISDHP

policy. The estimation model is as follows:

Plv dijt

{Plv oijt}
� βPostt × Treati︸������︷︷������︸

DIDit

+∑
k

ρkXjk(t−1) + Firmi + Provincej

+ Yeart + εijt

(6)
The estimated results are shown in Table 11. Columns 1) and

3) are the estimated results of different dependent variables. The

estimated coefficients are significant at the level of 1 and 5%,

respectively. This indicates that ISDHP has significantly

improved the pure domestic production length Plv_d and the

international production length Plv_o of the forward linkage of

local enterprises. It means that whether the domestic connection

or the international connection, ISDHP has shown a significant

positive promotion effect, which verifies hypothesis H2a again.

Columns 2) and 4) are the results of the ownership

heterogeneity estimation. The results show that the domestic

linkages are mainly driven by private listed companies, while the

TABLE 11 Industry chain linkage mechanism estimation results.

Variables Plv_d Plv_o

Model (1) (2) (3) (4)

DID 0.021*** 0.030**

(0.001) (0.011)

DID*SOE 0.000 0.088**

(0.007) (0.032)

DID*(1-SOE) 0.028*** -0.016

(0.004) (0.018)

Obs 29,203 29,203 29,203 29,203

R-squared 0.861 0.858 0.863 0.859

Controls Y Y Y Y

Province FE Y Y Y Y

Year FE Y Y Y Y

Firm FE Y Y Y Y

F(HSOE) 25.85 14.57

p-value (HSOE) 0.000*** 0.001***

Ps: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05.
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international linkages are mainly driven by state-owned listed

companies. The estimated coefficients are significant at the levels

of 1 and 5%, respectively. Private enterprises are relatively small

in scale compared to state-owned enterprises, and their

competitiveness in participating in international trade is

weaker. Therefore, private enterprises are more inclined to

distribute production activities in the domestic production

network. While state-owned enterprises will choose to embed

some production activities in the international production

division network in international trade.

5.1.2 Industry chain position mechanism
In addition, we also use the position index to further examine

how ISDHP affects the position of the industry chain to the

promotion of corporate TFP. We use POS and POS_APL to

measure the industrial chain position index. Then, we construct

the following model to continue testing the mechanism:

POSijt
POS APLijt

� βPostt × Treati︸������︷︷������︸
DIDit

+∑
k

ρkXjk(t−1) + Firmi + Provincej

+ Yeart + εijt

(7)
Theoretically, the larger the POS and POS_APL values, the

stronger the international competitiveness of the company. The

estimation results are shown in Table 12. Columns 1) and 3) are

the estimation results of POS and POS_APL identified by applying

the above model as dependent variables, respectively. The study

found that ISDHP helps to promote local enterprises to climb to a

higher upstream position in the process of participating in the

international industrial chain. The estimated coefficients are all

significant at the 1% level. On the one hand, it again

demonstrates that the industrial chain climbing effect is an

important mechanism for ISDHP to improve corporate TFP.

That is, hypothesis H2a has been verified again. On the other

hand, the results show that ISDHP helps to obtain advanced

technology diffusion from developed countries. It thereby

improves corporate TFP and promotes enterprises to climb to the

upstream position in the competition of the global industrial chain.

Secondly, columns 2) and 4) are the estimation results of the

DDD estimation. The estimated coefficients of DID*SOE and

DID*(1-SOE) were both significant at the 1% level. The HSOE test

showed that there was a significant difference between the two

coefficients. It shows that ISDHP can better promote the state-

owned listed companies to climb the upstream position of the

global industrial chain. The possible explanation is still that

ISDHP is more conducive to the state-owned listed companies

to climb the global industrial chain. Compared with state-owned

companies, private listed companies have relatively weaker policy

advantages and resource support. Thus, they are weaker than

state-owned listed companies in participating in international

competition. Therefore, the policy promotion effect is not as

good as that of state-owned units, but the policy promotion effect

still exists and is significant.

5.2 Green innovation mechanism

We use GAP, which is the logarithm of the number of green

patent applications of listed companies plus 1, to measure the

TABLE 12 Industry chain position mechanism estimation results.

Variables POS POS_APL

Model (1) (2) (3) (4)

DID 0.058*** 0.023***

(0.001) (0.000)

DID*SOE 0.106*** 0.048***

(0.010) (0.003)

DID*(1-SOE) 0.052*** 0.020***

(0.002) (0.001)

Obs 29,203 29,203 29,203 29,203

R-squared 0.863 0.863 0.873 0.873

Controls Y Y Y Y

Province FE Y Y Y Y

Year FE Y Y Y Y

Firm FE Y Y Y Y

F(HSOE) 20.39 62.40

p-value (HSOE) 0.000*** 0.000***

Ps: Robust standard errors in parentheses, ***p < 0.01.

TABLE 13 Green innovation mechanism estimation results.

Variables GAP GAPR

Model (1) (2) (3) (4)

DID 0.222*** 0.036***

(0.006) (0.001)

DID*SOE -0.027 -0.004

(0.052) (0.053)

DID*(1-SOE) 0.181*** 0.208***

(0.007) (0.006)

Obs 13,686 13,686 13,686 13,687

R-squared 0.238 0.239 0.058 0.228

Controls Y Y Y Y

Province FE Y Y Y Y

Year FE Y Y Y Y

Firm FE Y Y Y Y

F(HSOE) 19.60 18.81

p-value (HSOE) 0.000*** 0.000***

Ps: Robust standard errors in parentheses, ***p < 0.01.
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level of corporate green innovation. In addition, we also use the

ratio of the number of green patent applications of listed

companies to the number of patents applied for in the year,

GAPR, as a proxy variable for green innovation to conduct

robustness tests.

The estimation results are shown in Table 13. Columns 1)

and 3) are the estimation results when GAP and GAPR are the

dependent variables, respectively. The results show that, after

controlling for multidimensional fixed effects, RIP has a positive

effect on corporate green innovation. The estimated coefficient is

significant at the 1% confidence level. The above results for the

first time confirm the significant promotion effect of China’s RIP

on corporate green innovation from the enterprise level. It

confirms the role of green innovation as an intermediary

mechanism in RIP on corporate TFP, which verified

hypothesis H3.

Besides, we further analyzed the ownership heterogeneity of

this mechanism using the DDD method, and the results are

shown in columns 2) and 4) of Table 13. The results show that the

policy effect coefficients of state-owned listed companies are

smaller than those of private listed companies. The HSOE test

rejects the null hypothesis. This shows that the private listed

companies get more green innovation promotion effects under

ISDHP, and the coefficient difference is significant. The

environmental protection integration policy in RIP is a

mandatory regulatory policy. Compared with state-owned

listed companies, private listed companies will face greater

policy constraints. This drives private enterprises to have

greater incentives for green decision-making, which in turn

improves the level of green innovation.

5.3 Innovation mechanism

Innovation synergy or innovation integration is an important

part of ISDHP. We use the total number of patents applied for by

listed companies in the year APT and the total number of patents

granted in the year GPT to measure the level of enterprise

innovation. Then, we construct the following model to verify

the hypothesis H4:

APTijt
GPTijt

� βPostt × Treati︸������︷︷������︸
DIDit

+∑
k

ρkXjk(t−1) + Firmi + Provincej

+ Yeart + εijt

(8)

The estimation results are shown in Table 14. Columns 1)

and 3) are the estimation results of APT and GPT used as

dependent variables to identify the above models. The study

found that ISDHP helps to promote the innovation level of local

enterprises, and the estimated coefficients are all significant at the

1% level. On the one hand, it proves that the innovation effect is

an important mechanism for ISDHP to improve corporate TFP.

That is, it is assumed that H4 is proved. On the other hand, the

results show that ISDHP helps to improve the level of

technological innovation of enterprises in the circle, and then

enhances corporate TFP.

Columns 2) and 4) are the estimation results of the DDD

estimation. The estimated coefficients of DID*SOE and DID*(1-

SOE) in column 2) were both significant at the 1% level. The

estimated coefficients were significantly different through the

HSOE test. That is, the estimated coefficients of DID*SOE were

TABLE 14 Innovation mechanism estimation results.

Variables APT GPT

Model (1) (2) (3) (4)

DID 0.169*** 0.016*

(0.009) (0.008)

DID*SOE 0.302*** -0.124**

(0.061) (0.053)

DID*(1-SOE) 0.165*** 0.010

(0.006) (0.007)

Obs 22,834 22,834 22,489 22,489

R-squared 0.778 0.778 0.793 0.793

Controls Y Y Y Y

Province FE Y Y Y Y

Year FE Y Y Y Y

Firm FE Y Y Y Y

F(HSOE) 5.07 6.14

p-value (HSOE) 0.032** 0.017**

Ps: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05.

TABLE 15 Market competition mechanism estimation results.

Variables HHI LenC

Model (1) (2) (3) (4)

DID −0.046*** −0.008***

(0.001) (0.001)

DID*SOE −0.007 −0.025***

(0.007) (0.003)

DID*(1-SOE) −0.051*** −0.007***

(0.003) (0.001)

Obs 16,268 16,268 16,268 16,268

R-squared 0.954 0.954 0.801 0.801

Controls Y Y Y Y

Province FE Y Y Y Y

Year FE Y Y Y Y

Firm FE Y Y Y Y

F(HSOE) 20.95 23.01

p-value (HSOE) 0.000** 0.000***

Ps: Robust standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.
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significantly greater than that of DID*(1-SOE). It shows that

ISDHP is more conducive to the state-owned listed companies in

the circle. The DID*SOE of column 4) is significantly negative at

the 5% level, but the estimated coefficient of DID*(1-SOE) is not

significant. The HSOE test proves that the two coefficients are

significantly different. It shows that the ISDHP is not conducive

to increasing the number of patents granted by state-owned listed

companies in the circle.

5.4 Market competition mechanism

We use HHI and LI to measure the level of market

competitiveness of enterprises, and then investigate the

mechanism role between ISDHP and corporate TFP. To test

the above mechanism, that is, the hypothesisH5, we construct the

following model:

HHIijt
LenCijt

� βPostt × Treati︸������︷︷������︸
DIDit

+∑
k

ρkXjk(t−1) + Firmi + Provincej

+ Yeart + εijt

(9)
Theoretically, the lower the HHI and LI values of listed

companies, the higher the actual competitiveness level. Thus,

theDID coefficient should be negative. The estimation results are

shown in Table 15. Columns (1) and (3) are the estimation results

of HHI and LI as dependent variables. The DID estimation

coefficients of the two models were both significantly negative

at the 1% level. On the one hand, it demonstrates that market

competitiveness is an important mechanism for ISDHP on

corporate TFP. Hypothesis H5 was verified. On the other

hand, it also shows that ISDHP can promote corporate TFP

by improving the market competitiveness of enterprises.

In addition, columns 2) and 4) are the estimation results of

the DDD estimation. The estimated coefficient of DID*(1-SOE)

of column 2) is significantly negative at the 1% level. The

estimated coefficients of DID*SOE and DID*(1-SOE) in

column 4) are both significantly negative at the 1% level. The

estimated coefficients of the two models DID*SOE and DID*(1-

SOE) are significantly different through theHSOE test. That is, the

estimated coefficient of DID*SOE is significantly larger than that

of DID*(1-SOE). It shows that ISDHP is more conducive to the

state-owned enterprises to gain more market competitiveness. It

is also in line with China’s actual national conditions.

6 Conclusion and recommendations

Based on the quasi-natural experiment of ISDHP in China, this

research is the first paper to examine the impact of RIP on corporate

TFP from the perspective of the industrial chain. Our research

provides new perspectives and new ideas for the research on the

influencing factors of corporate TFP, RIP, and industrial chain

linkage in emerging economies. Based on an empirical study by

applying a multi-dimensional fixed-effects DID model, we found

that: Firstly, ISDHP has a positive impact on corporate TFP.

Moreover, the policy effect shows a more significant TFP

improvement effect in the state-owned enterprise group. It is

consistent with the conclusions of the existing literature (Li et al.,

2022). Secondly, the level of the industrial chain linkage is an

important mechanism for RIP to improve corporate TFP. It is

mainly achieved by improving the upstream degree of local

enterprises embedded in the global industrial chain. However,

existing research lacks to explore the micro-policy effects of

regional integration from this perspective. Further research finds

that the RIP can also improve the corporate TFP by enhancing the

level of corporate green innovation, innovation, and market

competitiveness. Corporate ownership has a significant

heterogeneity moderating effect on different mechanisms. The

TFP of state-owned listed companies is significantly more

positively affected by policy effects than private enterprises.

Overall, China’s ISDHP has achieved its goal of improving

corporate TFP. The above research provides ideas for subsequent

scholars to introduce micro-effect evaluation similar to RIP in other

emerging economies.

Although from the perspective of the industrial chain, this

paper provides an econometric empirical analysis from SDHEC

in China for the TFP improvement effect of ISDHP, however, it is

subject to several limitations:① Although this study investigates

the policy effects of RIP on corporate TFP in SDHEC. However,

due to the limitations of the sample of listed companies, it is

difficult to reflect the more general effect of RIP truly and

comprehensively. There will be some sample bias. ②This

study attempts to explore the policy effect mechanism from

the perspective of the industrial chain. However, due to the

close economic ties between the cities of SDHEC, our research

inevitably ignores the spatial correlation of policy effects. Future

research can consider the following ideas for improvement: ①

Match the Chinese industrial enterprise database data with the

customs database data and try to re-examine policy effects using

microdata. It can improve the confidence of the analysis and

reduce possible sample bias. ② The MRIO data can be used to

construct the spatial weight matrix, and then to perform spatial

DID analysis on the micro data. It will identify the spatial effects

of policy and increase the credibility of the research.

In conclusion, our findings support the positive impact of

China’s ISDHP on industrial chain climbing, corporate

innovation, market competition, and corporate TFP. Therefore, it

is necessary to increase the policy design of these key mechanism

factors. ①According to the requirements of industry chain supply

chain segmentation, strengthen more specialized personnel training.

Cultivate cross-field, cross-industry, and interdisciplinary human

capital, and give play to the role of compound talents as the

“glue” between the industrial chain and supply chain. Build a

modern financial service system that adapts to the modernization
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of the industrial chain and supply chain. ②Cultivate a group of

technologically advanced “little giant” enterprises with a leading role.

Give full play to its main role in key technological breakthroughs and

innovation. Play its leading role in creating new markets. ③ By

establishing a negative list for the integration of economic circles.

Clarify the boundaries of the role of the market and the government

in the practice of regional integration. Build a more free market

competition environment to reduce the distortion of factor allocation

between regions, within and between industry chains by

administrative intervention. Give full play to the decisive role of

the market in the allocation of factors.

However, our research results show that the existing ISDHP has

certain problems. The policy effect of RIP appears ownership

discrimination, showing a significant “state-owned tilt” feature.

Therefore, it is necessary to establish and improve the

information disclosure and supervision system for non-listed

companies based on the existing information disclosure system of

listed companies in the future ISDHP practice. Besides, taking

measures such as introducing NGO supervision, reducing the

probability of local government ownership discrimination, and

achieving a balanced development of “state-owned” and “private”.
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