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Impact of China’s free trade zones on the
innovation performance of firms: evidence
from a quasi-natural experiment
Xin Su1 & Shengwen Wang1✉

To analyse the impact of the free trade zone (FTZ) policy on firms’ innovation performance,

this study conducted a quasi-natural experiment involving FTZ promotion, matched infor-

mation on the establishment of China’s FTZs with patent data for listed companies from 2012

to 2020, and applied identification, estimation and inference processes to identify the effects

of FTZs using a time-varying difference-in-differences model. The validity of the findings was

confirmed using the parallel trend test, the placebo test and a high-dimensional fixed effects

estimation, and the mediating roles of financing constraints and industrial agglomeration on

firms’ innovation performance were analysed. To address the endogeneity issue and elim-

inate regression bias resulting from non-random selection, an instrumental variable regres-

sion and propensity score matching were employed. In addition, the policy effects were

further explored by analysing the moderating effects of contextual factors and firm hetero-

geneity. The results showed that the FTZ policy has considerably enhanced the innovation

performance of enterprises in the pilot areas, increasing the innovation level of enterprises by

alleviating financing constraints and enhancing industrial agglomeration. The level of eco-

nomic development and the degree of government involvement have also influenced the

effect of the FTZ policy on enterprises’ innovation performance. Firm heterogeneity, including

factors such as size, ownership, industry affiliation and location, influences the policy effects.

In an effort to accelerate the implementation of the policy, an in-depth analysis of the

underlying mechanism of the FTZ policy and its effects on enterprise innovation performance

was provided, thereby providing a realistic basis for the expansion of the FTZ policy.
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Introduction

W ith the ongoing deepening of global economic inte-
gration, free trade is of considerable importance in
reducing unemployment rates, expanding markets and

business opportunities and fostering international cooperation
and stability (Sun and Cao, 2021). It offers opportunities for
greater economic prosperity and accelerates the realisation of the
United Nations’ Sustainable Development Goals (SDGs) (Leite,
2019b). However, free trade also poses numerous challenges. Due
to the varying positions of countries in the global value chain and
their roles in the international division of industries, there is an
imbalance in the industrial structure and distribution of benefits
(Leite, 2019a). Therefore, to ensure the self-interests of trading
parties and the fairness and inclusiveness of free trade, free trade
zones (FTZs) have emerged (Yue, 2022).

In simple terms, a FTZ is a trade agreement voluntarily
established by a group of countries or regions. Its purpose is to
promote trade liberalisation between the countries through
mutual reductions in trade barriers and eliminating or reducing
tariffs and non-tariff barriers (Qin et al., 2022). Members of the
FTZ enjoy favourable trade conditions and low transaction
costs within the region, facilitating convenient exchange and
flow of goods and services. FTZs facilitate the deepening of
economic cooperation through mechanisms such as policy
coordination and investment collaboration (Hao, 2023). Hence,
FTZs have a substantial impact on improving the business
environment, enhancing resource allocation efficiency and
boosting consumer welfare. The establishment of FTZs can take
different forms, including customs unions, tariff quota systems
and common markets (Barros and Martínez-Zarzoso, 2022).
Globally renowned FTZs include the European Free Trade
Association (EFTA), the North American Free Trade Agree-
ment (NAFTA) and the free trade area established among the
member countries of the Association of Southeast Asian
Nations (ASEAN), known as the ASEAN Free Trade Area
(AFTA). EFTA is composed of seven European countries,
including the United Kingdom, Norway and Switzerland.
Member countries have eliminated tariffs among themselves
and maintain an open trade policy in the field of trade. NAFTA
consists of the United States, Canada and Mexico and aims to
foster economic integration in the North American region.
AFTA aims to expand the market size in Southeast Asia and
promote trade prosperity in the Asia–Pacific region (Tritto and
Camba, 2023).

Currently, Chinese society is undergoing an important period
of economic transformation. Numerous factors such as inade-
quate resource endowment and financing constraints have led to
the slow development of some enterprises and there is an urgent
need to improve enterprises’ level of innovation (Tsang, 2023).
China hopes to further expand its level of openness to the outside
world through the Belt and Road concept, promote industrial
structure upgrading and enterprise technological innovation and
ultimately achieve the SDGs (Su and Li, 2023). The Chinese
government has formulated an FTZ policy and established FTZ
pilot areas as a key initiative in its push to establish a high-quality,
open system aimed at addressing the problems of restricted access
to finance and weak innovation capabilities. Research suggests
that FTZs can reduce transaction costs and thus increase cor-
porate investment in research and development (R&D). However,
some scholars suggest that the establishment of FTZs will mean
that Chinese companies are directly involved in global competi-
tion, which increases the pressure on the growth of such enter-
prises (Camba, 2022). Therefore, the effect of the FTZ policy on
the innovation performance of enterprises should be clarified in
an effort to enhance the high-quality development of Chinese
enterprises.

To accurately explore the effects of establishing FTZs on firms’
innovation performance, we conducted a quasi-natural experi-
ment that involved establishing groups of Chinese FTZs as an
entry point. We matched patent data for Chinese listed compa-
nies for the period from 2012 to 2020 with related data on the
pilot FTZs and estimated the effect of FTZs on firms’ innovation
performance using a time-varying difference-in-differences (DID)
model. The findings of this study provide a novel way of thinking
about the construction of FTZs and the high-quality innovation
of firms. The academic contributions of the study are as follows.

(1) In this study, we construct an analytical framework based
on dynamic capability theory and competitive advantage theory
and explore the strategic impact of FTZs on enterprise innova-
tion, providing empirical evidence that supports the imple-
mentation and promotion of the FTZ policy. (2) Using a time-
varying DID model, we conduct a robustness test of our baseline
results regarding the effect of FTZs on the innovation perfor-
mance of listed companies, thereby increasing our knowledge of
policy and corporate innovation. (3) We analyse the mechanism
by which the FTZ policy influences the innovation performance
of enterprises, including the mediating roles of financing con-
straints and industrial agglomeration, and provide a reliable basis
for enterprises to enhance their research capabilities. (4) We
address endogeneity, and utilise instrumental variables (IVs) and
propensity score matching (PSM) to mitigate bias arising from
non-random selection. In addition, we analyse moderating effects
and firm heterogeneity.

Background review
In 2008, in the aftermath of the global economic crisis, China
faced several problems, including strong downward pressure on
the economy and difficulties in transforming traditional indus-
tries. Thus, the Chinese government implemented the strategic
plan of establishing FTZs with the aim of expanding the scale of
foreign trade and promoting the upgrading and development of
the regional economy and business entities (Wang et al., 2022b).
Since the establishment of China’s first FTZ in Shanghai in 2013,
the Chinese State Council has approved 21 FTZs in six phases. As
shown in Fig. 1, in addition to Shanghai, the FTZs are Guang-
dong, Tianjin and Fujian in 2015; Liaoning, Zhejiang, Henan,
Hubei, Chongqing, Sichuan and Shaanxi in 2017; Hainan in 2018;
Shandong, Jiangsu, Guangxi, Hebei, Yunnan and Heilongjiang in
2019; and Beijing, Hunan and Anhui in 2020. China’s provincial-
level administrative divisions are divided into ‘provinces, muni-
cipalities directly under the central government (municipalities)
and autonomous regions’, which are equivalent to the states in the
United States. Among the 21 pilot FTZs, Beijing, Tianjin,
Shanghai and Chongqing are municipalities, whereas the others
are provinces.

Over the past decade, the Chinese government has imple-
mented continuous reforms and innovations using FTZs, repli-
cated over 3400 reform measures nationwide and accomplished
remarkable achievements (Chen et al., 2022). These achievements
include the liberalisation and facilitation of investment and trade,
providing financial services to the real economy, and exploring
innovative management models. China’s FTZs are distributed
across various provinces, and each have their own characteristics
in terms of strategic positioning, functional setting, development
planning and other aspects. Table 1 provides details on the
locations and features of some FTZs. These FTZs cover over 90%
of the areas where Chinese enterprises are located and they
coordinate the new pattern of reform and opening up in coastal,
inland and border areas. China has established a well-developed
policy framework for FTZs and the dividends of its institutional
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innovation continue to benefit the world, making substantial
contributions to promoting an open global economy.

FTZ policy has facilitated cooperation between Chinese
enterprises and the global economy, and other countries have
begun to attach importance to opportunities for cooperation with
China. Foreign companies hope to transform policy dividends
into development opportunities, thereby deepening exchanges
with Chinese enterprises and collaborating in the field of tech-
nological innovation (Chen et al., 2021). Hence, this raises the
question that we will primarily investigate in this study, namely:
how should the policy advantages of FTZs be leveraged to
enhance the innovation performance of enterprises? A review of
the literature indicates three key advantages of the FTZ policy, as
it: (i) expands trade between areas and attracts more foreign
enterprises, thereby enhancing market competition; (ii) achieves
concentrations of capital and technology in a short period of time,
providing a quality business environment for high-tech enter-
prises; and (iii) possesses policy flexibility and space for innova-
tive mechanisms, expediting the marketisation process in
pilot areas.

Nevertheless, some deficiencies and gaps remain in the litera-
ture. (1) First, the enterprises, as the main source of national
technological innovation, are important for regional R&D capa-
city enhancement and high-quality economic development.
However, studies largely focus on the promotion and macro
impact of FTZs, with few examining the role of FTZs in driving
firms’ technological innovation. Therefore, whether FTZs can
enhance the scale and quality of R&D outcomes through enter-
prise innovation needs to be explored. (2) Second, because Chi-
na’s FTZs have been established in phases or lots over time and
the benefits reaped by various firms have occurred at different
points in time, directly measuring the effect of the FTZ policy on
firm innovation is difficult. Therefore, assessing the effects over

time, while controlling for firm-year fixed effects, is important in
an effort to enhance the credibility of our findings. (3) Third, the
FTZs improve the business environment in the pilot areas by
promoting institutional innovation, thereby creating a synergistic
effect among industries and innovation spillover effects among
enterprises. However, this process may be constrained by various
mediators, such as industrial agglomeration and financing con-
straints. Therefore, clarifying the mediation mechanism by which
the construction of FTZs affects firms’ innovation performance is
important. (4) Finally, we acknowledge that external factors,
including the economic development level and government sub-
sidies of FTZ areas, as well as firm features, such as size, own-
ership and location, may influence the impact of FTZ policy on
firm innovation. However, studies have not thoroughly addressed
these aspects. Thus, there is a need to broaden the research scope
and specifically investigate both moderating effects and
heterogeneity.

On the basis of the above analysis and in response to the
shortcomings in the literature, we explore the following four
aspects of the effect of FTZs on enterprise innovation.

● First, to address the question of whether FTZs can enhance
the enterprises’ innovation performance, we measure the
scale and quality of innovation performance using the total
number of patent applications and the number of
invention patent applications, respectively, of Chinese
listed companies. Then, we estimate whether the FTZ
policy has expanded the scale of their technological
innovation and enhanced the quality of the enterprises’
innovation.

● Second, to address issues with study designs and metho-
dological choices in the literature, we utilise a quasi-natural
experiment to measure the effects of FTZs on enterprise

Fig. 1 The establishment time of China’s FTZs. Source: Image data is based on China’s FTZ policy and the National Geomatics Centre of China.
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innovation by means of a time-varying DID model, thereby
avoiding interference from external factors.

● Third, to examine mediation mechanisms, we analyse how
financing constraints and industrial agglomeration indir-
ectly affect the impact of FTZs on enterprise innovation
performance from the theoretical perspectives of dynamic
capabilities and competitive advantages.

● Fourth, to mitigate the endogeneity issue arising from the
non-randomness of policy, we utilise the IV method and a
PSM regression. In addition, we thoroughly investigate the
causal relationship, considering the development levels and
firm heterogeneity of the FTZ areas.

The remainder of this paper is organised as follows. Section
“Theoretical analysis and research hypothesis” presents our the-
oretical analysis and research hypotheses regarding the effect of
the FTZ policy on firms’ innovation performance. Section “Data
and methodology” presents the data and methodology, including
the data sources, the time-varying DID model and descriptive
statistics. Section “Empirical results” presents the empirical
results of the baseline regressions and robustness tests using
various approaches, including parallel trend and placebo tests.
Section “Mediation mechanism” presents our estimation of the
mediating effects of financing constraints and industrial
agglomeration, and analyses the mechanism underlying the
impact of FTZs on firms’ innovation performance. Section
“Endogeneity issues” addresses the endogeneity problem using IV

and PSM. Section “Further study” further studies potential
moderating effects and firm heterogeneity. Section “Conclusions”
presents our findings and implications. Figure 2 shows the ana-
lytical framework for our study.

Theoretical analysis and research hypothesis
Theoretical analysis. The innovation capability, as an important
element of a company’s overall dynamic capabilities, is the key to
generating new driving forces by integrating and using effective
resources (Forliano et al., 2022). Evidence shows that firms with
greater innovation capabilities possess a substantial competitive
advantage in the market. The establishment of an FTZ quickly
increases the number of firms in the pilot area, with the fierce
competitive environment forcing firms to continuously engage in
innovative behaviours. The theory of dynamic capabilities states
that the ability to innovate is an important factor in determining a
company’s growth prospects (Cenamor, 2021). The two forms of
corporate innovation are explorative innovation, or the ‘techno-
logical revolution’, and exploitative innovation, or ‘knowledge
spillover’. In a knowledge-based economy, intellectual property
rights, represented by patents, which are highly valuable intan-
gible assets, are a direct reflection of an enterprise’s innovation
capabilities (Dong et al., 2020). Innovation is a long-term process
fraught with uncertainty that cannot be effectively pursued
without the support of national strategies. Sound policies and
institutions can deliver ‘innovation incentives’ to firms, thereby

Table 1 Locations and features of some FTZs in China.

Some FTZs Economic belt/circle Functions and features

Shanghai FTZ (2013) Yangtze River Delta Economic Belt Shanghai’s financial and trade institutions have the flexibility to conduct business
innovation experiments, such as interest rate marketisation reform and CNY cross-
border transactions. Moreover, Shanghai has implemented simplified trade
supervision and customs clearance procedures, introducing innovative models
such as cross-border e-commerce and bonded exhibition trading to facilitate trade
in the service sector. In particular, Tesla built a super factory in Shanghai, which
provides sophisticated electric vehicle technology and accelerates the R&D
innovation.

Guangdong FTZ
(2015)

Guangdong-Hong Kong-Macao Greater
Bay Area Economic Belt

Guangdong is committed to aligning with international economic and trade
standards, attracting international capital and enterprises for investment. It actively
promotes financial technology and innovative models to address the financing
difficulties of businesses, and facilitate the coordinated development of Hong Kong,
Macau and the Pearl River Delta.

Tianjin FTZ (2015) Bohai Economic Circle Tianjin FTZ emphasises innovation in the service industry, facilitating personnel
and technological exchanges for enterprises in the Bohai Bay area and driving the
development of the Bohai Economic Circle. Trade activities, such as parallel import
vehicles, have become important industries in the Tianjin FTZ.

Fujian FTZ (2015) Maritime Silk Road Economic Belt As the starting point of the ‘Maritime Silk Road’, Fujian focuses on cross-border e-
commerce, fostering technological cooperation with countries along the ‘Belt and
Road’. Moreover, with its focus on the Taiwan Strait, it promotes exchanges and
learning between mainland China and Taiwan in the fields of technology,
commerce and culture.

Chongqing FTZ (2017) Chuan-Yu Economic Circle Chongqing, a major city in the upper reaches of the Yangtze River, has expanded
China’s foreign economic cooperation in the inland region by leveraging its
geographical advantage. Chongqing has supported the development of service
trade, particularly in the finance, automotive and shipping sectors, driving the
industrial transformation of the inland region.

Hainan FTZ (2018) Beibu Gulf Economic Belt With its reliance on the vast domestic market, abundant natural resources,
favourable tax policies and investment advantages, Hainan has emerged as a
crucial platform for dialogue between mainland China, ASEAN and the rest of the
world. Its geographical location and business-friendly environment have attracted a
large number of foreign businesses to Hainan, presenting valuable development
opportunities for the Beibu Gulf Economic Belt.

Shandong FTZ (2019) Yellow River Basin Economic Belt Shandong, adjacent to South Korea and Japan, leverages its industrial categories
and foreign investment system to attract Japanese and Korean high-tech
companies to investment and establish factories. It fully utilises its geographical
advantage to build a vibrant growth centre in Northeast Asia.
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providing strong help for their R&D innovation. Thus, in this
study, we propose and test three hypotheses regarding the effect
of the FTZ policy on firms’ innovation.

Direct effects. Direct Effects of the FTZ Policy on Firms’ Inno-
vation Performance. China’s FTZ policy has enabled foreign
companies to enter the Chinese capital and product markets and
increased the intensity of competition within various industries.
To protect and expand their market share, local enterprises must
continually increase their investment in technological R&D to
maintain their competitiveness (Akbari et al., 2019). Local gov-
ernments provide financial support for technological R&D
through tax breaks and financial subsidies to promote the con-
struction of FTZs, thereby encouraging increased research and
rapid improvement in innovation performance. In addition, as a
testing ground for institutional innovation, an FTZ generates
institutional dividends that not only have a profound impact on
the pilot areas but also expand the level of openness and financing
of the neighbouring regions, thereby fully stimulating the market
dynamics of the areas surrounding the FTZ (Jiang et al., 2021).
Therefore, a positive process of ‘FTZ establishment → external
capital injection → industrial structure refinement → improve-
ment of enterprise innovation performance’ is generated. It can
be deduced from this mechanism that the FTZ policy influences
the innovation performance and research outputs of enterprises.
However, whether the FTZ policy can improve the quality of
innovation performance based on expanding the scale of enter-
prises’ innovation performance is debatable. Thus, we propose the
following hypothesis:

H1: Listed companies located in FTZs display considerably
better innovation performance in terms of scale and quality than
listed companies located outside FTZs.

Mediating roles. An important question that we explore in this
study is how the FTZ policy affects enterprises’ innovation per-
formance through the mediating effects of financing constraints
and industrial agglomeration. We conduct a detailed analysis of
these two mediating effects. The theoretical model is shown in
Fig. 3.

Mediating roles of financing constraints. Financing constraints are
one of the main factors that affect the innovation performance of
enterprises (Yu et al., 2021). An FTZ can alleviate the financing
constraints of enterprises through both capital and spillover
effects, thereby laying the foundation for technological innova-
tion. First, the institutional dividend offered by the FTZ can
provide continuous financial support for enterprise innovation.
The capital effect reduces the financing constraints on enterprises,
and the open financial system makes the internal financing
mechanism of the FTZ more effective. The broadening of
financing channels has enabled enterprises to overcome the
problem of insufficient R&D funding, especially for start-ups, and
thus increased investment in technological innovation. Further-
more, the establishment of an FTZ organically combines new
financing channels with traditional sources of capital, which
reduces the financing constraints on enterprises. The resulting
spillover effect breaks down the liquidity barriers of traditional
capital, turning the FTZ into a more open gathering place for
capital. The abundant external capital provides an economic basis
for enterprises to innovate and conduct R&D, and simultaneously
reducing financing constraints and technology costs, providing
favourable conditions for enterprises to continuously enhance
their innovation performance (Arora et al., 2021). Thus, we
propose the following hypothesis:

H2: The FTZ policy alleviates the financing constraints on
enterprises in the pilot FTZ areas, which in turn improves the
scale and quality of their innovation performance.

Mediating roles of industrial agglomeration. Industrial agglom-
eration is an equally important factor influencing enterprise
innovation (Liu and Zhang, 2021). The construction of an FTZ
can enhance industrial agglomeration in the area through two
effects, the synergistic effect and the peer effect, thereby
improving enterprise innovation. FTZs attract a large number of
enterprises from outside the pilot areas, increasing the complexity
of the industrial structure in these areas. The resulting synergistic
effect makes the division of labour between enterprises more
logical, and shifts the industrial structure from traditional
industries to medium- and high-tech industries (Li et al., 2021).
Furthermore, increased industrial agglomeration within an FTZ
not only increases the opportunities for enterprises to exchange

Fig. 2 Analytical framework of this study. This flowchart depicts the study’s empirical analysis framework.
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ideas and learn from each other but also promotes the efficient
flow of information and other resources. The synergies obtained
can accelerate changes in supply and demand within traditional
industries, thereby stimulating the learning efficiency and inno-
vation ability of enterprises. Meanwhile, in terms of the peer
effect, the high-quality business environment and low trade
barriers in the FTZ will inevitably attract new enterprises, which
will continue to engage in technological innovation in an effort to
improve production efficiency and maximise revenue. Thus, we
propose the following hypothesis:

H3: The FTZ policy enhances industrial agglomeration in the
pilot areas, which in turn improves the scale and quality of
innovation performance.

Data and methodology
Data sources. In 2013, the Chinese government implemented the
General Scheme of the Pilot Free Trade Zones, with Shanghai
Pudong as the first pilot area, thereby commencing the pilot FTZ
reform. To date, China has approved the establishment of 21 pilot
FTZs (Lin et al., 2023). For this study, we collect and compile
valid patent data for listed companies from the China National
Intellectual Property Administration and China Stock Market &
Accounting Research Database (CSMAR). In addition, company
financial data are obtained from the CSMAR and WIND data-
bases, and data on cities and provinces are obtained from the
China Statistical Yearbook series. Next, we match the data of the
listed companies (including patents, finance and other data) with
related data on the pilot FTZs, according to the ‘city-province’ of
companies’ official registration location. The data cover the per-
iod from 2012 to 2020, and we successfully merge a total of
17,667 data entries.

To ensure the validity of our sample, we screen the data and
exclude: (i) listed financial companies such as banks and
securities and insurance companies; (ii) listed companies in the
ST (Special treatment) and *ST categories. (In the Chinese stock
market, when the financial conditions of a listed company
become abnormal or it violates listing regulations, its stock is
labelled ‘ST’; if a company receives the ‘ST’ designation for 3
consecutive years, it is upgraded to ‘*ST’, indicating higher
trading risks for the listed company); (iii) outliers in relation to
key variables; and (iv) data with missing key variables. To
improve the representativeness of the sample, we filtered out
6,862 data records, ensuring the reliability of the regression
results. Ultimately, this yields 10,805 valid firm-year observations
for listed companies spanning the period from 2012 to 2020.
Moreover, to eliminate the effect of outliers, we conduct a two-
sided 1% tail reduction on the main continuous variables, which

are winsorised at the 1st and 99th percentiles. To address
potential cross-sectional issues and increase robustness, we utilise
cluster-robust standard errors with clustering adjustments based
on ‘provinces’ and ‘industries’ in all regressions. We use the Stata
V17.0 software package to conduct the regression analyses.

Model construction. The rapid introduction of the FTZ policy
has resulted in strong external policy impacts on the pilot areas
and firms. As the FTZs were rolled out incrementally over a
number of years, this enables us to analyse how FTZs affect firms’
innovation performance using a time-varying DID model. Fol-
lowing the literature (Callaway and Sant’Anna, 2021), we con-
struct the two-way fixed effects model to estimate the impact of
FTZs on firms’ innovation performance:

Innovationijþ1 ¼ β0 þ β1FTZij þ λControlij
þCid þ Year þ Ind þ Prov þ εij

ð1Þ

Variable definitions. The dependent variable Innovation repre-
sents the innovation performance of the firm (Ponta et al., 2021).
In the literature, variables used to measure the innovation per-
formance of companies include: intellectual property indicators,
such as the scale and quality of patents (Zhang and Shan, 2023);
R&D input indicators, such as R&D costs, R&D expenditure ratio
and total factor productivity (TFP) (König et al., 2022); and
organisational innovation indicators, such as executives’ educa-
tional background, and innovation management mechanisms.
This study employs the most widely used intellectual property
indicator, patent data, as a proxy variable for measuring the
innovation performance of companies. China’s patent law divides
patents into inventions, utility models and designs. Of these,
invention patents are the most innovative and have the greatest
impact on business development, whereas utility models are less
innovative, and designs are the least innovative form of patents.

The patent application process is lengthy, with the duration
from application to patent grant typically ranging from 12 to
18 months. Patents granted to companies in a particular year are
potentially the result of R&D work from one year earlier. Hence,
utilising the number of patent applications as a metric for
measuring a company’s innovative performance is a more
scientific approach than using patents granted. We use the total
number of patent applications as a proxy for the scale of
corporate innovation (Patent) and the number of invention
patent applications as a proxy for the quality of corporate
innovations (Invent) and perform separate baseline regression
analyses. Because there is a thick tail in the distribution of the

Fig. 3 Theoretical model of the mediating effects. This theoretical model illustrates the mediating effects of financing constraints and industrial
agglomeration.
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number of patents, we use the logarithm of the total number of
patent applications plus 1 and the logarithm of the number of
invention patent applications plus 1 to measure the scale and
quality, respectively, of a company’s innovation performance.
Moreover, based on the previous analysis, the R&D process prior
to patent applications requires a considerable amount of time.
This indicates a certain degree of delay between patent
applications and actual innovative development (Li, 2023). Thus,
to prevent potential reverse causality and mitigate any endo-
geneity issues, we use the number of patent applications lagged by
one term as the dependent variable (Yuan et al., 2023). To check
the validity of the results, we conduct robustness tests using
enterprises’ R&D expenditure ratio and TFP as proxies for
innovation performance.

The independent variable FTZ represents the cross-
multiplication term between two dummy variables, reflecting
the fact that the enterprise is located in an FTZ and the time of
establishment of the FTZ. If the listed company is located in an
FTZ, the variable takes a value of 1 in the year when the FTZ was
implemented and all subsequent years, otherwise it takes a value
of 0. If the area in which the listed company is located has never
implemented an FTZ, FTZ takes a value of 0 in all cases. For
example, Xiamen in Fujian Province established an FTZ in 2015
and thus the FTZ value for listed companies located in the Fujian

FTZ is 1 in 2015 and beyond, and 0 before 2015; Nanchang in
Jiangxi Province has not established an FTZ, and thus the FTZ
value of listed companies located in the Jiangxi Province is 0 in
all years.

Control variables include firm and area-specific variables that
can affect corporate innovation, including the firm’s return on
assets (ROA), total asset growth (Growth), proportion of tangible
assets (Tangible), debt to asset ratio (Leverage) and cash flow
(Cashflow), as well as the per capita disposable income (Perwage),
local fiscal revenue (Revenue), foreign direct investment (FDI)
and telecom development index (Telecom). The details of the
variables are presented in Table 2. In addition, β0 is a constant
term, β1 is used to estimate the rate of increase in firm innovation
performance in the experimental group compared with the
control group, with the sign expected to be positive; subscripts i
and j denote individual and time. The model includes dummy
variables for company (Cid), year (Year), industry (Ind) and
province (Prov) to mitigate the fixed effects generated by these
factors. Finally, εij represents the random disturbance term to
control for bias as a result of unobserved factors.

Descriptive statistics. Descriptive statistics are obtained for the
main variables and control variables (see Table 3). The difference

Table 2 Variable definitions.

Variable symbol Variable name Variable definition

Dependent variable Patent Scale of innovation
performance

The natural logarithm of the total number of patent applications by
enterprises plus 1.

Invent Quality of innovation
performance

The natural logarithm of the number of invention patent applications by
enterprises plus 1.

Independent variable FTZ FTZ policy Implementation of the FTZ policy in the provinces or municipalities
takes a value of 1, otherwise it takes a value of 0.

Company control
variables

ROA Profitability Net profit on total assets
Growth Corporate growth Growth of the company’s assets
Tangible Asset structure Fixed assets as a percentage of total assets
Leverage Debt to asset ratio Total liabilities as a percentage of total assets
Cashflow Cash flow level Level of free cash flow after adjustment for total assets at the beginning

of the period
Area control variables Perwage Disposable income per capita Logarithm of the total discretionary income available to residents

Revenue Local fiscal revenue Natural logarithm of the city’s annual fiscal revenue
FDI Foreign direct investment Natural logarithm of total foreign direct investment for the year
Telecom Internet development level Natural logarithm of the number of Internet subscribers

Fixed effect Cid Company FE Company dummy variable
Year Year FE Year dummy variable
Ind Industry FE Industry dummy variable
Prov Provincial FE Province dummy variable

Table 3 Descriptive statistics.

Variables N Mean Std Min P25 P50 P75 Max

Patent 10805 2.1165 0.8054 0.0000 1.5767 2.1091 2.6510 5.8347
Invent 10805 0.9027 0.6314 0.0000 0.4225 0.8856 1.3330 3.4501
FTZ 10805 0.1717 0.3771 0.0000 0.0000 0.0000 0.0000 1.0000
ROA 10805 0.0761 0.1053 −0.4775 0.0360 0.0776 0.1243 0.3413
Growth 10805 0.1707 0.3407 −0.4414 0.0000 0.1044 0.2694 1.9546
Tangible 10805 0.1989 0.1353 0.0051 0.0951 0.1732 0.2773 0.6096
Leverage 10805 0.3756 0.2002 0.0426 0.2136 0.3558 0.5211 0.8665
Cashflow 10805 1.2276 2.2023 0.0275 0.2221 0.4742 1.1523 14.2398
Perwage 10805 11.1619 0.3496 10.1575 10.9177 11.1712 11.4049 11.9173
Revenue 10805 14.3131 1.0261 9.8436 13.5489 14.1520 15.0094 16.1181
FDI 10805 12.3498 1.6796 2.7726 11.3853 12.8022 13.5146 14.9413
Telecom 10805 14.0308 1.1758 8.4986 13.2304 13.9838 15.0416 16.4520

Table 3 presents the descriptive statistics for the main regression variables. All variables are winsorised at the 1st and 99th percentiles.
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between the maximum and minimum values of the number of
patents used to measure a company’s innovation performance is
significant, indicating a relatively wide range among companies in
terms of their innovation levels. In particular, the mean value of
invention patents is greater than the median, with a right-skewed
distribution, indicating that only a few companies are achieving
high-quality inventions. Most companies only lodge utility model
and design patents, and thus the overall quality of innovation is
not high. In addition, the mean value of FTZ is 0.1717, indicating
that companies located within FTZs account for 17.17% of the
total sample.

Empirical results
Baseline regression. The results of the baseline regressions of the
effects of the FTZ policy on enterprises’ innovation performance
are shown in Table 4. The results in columns (1) and (4) use the
total number of patent applications (Patent) and the number of
invention patent applications (Invent), respectively, as proxies for
enterprise innovation performance and demonstrate positive and
significant correlations at the 1% level. Columns (2), (3), (5) and
(6) show the regression results after adding the company and area
control variables. The baseline regression coefficient change
slightly, but remain significant at the 1% level. Furthermore, the
results show that the total number of patent applications and the
number of invention patent applications of enterprises within the
FTZ increase by 9.2% and 12.2%, respectively, compared with
enterprises outside the FTZ. The coefficient of the number of
invention patent applications is significantly higher than that of
the total number of patent applications, indicating that the FTZ
policy not only enhances the scale of the firms’ innovation per-
formance but also has a positive impact on the quality of the
innovation performance, providing support for H1. In addition,

Table 4 shows that local fiscal revenue and FDI provide financial
support for companies, thereby improving their technological
level and innovation performance.

Robustness tests. To check the robustness of the time-varying
DID model and the baseline regression results, we conduct the
following tests.

Parallel trend test. The most important check of a time-varying
DID model is the parallel trend test to determine whether there
were parallel trends between the treatment group and the control
group before the implementation of the FTZ policy. The results of
parallel trends test are crucial for validating the adequacy of the
time-varying DID model and assessing the effectiveness of causal
inference. We base our parallel trend test is based on existing
literature (Chan and Kwok, 2022). The results are shown in Fig. 4,
with the horizontal axis indicating the years before and after the
implementation of the policy and the vertical axis indicating the
change in firms’ innovation performance of the experimental and
control groups. Figure 4a, b shows the dynamic parallel trend of
the FTZ policy on the total number of patent applications and the
number of invention patent applications, respectively. Before the
implementation of the FTZ policy, the confidence interval fluc-
tuates around 0 and the coefficient is insignificant. This indicates
that the treatment group and the control group had parallel
trends before the intervention, meaning that there were no sys-
tematic differences among the areas before the introduction of the
FTZ policy. After the establishment of the FTZ, there is at least
one period where the confidence interval of the coefficient lies
above 0. This indicates that the policy intervention altered the
parallel trends and implies that establishing the FTZs had a sig-
nificant positive impact on the innovation performance of

Table 4 Regression results using a time-varying DID model.

Variables Patent Invent

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

FTZ 0.101*** 0.098*** 0.092*** 0.126*** 0.125*** 0.122***
(3.736) (3.617) (3.231) (5.158) (5.132) (4.648)

ROA 0.017 0.016 −0.002 −0.003
(0.904) (0.858) (−0.134) (−0.172)

Growth −0.112*** −0.109*** −0.055** −0.054**
(−4.175) (−4.071) (−2.504) (−2.427)

Tangible −0.011 −0.011 0.027* 0.027*
(−0.621) (−0.625) (1.937) (1.947)

Leverage 0.030 0.029 0.023 0.022
(1.061) (1.027) (0.956) (0.926)

Cashflow 0.004 0.004 0.017 0.017
(0.319) (0.319) (1.547) (1.549)

Perwage 0.117 0.054
(0.978) (0.478)

Revenue 0.150*** 0.106**
(2.764) (2.184)

FDI 0.010* 0.004
(1.803) (0.625)

Telecom 0.005** 0.003
(2.023) (1.512)

_cons 1.620*** 2.070*** −1.442 1.239*** 1.326*** −0.802
(3.568) (4.114) (−1.012) (2.792) (2.770) (−0.603)

Cid/Year FE Yes Yes Yes Yes Yes Yes
Prov/Ind FE Yes Yes Yes Yes Yes Yes
N 10805 10805 10805 10805 10805 10805
adj. R2 0.063 0.065 0.067 0.046 0.047 0.048

Table 4 reports the impact of China’s FTZs on firms’ innovation performance. All variables are winsorised at the 1st and 99th percentiles. T statistics reported below coefficient estimates are calculated
based on robust standard errors by ‘province’ and ‘industry’ clustering. The symbols *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively.
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enterprises. To facilitate result reproducibility, we have uploaded
the data and code for this study as ‘Supplementary information’,
and it can also be accessed through https://github.com/ws8228/
FTZ.

Placebo test. The placebo test evaluates whether there are sig-
nificant statistical differences between the treatment group and
the control group during periods outside the intervention. Its
purpose is to eliminate result biases caused by other factors and
validate the effectiveness of the time-varying DID model. To
support our argument that firms’ innovation performance is
promoted by the FTZ policy rather than being the result of other
factors, we conduct a placebo test based on existing literature
(Eggers et al., 2023). We randomly select firms with equal values
located in the FTZ during the period of 2012–2020 as the
experimental group and the other firms as the control group and
repeat the time-varying DID regression on the total number of
patent applications and the number of invention patent appli-
cations of the randomly selected firms. The kernel density dis-
tribution of the coefficients was obtained after 3000 random non-
relaxed draws and regression tests (see Fig. 5). Figure 5a, b shows
the placebo test of the FTZ policy on the total number of patent
applications and the number of invention patent applications,
respectively. Their shape roughly overlaps the normal distribu-
tion, with most of the estimated coefficient values of the core
independent variables being less than the baseline regression

coefficients. This indicates that during the periods outside the
intervention, there are no significant differences between the
treatment group and the control group, implying that our model
design is reasonable, and that the results are not influenced by
other factors. This confirms that the improvement in the firms’
innovation performance was the result of the implementation of
the FTZ policy rather than other factors.

High-dimensional and iterative fixed effects. Cumulative fixed
effects, including time, individual, industry and province fixed
effects, are introduced in an attempt to control for industry- and
province-specific factors. However, real-world economies often
face multi-factor shocks and the extent to which different indi-
viduals react to such shocks varies. In real-world analyses, the
introduction of time-industry and time-province interaction
terms and the use of principal component iterations provide
better control when using panel data. Therefore, in an effort to
rule out any spurious associations between FTZs and firms’
innovation performance and to consider the fact that industry
and province characteristics can change over time, we conduct
robustness tests using high-dimensional and iterative regressions.
The results are shown in Table 5. Panel A of Table 5 shows
positive and significant coefficients after the inclusion of the high-
dimensional fixed effects of year × industry and year × province,
and Panel B shows positive and significant coefficients after the
iterative regression at the 1% significance level. This suggests that

Fig. 4 Results of the parallel trend test. a The parallel trend test of the FTZ policy on the scale of innovation performance. b The parallel trend test of the
FTZ policy on the quality of innovation performance.

Fig. 5 Results of the placebo test. a The placebo test of the FTZ policy on the scale of innovation performance. b The placebo test of the FTZ policy on the
quality of innovation performance.
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the results of the FTZ policy aimed at improving firms’ scale and
quality of innovation performance remain robust even after
adding more realistic multi-dimensional shocks to the model and
conducting multiple iterations of the regression.

Excluding interference from other policies. To encourage enter-
prises to engage in R&D and technological innovation in key
projects supported by the government, eligible enterprises can be
recognised as high-tech enterprises and enjoy income tax incen-
tives from the year of approval, such as prepayment rebates or a
transitional 15% tax rate. The 2016 edition of China’s ‘Measures
for the Administration of High and New Technology Enterprise
Recognition’ states that the eligibility requirement for these
incentives is either one invention patent or six utility model
patents. Thus, instead of applying for as many patents as possible,
some enterprises only applied for sufficient patents to enjoy the
abovementioned tax incentives. Therefore, in an effort to avoid
bias, data for firms with no more than one invention patent or no
more than six utility model patents are excluded from the sample,

and the robustness tests are repeated. The results are shown in
columns (1) and (2) of Panel A in Table 6. After excluding the
effects of the ‘high-tech enterprise recognition’ policy, the effect of
establishing FTZs on the enterprises’ scale and quality of inno-
vation performance remains positive and significant at the 1%
level.

Substitution of dependent variables. The number of patent
applications reflects the level of innovation output of enterprises.
However, the FTZ policy can also have an impact on the levels of
enterprises’ innovation input and efficiency. To conduct robust-
ness checks of the baseline regression results, we use the ratio of
R&D expenditure to operating revenue as a proxy for the R&D
expenditure ratio (RD-ratio) and calculate TFP using the
‘Levinsohn and Petrin’ method to measure the innovation effi-
ciency of enterprises (Wang et al., 2022a). The regression results
are shown in columns (3) and (4) of Panel B in Table 6. Although
the sample size is reduced as a result of non-disclosure of R&D
expenditure ratio and TFP data by some enterprises, the results
show a significant and positive effect, indicating that the estab-
lishment of the FTZ enhanced the innovation performance of
enterprises, consistent with the findings of the baseline regression.

Application of multiple regression models. The data for listed
companies includes a large number of zero values and exhibits
broken-tail characteristics. Therefore, we use the Tobit model to
test the impact of the establishment of the FTZ on the innovation
performance of enterprises. The number of corporate patents has
the characteristics of a count variable and the Poisson distribution
can properly regress this type of data; thus, we use the Poisson
model for our regression. The results of the Median model are
more robust in response to extreme values and require few
hypothetical conditions regarding the error term to estimate the
effect of FTZ policy on the median number of patent applications.
The regression results are shown in Table 7, with columns (1), (2)
and (3) showing the results of regressing the total number of
patent applications using the Tobit, Poisson and Median models,
respectively. Columns (4), (5) and (6) show the results of
regressing the number of invention patent applications for each of
the three models. The FTZ coefficient remains positive and sig-
nificant at the 1% level across all models, indicating that the FTZ
policy made a positive and significant contribution to the enter-
prises’ scale and quality of innovation performance, confirming
the results of the baseline regression.

These robustness tests confirmed that the implementation of
the FTZ policy enhanced the research output and innovation
performance of firms in the pilot areas after considering the
influence of multiple complex factors and confirm the validity of
the baseline regression analysis.

Mediation mechanism
Mediating effects of financing constraints. Most companies find
it difficult to finance R&D solely using internal funding and thus
external funding is necessary to ensure the sustainability of research
projects. However, the high initial investment, long benefit cycle,
information asymmetry and high regulatory costs involved in
research and innovation present significant challenges for compa-
nies seeking external financing (Khan et al., 2021). When compa-
nies face unreliable funding sources or severe financing constraints,
they tend to reduce their R&D investment, thereby inhibiting their
innovation performance. However, the introduction of the FTZ
policy has reduced capital controls and increased the flexibility of
the financial market in the pilot areas, resulting in an increase in the
scale of FDI and attracting a steady flow of capital into enterprises
for research and innovation activities.

Table 5 High-dimensional and iterative fixed effects.

Variables Panel A: High-dimensional
fixed effects

Panel B: Iterative fixed
effects

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

Patent Invent Patent Invent

FTZ 0.113** 0.140*** 0.103*** 0.087***
(2.327) (3.100) (3.045) (2.704)

_cons −1.412 −2.466 0.773 0.494
(−0.818) (−1.423) (0.512) (0.360)

Controls Yes Yes Yes Yes
Cid/Year FE Yes Yes Yes Yes
Prov/Ind FE Yes Yes Yes Yes
Year × Ind FE Yes Yes
Year × Prov
FE

Yes Yes

N 10183 10183 10805 10805
adj. R2 0.542 0.427

Table 5 reports the robustness tests of high-dimensional and iterative fixed effects. All variables
are winsorised at the 1st and 99th percentiles. T statistics reported below coefficient estimates
are calculated based on robust standard errors by ‘province’ and ‘industry’ clustering. The
symbols *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively.

Table 6 Results after excluding other policy effects and
replacing dependent variables.

Variables Panel A: Excluding
interference

Panel B: Replacement
variables

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

Patent Invent RD-ratio TFP

FTZ 0.089*** 0.112*** 0.171* 0.046***
(2.848) (3.528) (1.840) (3.713)

_cons −0.182 1.736 7.836** 3.902***
(−0.119) (1.111) (2.193) (5.907)

Controls Yes Yes Yes Yes
Cid/Year FE Yes Yes Yes Yes
Prov/Ind FE Yes Yes Yes Yes
N 7872 7872 8638 9199
adj. R2 0.075 0.054 0.230 0.373

Table 6 reports the robustness tests of excluding other policy effects and replacing dependent
variables. All variables are winsorised at the 1st and 99th percentiles. T statistics reported below
coefficient estimates are calculated based on robust standard errors by ‘province’ and ‘industry’
clustering. The symbols *, ** and *** denote significance at the 10%, 5% and 1% levels,
respectively.
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To address the endogeneity problem, we use the SA index to
measure the degree of financing constraints (FC) on firms (Mun
and Jang, 2019). The SA index is constructed using two
exogenous and relatively robust indicators, firm age and firm
size, and is calculated as follows:

SA ¼ �0:737 ´ Sizeþ 0:043 ´ Size2 � 0:04´Age ð2Þ
The SA index is negative and, as the absolute value increases,

the firm’s FC also increases. To analyse the mediation mechanism
of the FTZ policy regarding the weakening of FC and to
investigate whether the establishment of FTZs enhances firms’
innovation performance by alleviating external FC, we first use
stepwise regression to analyse the mediating effect using Eq. (3).
Then, we apply the Sobel test for robustness testing using Eq. (4):

Mediator ¼ β1 þ β11FTZij þ λControlij
þCid þ Year þ Ind þ Prov þ εij

ð3Þ

Innovationij þ 1 ¼ β2 þ β21FTZij þ β22Mediator

þ λControlij þ Cid þ Year þ Ind þ Prov þ εij
ð4Þ

If β11 and β22 are significant, there is a mediating effect. If β21 is
significant, there is a partial mediating effect, whereas if β21 is not
significant, there is a full mediating effect. The robustness testing
procedure is as follows. First, regression analysis of the effects of
the FTZ on the FC is performed using Eq. (3). Second, we add the
FC to Eq. (1) to investigate the effect of the FTZ policy and the
mediating variable FC on the innovation performance of
enterprises. Finally, to avoid the Type II error of mediating
effects that exist but are not shown, a secondary test is conducted
using the Sobel test.

The results are shown in Table 8. Column (1) shows the regression
results using Eq. (3). The coefficient β11 is negative and significant at
the 1% level, indicating that the establishment of the FTZ alleviated
the FC of enterprises. Columns (2) and (3) show the regression
results using Eq. (4), which tests the direct effect of the FTZ policy on
the total number of patent applications and the number of invention
patent applications by enterprises (β21) and the intermediary effect of
FC (β22). The coefficients of both β21 and β22 are significant,
confirming the existence of a partial intermediary effect. Columns (4)
and (5) show the results of our robustness test of the mediating effect
using the Sobel test. It is evident that the results are consistent,
confirming that the FTZ policy enhanced the enterprises’ scale and
quality of innovation performance in the pilot area by reducing FC.
Thus, H2 is supported.

Mediating effects of industrial agglomeration. Industrial
agglomeration is an important external factor affecting the
innovation performance of enterprises, and it plays a leading role
in their internal governance. The unique institutional advantages
offered by FTZs have attracted numerous leading and emerging
enterprises, both domestic and foreign, to form industrial clusters.
Industrial agglomeration clarifies the division of labour among
enterprises in an FTZ and enhances collaboration, not only
increasing labour productivity, but also promoting the sharing of
technology and other resources. To some extent, this compen-
sates for the government’s inadequate allocation of resources and
improves the innovation performance of enterprises by enhan-
cing the industrial structure (Peng et al., 2022). FTZ policy has
increased industry agglomeration and enterprises competition in
the pilot areas.

Table 8 Mediating effect of financing constraints.

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

FC Patent Invent Sobel test (Patent) Sobel test (Invent)

FTZ −0.048*** 0.087*** 0.119*** 0.066** 0.133***
(−2.914) (3.413) (5.345) (2.298) (5.684)

FC −0.100*** −0.050*** −0.153*** −0.066***
(−5.786) (−3.316) (−23.168) (−12.195)

Controls Yes Yes Yes Yes Yes
Cid/Year FE Yes Yes Yes Yes Yes
Prov/Ind FE Yes Yes Yes Yes Yes
N 10805 10805 10805 10805 10805
adj. R2 0.346 0.250 0.279 0.133 0.071

Table 8 reports the mediating effect of financing constraints. All variables are winsorised at the 1st and 99th percentiles. T statistics reported below coefficient estimates are calculated based on robust
standard errors by ‘province’ and ‘industry’ clustering. The symbols *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively.

Table 7 Results using different regression models.

Variables Patent Invent

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

Tobit Poisson Median Tobit Poisson Median

FTZ 0.086*** 0.128*** 0.099*** 0.129*** 0.428*** 0.211***
(3.577) (43.495) (3.442) (5.305) (71.248) (7.732)

_cons 2.087** 6.886*** 0.635 0.458 5.260*** 0.007
(2.513) (92.182) (1.425) (0.575) (33.152) (0.015)

Controls Yes Yes Yes Yes Yes Yes
Cid/Year FE Yes Yes Yes Yes Yes Yes
Prov/Ind FE Yes Yes Yes Yes Yes Yes
N 10805 10805 10805 10805 10805 10805

Table 7 reports the robustness tests of using different regression models. All variables are winsorised at the 1st and 99th percentiles. T statistics reported below coefficient estimates are calculated based
on robust standard errors by ‘province’ and ‘industry’ clustering. The symbols *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively.
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We use Herfindahl–Hirschman Index (HHI) values as a proxy
for the degree of industrial agglomeration. The HHI is a
commonly used measure of industrial agglomeration based on
the sum of the squares of the percentage of total industry revenue
or total assets of each industrial agglomerate within an industry
and is mainly used to measure changes in market share (Spiegel,
2021). A lower HHI value indicates more intense competition.
HHI values are calculated as follows:

HHI ¼ ∑
N

i¼1
Xi=X
� �2 ð5Þ

Given the low efficiency of the stepwise regression test and the
fact that Type II errors sometimes occur, we directly use the
mediating factor test and the Sobel test to analyse the mediating
effect of industrial agglomeration. The results are shown in Table 9.

Column (1) in Table 9 shows the regression results using Eq.
(3), which measures the effect of the FTZ policy on industrial
agglomeration. The coefficient is negative and significant,
indicating that the establishment of FTZs lowers the HHI values,
reflecting an increased level of industrial agglomeration. Columns
(2) and (3) show the results of using the Sobel test to analyse the
effect of the FTZ policy on the total number of patent
applications and the number of invention patent applications,
as well as the mediating effect of industrial agglomeration. Both
coefficients are significant, indicating the existence of a partial
mediating effect. Therefore, the FTZ policy improved the
enterprises’ scale and quality of innovation performance in the
pilot area by increasing industrial agglomeration, and thus H3 is
supported.

Endogeneity issues
When formulating policies, governments inevitably introduce a
certain level of subjectivity and intentionality. For instance,
during the initial site selection for policy pilot areas, there was a
tendency toward areas with prominent locational advantages and
strong competitiveness. Policy formulation necessitates careful
deliberation as policies are crafted to capitalise on strengths or
rectify weaknesses, and their implementation incurs substantial
costs. But this non-random selection may introduce endogeneity
issues to causal inference (Goodman-Bacon, 2021). In the base-
line regression, we employed the time-varying DID model to
effectively control for individual and time fixed effects, and we
clustered the data by ‘industry’ and ‘province’ to mitigate
potential biases arising from non-random selection. The time-

varying DID model tackles endogeneity issues by controlling for
differences between the treatment and control groups, assuming
random assignment of FTZ pilot areas. However, in reality, the
selection of FTZs may be influenced by non-random factors such
as economic and locational considerations, which can perturb the
accuracy of policy evaluation results. Thus, we utilise a quasi-
experimental framework and employ the IV method and PSM to
minimise estimation biases arising from endogeneity issues as
much as possible.

Additionally, most enterprises in the sample went public before
the implementation of the FTZ policy. Hence, the impact of
‘enterprises consciously setting up their registration in the FTZs
prior to entering the A-share market’ is minimal on our esti-
mation results.

Instrumental variable method. Unobserved factors that may be
correlated with FTZ policy could have a simultaneous impact on
firm innovation performance, resulting in potential bias in the
estimation of the time-varying DID model. The IV method can
effectively mitigate the endogeneity problem caused by omitted
variables and measurement errors. Its goal is to leverage the
random nature of IVs for causal inference and obtain more
precise estimates of the impact of FTZ policy on firm innovation.
The selection of IVs follows scientific principles and requires the
satisfaction of two conditions: relevance and exogeneity. The IV
should be relevant to the endogenous independent variable and
irrelevant to the random error term. Based on this, we leverage
existing findings that the level of urban area construction and
development was the primary factor considered in the selection of
national FTZ locations (Atanasov and Black, 2021). We utilise
industrial sulphur dioxide emissions (SO2) and length of urban
sewage pipes (Pipe) as our IVs. The rationale for selecting these
IVs is that the infrastructure construction and development level
of an area are inherently correlated, satisfying the assumption of
relevance to the independent variable. Moreover, these IVs do not
directly impact firm innovation performance, thereby meeting the
exogeneity assumption.

We employ a two-stage least squares estimation, with the
results shown in Table 10. The goal of the first-stage regression is
to assess the effectiveness of the IVs and derive the predicted
values for the endogenous independent variable. In the second-
stage regression, the predicted values from the first stage are used
as independent variables and regressed against firm innovation
performance. This approach enables us to accurately estimate the

Table 9 Mediating effect of industrial agglomeration.

Variables (1) (2) (3)

HHI Sobel test
(Patent)

Sobel test
(Invent)

FTZ −0.034*
(−1.733)

0.071** (2.414) 0.135***
(5.724)

HHI −0.030*
(−1.816)

−0.022*
(−1.664)

_cons 49.350***
(47.903)

3.946***
(3.656)

1.509* (1.748)

Controls Yes Yes Yes
Cid/Year FE Yes Yes Yes
Prov/Ind FE Yes Yes Yes
N 10805 10805 10805
adj. R2 0.216 0.090 0.058

Table 9 reports the mediating effect of industrial agglomeration. All variables are winsorised at
the 1st and 99th percentiles. T statistics reported below coefficient estimates are calculated
based on robust standard errors by ‘province’ and ‘industry’ clustering. The symbols *, ** and ***
denote significance at the 10%, 5% and 1% levels, respectively.

Table 10 Results of the instrumental variable regression.

Variables First stage Second stage

(1) (2) (3)

FTZ Patent Invent

SO2 −0.042***
(−15.52)

Pipe 0.021*** (4.27)
FTZ 1.173*** (6.931) 1.324***

(9.365)
_cons −2.917***

(−17.04)
6.206***
(7.220)

5.615***
(7.817)

Controls Yes Yes Yes
Cid/Year FE Yes Yes Yes
Prov/Ind FE Yes Yes Yes
N 10805 10805 10805

Table 10 reports the IV regression. All variables are winsorised at the 1st and 99th percentiles. T
statistics reported below coefficient estimates are calculated based on robust standard errors by
‘province’ and ‘industry’ clustering. The symbols *, ** and *** denote significance at the 10%, 5%
and 1% levels, respectively.
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causal effects without being influenced by endogeneity bias
(Miklin et al., 2022). In column (1), the regression results from
the first stage reveal a significant negative correlation between
SO2 and the FTZ development at a 1% significance level, while
Pipe exhibits a significant positive correlation with the FTZ
development at a 1% significance level. This demonstrates that
FTZ policy have curtailed SO2 emissions, and facilitated the
development of urban infrastructure such as sewage pipes.
Columns (2) and (3) display the results of the second-stage
regressions for firm innovation scale and quality, respectively.
This demonstrates that after considering the potential endogene-
ity between the establishment of the FTZ and firm innovation
performance, the FTZ coefficient remains positive and significant
at the 1% level. In addition, we conducted an overidentification
test on the IVs and calculate a p-value of 0.36 (exceeding 0.05),
which indicates that the original hypothesis that both IVs are
exogenous is not rejected. We also performed a weak instru-
mental variable test and obtained an F-statistic of 129.19
(exceeding 10), indicating the absence of weak instrumental
variables. In summary, after accounting for potential endogeneity
issues, the establishment of FTZs significantly enhances firms’
scale and quality of innovation performance, confirming the
validity of our findings.

Propensity score matching estimation. To address selection bias
and endogeneity issues in policy pilot areas, we utilise the PSM
method based on whether a specific region has implemented an
FTZ to assess the ‘treatment effect’ of this policy on the inno-
vation performance of local businesses (Ferman, 2021). Before
conducting a PSM regression estimation, it is essential to conduct
a pre-matching balance test. The results of this test reveal that
post-matching, the standardised biases of all variables are below
10%, and all t-test results do not reject the null hypothesis of no
systematic differences between the treatment and control groups.
Compared with the pre-matching results, the standardised biases
of all variables are substantially reduced, indicating successful
balance across all variables. This indicates that after PSM, the area
differences between FTZs and non-FTZs are reduced sig-
nificantly, with a minimal loss of samples in the matching pro-
cess. Next, we utilise nearest neighbour, calliper, kernel and
Mahalanobis matching methods to perform the PSM regression
estimation of the impact of FTZ policy on the scale and quality of
firm innovation. The results of the PSM regression are presented
in Table 11. ATT represents the average treatment effect on
innovation for firms within FTZs, which is the primary focus of
this study. ATE represents the matching results considering the
entire sample and ATU represents the matching results

considering only non-FTZ firms. In Table 11, all coefficients of
the matching results are positive. Furthermore, apart from the
two coefficients in ATU regarding the firm innovation quality,
which are significant at the 5% level, all other coefficients (par-
ticularly ATT) are significant at the 1% level. The PSM estimation
results closely align with the baseline regression, reaffirming our
conclusions and providing strong evidence that the FTZ policy
effectively enhances firm innovation performance.

Further study
To further mitigate the impact of endogeneity on the research
results, we conduct an in-depth analysis of the moderating effects
of contextual factors and enterprise heterogeneity. This provides a
more comprehensive understanding of the logic behind the
influence of the FTZ policy on firm innovation performance (De
Chaisemartin and D’Haultfoeuille, 2023).

Moderating effects of contextual factors. Using regression
results from a time-varying DID model and various robustness
tests, we have established that the FTZ policy significantly
increased the innovation performance of firms in the pilot area.
However, whether any other factors also influence the baseline
regressions requires an investigation of the moderating effects of
contextual factors. Some scholars argue that a range of factors,
such as the level of economic development and government
support, might also influence the effect of the FTZ policy on
innovation by firms in different areas. First, the level of economic
development affects firms’ internal technological innovation
decisions, with the demand for new technologies and inventions
being stronger in more economically developed areas (Lou et al.,
2022). Following the establishment of an FTZ, enterprises have
increased access to research funding, and the cost of finance
approval and supervision is relatively low. This provides enter-
prises with a greater incentive to engage in innovation activities,
which in turn enhances the effect of the FTZ policy on their
innovation performance. Second, direct subsidies from local
governments help to alleviate the pressure of raising funds for
R&D and support in the form of various types of research sub-
sidies and special funding varies depending on the level of
importance that local governments attach to technological R&D
(Shi et al., 2023). Following the implementation of the FTZ
policy, the variety of projects funded by the government and the
abundance of financial subsidies significantly eased the pressure
on R&D funding in pilot areas. However, the question of whether
the level of economic development and government subsidies can
truly contribute to an increase in the scale and quality of

Table 11 Results of propensity score matching estimation.

Variables Patent Invent

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

Neighbour Calliper Kernel Mahalanobis Neighbour Calliper Kernel Mahalanobis

Unmatched 0.144*** 0.144*** 0.144*** 0.144*** 0.264*** 0.264*** 0.264*** 0.264***
(0.030) (0.030) (0.030) (0.030) (0.024) (0.024) (0.024) (0.024)

ATT 0.142*** 0.126*** 0.122*** 0.117*** 0.190*** 0.187*** 0.204*** 0.183***
(0.030) (0.049) (0.028) (0.033) (0.034) (0.034) (0.037) (0.025)

ATU 0.289*** 0.318*** 0.195*** 0.206*** 0.184** 0.220** 0.197*** 0.226***
(0.102) (0.107) (0.037) (0.029) (0.100) (0.103) (0.040) (0.025)

ATE 0.259*** 0.281*** 0.180*** 0.190*** 0.185** 0.213*** 0.199*** 0.219***
(0.082) (0.087) (0.029) (0.026) (0.081) (0.083) (0.038) (0.023)

N 10805 10805 10805 10805 10805 10805 10805 10805

Table 11 reports the results of four PSM methods. All variables are winsorised at the 1st and 99th percentiles. T statistics reported below coefficient estimates are calculated based on robust standard
errors by ‘province’ and ‘industry’ clustering. The symbols *, ** and *** denote significance at the 10%, 5% and 1% levels, respectively.
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corporate innovation following the implementation of the FTZ
policy remains to be answered.

To accurately assess the moderating effects of the level of
economic development and government support on the baseline
regression, we use the area GDP per capita and government
subsidies as proxies for the level of economic development and
government support, respectively. Equations (6) and (7) are
constructed by adding the interaction terms of area GDP per
capita and government subsidies to Eq. (1) as follows:

Innovationijþ1 ¼ β0 þ β1FTZij þ β2FTZij ´ PerGDP
þ λControlij þ Cid þ Year þ Ind þ Prov þ εij

ð6Þ

Innovationijþ1 ¼ β0 þ β1FTZij þ β2FTZij ´ Subsidy
þ λControlij þ Cid þ Year þ Ind þ Prov þ εij

ð7Þ

PerGDP denotes the area GDP per capita, and Subsidy denotes
the amount of subsidies provided to enterprises by the
government. The results are shown in Table 12. The coefficients
of the interaction terms of PerGDP × FTZ and Subsidy × FTZ are
both positive at the 1% significance level, indicating that the
higher the levels of GDP per capita and government subsidies in
the pilot areas, the more the FTZ policy stimulated the innovation
performance of enterprises. The coefficient of the interaction
term in columns (2) and (4) is greater than those in columns (1)
and (3), and the rate of increase in the number of invention
patent applications is higher than the rate of increase in the total
number of patent applications. This indicates that the imple-
mentation of the FTZ policy in economically developed areas is
more conducive to improving the quality of enterprises’ research
and innovation. Thus, it can be inferred that the higher the
economic level of the area and the higher the government
subsidies, the more significant is the effect of the FTZ policy on
the firms’ scale and quality of innovation performance.

Heterogeneity analysis. To address potential cross-sectional
issues, we conduct a heterogeneity analysis from four perspec-
tives: size, ownership, industry and geographic location of the
companies. This provides a comprehensive analysis of whether
causal relationships differ because of individual features or
environmental conditions (Sun and Abraham, 2021).

Cross-sectional test of enterprise size. The size of an enterprise
reflects the stage of its lifecycle. Different stages of development
entail varying strategic objectives and market constraints for the
enterprise (Pahnke et al., 2023). To obtain high-quality resources
and competitive advantages, enterprises need to continuously
engage in technological innovation. However, innovation is a
costly long-term activity, and companies face high R&D costs.
Small and medium-sized enterprises (SME) have a short devel-
opment period and limited risk-bearing capacity, which prevents
them from allocating substantial funds for research and innova-
tion. Conversely, larger-sized enterprises (LE) are in the mature
stage of development, and their objective is to establish a stable
market share. Patents and new technologies can enhance industry
barriers and help companies solidify their existing market posi-
tions. Therefore, LE are willing to invest more capital in inno-
vation than SMEs. Because of the significant differences in
enterprise sizes across different industries, we categorise enter-
prises into LE and SME based on the median enterprise size
within each industry category. The regression results for size
heterogeneity are presented in Table 13. The coefficients in col-
umns (1) and (2) are significant at the 5% level, whereas those in
columns (3) and (4) are significant at the 1% level. This indicates
that the FTZ policy has a significant positive impact on the
technological R&D levels of enterprises of different sizes. How-
ever, the policy’s influence on the quality of innovation is higher
than its impact on the scale of innovation. Moreover, the coef-
ficients in columns (1) and (3) are higher than those in columns
(2) and (4), respectively, indicating that the innovation perfor-
mance coefficients of LE are higher than those of SME. This
suggests that the FTZ policy has a greater impact on improving
the innovation output of large enterprises compared with SMEs.

Cross-sectional test of company’s ownership. The basic economic
system in China is characterised by the predominance of public
ownership and the simultaneous development of diverse forms of
ownership economy. Moreover, the private economy is an
important foundation for China’s high-quality development, and

Table 13 Regression results for enterprise size
heterogeneity.

Variables Patent Invent

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

LE SME LE SME

FTZ 0.098** 0.078** 0.132*** 0.087***
(2.315) (2.009) (3.184) (2.643)

_cons −0.363 −2.044 −0.601 −1.761
(−0.171) (−1.157) (−0.300) (−1.004)

Control vars Yes Yes Yes Yes
Cid/Year FE Yes Yes Yes Yes
Ind/Prov FE Yes Yes Yes Yes
N 5556 5249 5556 5249
adj. R2 0.076 0.063 0.058 0.046

Table 13 reports the regression of enterprise size heterogeneity. All variables are winsorised at
the 1st and 99th percentiles. T statistics reported below coefficient estimates are calculated
based on robust standard errors by ‘province’ and ‘industry’ clustering. The symbols *, ** and ***
denote significance at the 10%, 5% and 1% levels, respectively.

Table 12 Moderating effects of level of economic
development and government subsidies.

Variables Panel A: PerGDP Panel B: Subsidy

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

Patent Invent Patent Invent

FTZ −2.887*** −3.616*** −0.191* −0.254**
(−2.751) (−3.782) (−1.693) (−2.231)

PerGDP 0.033 0.067*
(0.815) (1.898)

FTZ ×
PerGDP

0.251*** 0.317***

(2.806) (3.884)
Subsidy 0.023 0.034**

(1.476) (2.417)
FTZ ×
Subsidy

0.036** 0.047***

(2.336) (3.166)
_cons −2.184 −1.359 −1.800 −0.813

(−1.373) (−0.957) (−1.163) (−0.587)
Controls Yes Yes Yes Yes
Cid/Year FE Yes Yes Yes Yes
Prov/Ind FE Yes Yes Yes Yes
N 8999 8999 10539 10539
adj. R2 0.074 0.058 0.070 0.052

Table 12 reports the regression of moderating effects. All variables are winsorised at the 1st and
99th percentiles. T statistics reported below coefficient estimates are calculated based on
robust standard errors by ‘province’ and ‘industry’ clustering. The symbols *, ** and *** denote
significance at the 10%, 5% and 1% levels, respectively.
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the Chinese government strongly supports its growth. Therefore,
in this study, companies are categorised by the ownership attri-
butes into state-owned enterprises (SOEs) and non-state-owned
enterprises (non-SOEs). Heterogeneity analysis of ownership
contributes to understanding the actions taken by companies of
different ownership types in response to the FTZ policy. The
regression results of company ownership heterogeneity are pre-
sented in Table 14. The coefficients in columns (1) and (3) are
significant at the 5% level, and the coefficients in columns (2) and
(4) are significant at the 1% level. The results indicate that the
FTZ policy has indeed enhanced the innovation scale and quality
of enterprises with different ownership types, but the positive
impact on innovation performance is more pronounced for non-
SOEs than for SOEs. This indicates that non-SOEs are more
capable of leveraging FTZ policy to continuously enhance their
innovation performance than SOEs. It also demonstrates that this
policy has contributed to the development of the non-public
sector of the economy.

Cross-sectional test of the industry. The business field and R&D
innovation of an enterprise are often closely related to its
industry. Non-technology-intensive enterprises, such as the
agriculture, wholesale and retail industries, do not rely on new
product development and have a lower tendency toward

technological innovation. However, even if they do not engage in
research activities, this will not affect their normal production
and operations. In contrast, high-tech enterprises or knowledge-
intensive industries place greater emphasis on R&D in specialised
fields. The design, development and sales of new products need to
be completed within short timeframes. With diverse and rapidly
evolving products, these companies must continuously engage in
R&D and innovation to maintain their market share amid fierce
competition. To examine the heterogeneity of innovation effects
across different industries regarding the FTZ policy, we classify
technology-intensive (Tech) and non-technology-intensive
enterprises (non-Tech) based on the Chinese Economic Indus-
try Classification Standard (GB/T 4754). The regression results of
industry heterogeneity are presented in Table 15. The coefficients
in columns (1) and (3) are significant at the 1% level, whereas the
coefficients in columns (2) and (4) are not significant. The results
show that the FTZ policy has a more pronounced promotion
effect on the innovation performance of Tech, whereas its impact
non-Tech is not significant. This demonstrates that the policy has
accelerated the R&D innovation of technology-intensive
industries.

Cross-sectional test of regional location. Natural geographical
factors have divided China into four major regions, with the
modernisation development in the eastern region far surpassing
that of the western, central and northeastern regions (Yue et al.,
2023). Therefore, China has formulated the regional coordi-
nated development strategy of ‘Eastern Region Leading, Wes-
tern Region Development, Central Region Rising and Northeast
Region Revitalisation’. Based on this, we divide the geographic
location of companies into the eastern region (including Beij-
ing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shan-
dong, Guangdong and Hainan provinces and municipalities)
and other regions and conduct a heterogeneity analysis of the
impact of FTZ policy on innovation among enterprises in dif-
ferent regions. The regression results are presented in Table 16.
The coefficient in column (1) and (3) is significant at the 1%
level, whereas the coefficient in column (2) and (4) is significant
at the 5% level. This indicates that the FTZ policy has sub-
stantially improved the innovation performance in Eastern
enterprises. This is also a result of the clear locational advan-
tages and higher-level economic development of the coastal
provinces in eastern China, which makes it easier to attract
high-quality technology companies (such as Tesla) for inno-
vative R&D exchanges.

Table 15 Regression results for industry heterogeneity.

Variables Patent Invent

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

Tech Non-Tech Tech Non-Tech

FTZ 0.107*** 0.089 0.144*** 0.062
(3.383) (1.452) (4.820) (1.131)

_cons −1.565 −2.444 −1.194 −4.287
(−1.023) (−0.710) (−0.806) (−1.587)

Control vars Yes Yes Yes Yes
Cid/Year FE Yes Yes Yes Yes
Ind/Prov FE Yes Yes Yes Yes
N 8736 2069 8736 2069
adj. R2 0.074 0.076 0.054 0.042

Table 15 reports the regression of industry heterogeneity. All variables are winsorised at the 1st
and 99th percentiles. T statistics reported below coefficient estimates are calculated based on
robust standard errors by ‘province’ and ‘industry’ clustering. The symbols *, ** and *** denote
significance at the 10%, 5% and 1% levels, respectively.

Table 16 Regression results for regional heterogeneity.

Variables Patent Invent

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

Eastern Others Eastern Others

FTZ 0.170*** 0.099** 0.105*** 0.106**
(5.354) (1.964) (3.442) (2.010)

_cons −0.975 −0.486 −4.168** −0.427
(−1.223) (−0.496) (−2.410) (−0.488)

Control vars Yes Yes Yes Yes
Cid/Year FE Yes Yes Yes Yes
Ind/Prov FE Yes Yes Yes Yes
N 7850 2955 7850 2955
adj. R2 0.042 0.017 0.061 0.011

Table 16 reports the regression of regional heterogeneity. All variables are winsorised at the 1st
and 99th percentiles. T statistics reported below coefficient estimates are calculated based on
robust standard errors by ‘province’ and ‘industry’ clustering. The symbols *, ** and *** denote
significance at the 10%, 5% and 1% levels, respectively.

Table 14 The regression results of enterprise ownership
heterogeneity.

Variables Patent Invent

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

SOE Non-SOE SOE Non-SOE

FTZ 0.121** 0.093*** 0.138** 0.120***
(2.113) (2.823) (2.456) (4.001)

_cons −0.465 −1.380 0.927 −1.377
(−0.171) (−0.843) (0.293) (−0.947)

Control vars Yes Yes Yes Yes
Cid/Year FE Yes Yes Yes Yes
Prov/Ind FE Yes Yes Yes Yes
N 2632 7983 2632 7983
adj. R2 0.049 0.083 0.050 0.055

Table 14 reports the regression of enterprise ownership heterogeneity. All variables are
winsorised at the 1st and 99th percentiles. T statistics reported below coefficient estimates are
calculated based on robust standard errors by ‘province’ and ‘industry’ clustering. The symbols *,
** and *** denote significance at the 10%, 5% and 1% levels, respectively.
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Conclusions
Findings. In this study, we focused on the effects of China’s FTZ
policy on enterprise innovation. Using data for Chinese A-share
listed companies and data on FTZs from 2012 to 2020, as well as
the total number of patent applications and the number of
invention patent applications as proxies for enterprise innovation
performance, a time-varying DID model was used to investigate
the effects of the FTZ policy on enterprise innovation perfor-
mance. The findings are as follows.

(1) First, after baseline regression analysis and various robustness
tests such as the parallel trend test and the placebo test, the
exclusion of other factors and the use of IVs to address the
endogeneity problem, we found that the FTZ policy substantially
enhanced the firms’ scale and quality of innovation performance in
the pilot areas. (2) Second, we found that financing constraints and
industry agglomeration mediated the effects of the FTZ policy on
firms’ innovation performance. The establishment of FTZs has
attracted foreign capital, thereby reducing firms’ financing
constraints and enhanced industry agglomeration has resulted in
a more refined division of labour and more intense competition
among firms, leading to an improvement in firms’ innovation
performance. (3) Third, from an innovation-driven perspective,
differences in the moderating variables for the economic develop-
ment level and government subsidies were used to explore the
innovation level of enterprises, with the results confirming that as
the level of economic development and government subsidies in the
pilot FTZs increased, the innovation level of enterprises also
increased. (4) Fourth, we employed an IV regression and PSM to
effectively address the issue of non-randomness in policy evalua-
tion. In addition, we conducted further research on the variation in
the innovation impact of FTZs on enterprises with distinct
characteristics, including size, ownership, industry and location.

Implications. To better promote the development of FTZs and
enhance the research and innovation performance of enterprises,
we put forward the following policy implications.

(1) Governments in the pilot areas should promote the
implementation of the FTZ policy in an orderly manner. The
pilot areas have accumulated considerable experience in relation
to the construction of FTZs and thus should promote the FTZ
experience, expand China’s opening up to the outside world in an
orderly manner, and cement the construction of FTZs as a long-
term policy for area reform. (2) Enterprises within the FTZ pilot
areas should deepen their knowledge of technological innovation.
The pilot FTZs should prioritise the development of a high-end
intelligent industrial system and focus on supporting high-tech
enterprises with their own brands. Firms will be able to attract
more high-level talent with a high-quality platform and complete
industrial chain to raise the level of competition in the FTZs. (3)
Administrative agencies at all levels should strengthen the
identification of the innovation achievements of enterprises.
The government should identify enterprises with strong innova-
tion performance and help them to obtain government subsidies.
For SMEs with a low level of innovation, the government should
stimulate their innovation efforts by providing guidance and
assistance.

Prospects. Given the importance of the FTZ policy to the inno-
vation performance of enterprises, we conducted a precise policy
evaluation from various angles, including a baseline regression,
robustness checks, a mediation analysis, an exploration of mod-
erating effects and discussions of endogeneity. As the pilot scope
of FTZ expands, it is essential to continue learning and discussing
the latest research findings. In the future, we will utilise novel

approaches to measure firm innovation performance and exam-
ine the relationship between FTZ policy and the SDGs.

Data availability
Data sets generated and analyzed during the current study are
available in the GitHub repository, https://github.com/ws8228/
FTZ, and also are available from the corresponding author on
reasonable request.
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