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The development of the regional economy is of major concern against the backdrop of the
“new normal.” As a problem that has persisted in China for decades, zombie firms have a
negative impact on regional and industrial sustainable development. This study first
presents a novel method for identifying zombie firms and then analyzes the
characteristics of zombie firms in the Yangtze River Delta Urban Agglomerations during
a specified period. A fixed-effect model is used to examine the impact of firm zombification
on normal enterprise investment. Despite the low level of zombification of industrial
enterprises in the Yangtze River Delta Urban Agglomeration, the results of the study
indicate that it has a considerable negative influence on enterprise investment. After
applying multiple methods for robustness testing and constructing instrumental variables
to solve the endogeneity problem, our results have remained stable. The carbon intensity
effect and the competitive weakening effect are also examined as two impact
mechanisms. Our findings have significant theoretical and practical ramifications: 1) It
introduces a novel concept for defining zombie firms, which will aid in the improvement of
the technique of identifying zombie firms based on the Chinese Industrial Enterprise
Database; 2) It proposes a novel approach to zombie firm research, and it is critical to
better understand the harmful effects of zombie firms on industrial sustainable
development and to make specific efforts to address them; 3) It makes
recommendations to the government on how to establish industrial policy. The policy
tilt towards state-owned enterprises should be adjusted, while regional economic
characteristics should be fully considered to ensure the sustainable development of
the industry and the region.

Keywords: zombie firms, extrusion effect, Yangtze River Delta Urban Agglomerations (YRDUA), SMEs—small and
medium sized enterprises, industrial sustainable development

1 INTRODUCTION

In the context of the “new normal,” in which the economic structure is gradually optimized, the
economic growth rate is gradually slowed, and the economic drive is fully transformed, the
transformation and development of China’s regional economy is a prerequisite for constructing
a moderately prosperous society and achieving socialist modernization in its entirety. As one of the
most important economic regions in China, the Yangtze River Delta Urban Agglomerations is an
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economic zone composed of 26 cities with the best urbanization
foundation, the fastest economic development, and the strongest
competitive power in the eastern coastal region. According to
public data, the Yangtze River Delta Urban Agglomerations
account for only 2.3 percent of the total area of China, yet
contribute about a quarter of China’s GDP. As a result, the
economic and industrial sustainable development of the Yangtze
River Delta Urban Agglomerations has been widely concerned.
The status quo and impact of zombie firms in the Yangtze River
Delta Urban Agglomerations are of considerable theoretical and
practical importance in promoting the transformation of
government functions, economic sustainable development, and
industrial policy adjustment in the region.

In recent years, experts and policymakers have paid increased
attention to zombie firms, which are mature enterprises that are
heavily indebted, chronically unprofitable, and have no way of
repaying their loans over a long period. Zombie firms control a
substantial quantity of land, capital, energy, labor, and other
essential resources, but they are unable to provide comparable
economic benefits, which is the “pain point” of economic
progress and industrial sustainable development in modern
society. The existence of zombie firms not only has extremely
negative consequences for investors and creditors but also
increases macroeconomic operational risks, preventing
resources from flowing to higher-returning enterprises,
obstructing economic transformation and upgrading, as well as
effective industrial structure adjustment. Zombie firms may also
cause substantial debt defaults, rendering a large number of
maturing debts unpayable, wreaking havoc on the market and
financial ecosphere, and posing a major concealed threat to
economic development and social stability. In late years, the
Chinese government has begun to place a high priority on the
issue of zombie firms.

There has been a growth in research on zombie firms since the
groundbreaking research of Caballero, Hoshi and Kashyap
(Caballero et al., 2008). However, it is predominantly
concerned with market congestion and aggregate growth
difficulties (Caballero et al., 2008; Adalet McGowan et al.,
2018; Andrews and Petroulakis, 2019). With the exception of
the research by Goto andWilbur (2019) and Carreira et al. (2021),
most of the existing research is based on the samples of large listed
companies, and the zombie firm problem of other enterprises has
not been explained in detail. In addition, the majority of extant
research only focuses on the state of zombie firms at the national
level, rather than taking China’s special economic zones into
account. For all we know, our work is the first to reveal the
influence of zombie firms in the context of a region where small
and medium-sized enterprises gather (Yangtze River Delta Urban
Agglomerations). It has the advantage of presenting evidence for
the entire industry and region. The research also makes a
methodological addition to the identification of zombie firms,
which is a distinct feature too. The typical NH-CHK approach
cannot be utilized to identify zombie firms due to the features of
the Chinese Industrial Enterprise Database. Through the ongoing
infusion of bank loans, zombie businesses can typically greatly
extend their survival time in the market (Okamura, 2011). In this
context, “profitability” and “debt ratio” are more suitable for

identifying zombie firms in the Chinese Industrial Enterprise
Database than the “subsidized” interest rate criterion after
eliminating normal enterprises with poor initial operating
conditions. At the same time, we consider the healthy
enterprises that may be erroneously identified as zombie firms
at the beginning of their establishment and make the
identification procedure easier.

We address, in particular, the following issues: What is the
status of zombie firms in the Yangtze River Delta Urban
Agglomerations over a long period? What position do SMEs
occupy in the zombie firms of the Yangtze River Delta Urban
Agglomerations? What impact does the existence of zombie firms
have on private investment in healthy firms in this area?What are
the mechanisms that affect the impact of zombie firms on
enterprise investment?

The study is based on the Chinese Industrial Enterprises
Database, the China City Statistical Yearbook, and the China
Statistical Yearbook on Environment for the period 2003–2013.
During this interval, due to the influence of the Financial Crisis
and the four-trillion economic stimulus plan, the time variation
trend of the proportion of zombie firms can be accurately
observed. A fixed-effect model is used to investigate whether
the investment of other normal firms is crowded out by zombie
firms. The empirical findings demonstrate that, while the share of
zombie firms in the Yangtze River Delta Urban Agglomerations is
low, they have driven out non-zombie firms’ investment
significantly. Specifically, a 0.229 percentage point reduction in
non-zombie investment is connected with a rise of 1 percentage
point in the ratio of zombie firms (debt-weighted). We verify the
robustness of our empirical results by changing the calculation
method of enterprise investment, unifying the statistical caliber of
the sample, replacing the calculationmethod of zombie enterprise
ratio, and replacing the proportion of zombie firms with different
weighting methods. Our regression results remain significant
after employing the instrumental variables method to address
the endogeneity problem. In addition, the results of the
mechanism analysis demonstrate that zombie firms influence
the regular investment of enterprises through the carbon intensity
effect and the competitive weakening effect.

The remaining sections of our paper are arranged as follows.
Section 2 is a review of previous research on zombie firms, while
Section 3 describes the data processing and the identification
methods of zombie firms. Section 4 empirically analyzes the
influence of zombie firms on enterprise investment. The results of
robustness checks are also reported in this section. Section 5 is
the conclusion of this paper, including relevant policy
recommendations and directions for further research.

2 RELATED LITERATURE REVIEW

Zombie firms have been a concern over the last 2 decades. The
two countries most concerned by relevant research are Japan and
China. The problem of zombie firms has also received a lot of
attention in the United Kingdom, the United States, Canada,
Portugal, and other European countries. It has been shown that,
depending on the definition of zombie firms, the share of zombie

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 8960362

Wang et al. The Role of Zombie Firms

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


firms in advanced economies might range from 6 to 12 percent
(Banerjee and Hofmann, 2018). The problem is far more
common than previously imagined, affecting almost all
economic communities. Since the “Plaza Accord,” the
existence of zombie firms has been considered to be the cause
of the “lost decade” (Fukao and Ug Kwon, 2006). The stagnation
of the Japanese economy caused by zombie firms has also had a
lasting and far-reaching impact on global economic development,
especially in the wake of the economic crisis. Countries affected
include, but are not limited to, France, Italy, China, and South
Korea (Hoshi and Kashyap, 2015). The term “zombie firm” was
first proposed as a professional economic term by Edward Kane
(Kane, 1987). At present, the academics agree on the definition of
zombie firms, which are defined as “enterprises in commercial
difficulties and lack of self-sufficiency that are protected from
bankruptcy and liquidation by creditors or government support”
(Katz, 2003; Hoshi and Kim, 2012). In other words, zombie firms
refer to a category of enterprises that are deeply in debt and lack
profitability, and cannot repay their debts over an extended
period, yet fail to exit the market for a variety of reasons.

The research on the stagnation in Japan in the late 20th
century by Peek and Rosengren (2005) and Caballero et al.
(2008) has been regarded as the beginning of related research
on zombie firms. Both studies emphasized that the existence of
zombie firms is actually the reason for the misallocation of
resources during this period, which resulted in a delay in the
withdrawal of inefficient enterprises. Existing research has shown
that the incentives for the emergence of zombie firms are often
multifaceted. From the perspective of external incentives, the
improper allocation of credit resources and government
intervention is related to the establishment and sustainable
survival of zombie firms. Banks often tend to provide zombie
credit to enterprises in order to cover up poor debts, which is one
of the chief causes of the emergence of zombie firms (Fukuda
et al., 2006; Hoshi, 2006). The long-term relationship between a
bank and a borrower may lead to private contracts, and the bank
may continue to lend to the borrower as a result, despite the fact
that this is unethical (Nishimura and Kawamoto, 2003; Beck et al.,
2018). Regulatory forbearance may also give opportunities to
weak banks, which in turn may lead to the emergence of zombie
firms (Okamura, 2011). That is to say, under-capitalized banks do
not have to worry too much about being penalized by the
authorities for the bad loans, thus they prefer to roll over
loans to inefficient firms (Storz et al., 2017; Schivardi et al.,
2022). Subsidization programs enacted by the government
may also serve as a breeding ground for zombie firms. To
maintain stability, the government routinely provides financial
and other resources to enterprises facing bankruptcy through
various subsidy programs, thereby assisting these enterprises in
surviving in the market (Jaskowski, 2015). In general,
accommodating policies boost the confidence of banks in the
resurrection of zombie firms and thus influence the proper
utilization of bank loans (White, 2012). Meanwhile, such
policies reduce the difficulty and cost of enterprise financing,
further guaranteeing the survival of unproductive firms (Borio
and Hofmann, 2017). The internal causes of firms’
“zombification” are their lack of comparative advantages and

low operating efficiency. Shen and Chen (2017) found through
the study of energy mining and manufacturing enterprises that
low operating efficiency is the main reason for enterprises to
become zombies. They also proposed that factor endowment
advantage and technological comparative advantage can explain
the appearance of zombie firms; that is, enterprises that do not
conform to the comparative advantage have a greater chance of
becoming zombie firms.

The prevalence of zombie firms has been proved to have a
multifaceted impact on the macro-economy. In recent years,
there has been an upsurge in studies assessing the impact of
zombie firms, with the research viewpoint mostly focusing on
market congestion and aggregate growth challenges. According to
the study by Caballero et al. (2008), zombie firms that are unable
to exit from the market smoothly may be the primary cause of
market congestion and the loss in aggregate productivity in Japan.
According to some research findings, the higher the ratio of
zombie firms, the lower the efficiency of capital redistribution
(Tan et al., 2016; Adalet McGowan et al., 2018; Gouveia and
Osterhold, 2018; Andrews and Petroulakis, 2019). Zombie
congestion is becoming a common obstacle for young firms to
enter the market. This is because the existence of zombie
enterprises causes market congestion, distorts the normal
competition mechanism, and increases the likelihood that
normal enterprises will encounter resource constraints (San-
Jose et al., 2022). In addition, the presence of zombie
congestion may also have a hindering effect on the progress
and upgrading of efficient enterprises in the market (Adalet
McGowan et al., 2018). Job losses and lower profitability may
also be caused by zombies. The studies of Arrowsmith et al.
(2013) and Adalet McGowan et al. (2018) show that zombie
congestion increases the resource limitations encountered by
healthy firms, diminishes the efficiency of resource
reallocation, and consequently reduces the overall productivity
of society. Evidence from China also supports this point. Huang
et al. (2021) confirmed that the prevalence of zombie firms
squeezed the marginal return of factors and increased the
marginal cost of input factors of normal firms, thereby
significantly reducing the TFP level at the industry level. Li
et al. (2021) analyzed the impact of zombie enterprises on the
four sources of total TFP growth and verified that zombie
enterprises can adversely affect TFP growth by hindering
technological progress and deteriorating resource allocation.
Furthermore, as a very inefficient category of enterprises,
zombie firms are not only unproductive, but also have a
certain degree of contagiousness (Ahearne and Shinada, 2005;
Hoshi, 2006). Namely, the existence of zombie firms may result in
the transition of healthy companies with which they collaborate
into zombie enterprises as well.

As a result, a decrease in the number of zombies is predicted to
result in significant economic benefits. The focus of the discussion
on zombie firm disposal strategy is mostly on three aspects:
enterprise revival, government policy, and firm exit.
Downsizing has been proved to be an effective way to revive
zombie firms (Fukuda and Nakamura, 2011). However, the
implementation of scaling down (or restructuring) necessitates
two important prerequisites: improved bank supervision and the
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perfection of the bankruptcy restructuring system (Nakamura,
2017; Andrews and Petroulakis, 2019). Effective restructuring
policy, like debt restructuring, and reduction of corporate
restructuring barriers will also help zombie firms back to good
financial health and promote their recovery (Adalet McGowan
et al., 2018; Carreira et al., 2021). For developing countries,
governments should utilize the appropriate “helping hands” to
assist healthy enterprises with the potential to develop further
based on market-oriented principles, so as to gradually dispose of
the problems of zombie firms. Government intervention, such as
financial support for zombie firms and preferential industrial
policies in the name of boosting the economy, must be reduced
(Han et al., 2019; Geng et al., 2021). In conclusion, an efficient
zombie firm screening mechanism, a bankruptcy procedure that
promotes redistribution, and the appropriate government
intervention mechanism will aid in the alleviation of the
zombie firm problems.

To summarize, zombie firms as an important issue in the
sustainable development of industry have aroused widespread
concern. The research results of Caballero, Hoshi, and Kashyap
were seminal, laying the groundwork for the research related to
zombie firms (Caballero et al., 2008). Academics have conducted
talks in many directions on this premise. However, as Imai
pointed out, the majority of these studies have been conducted
based on the data of stock exchange-listed companies, implying
that they exclusively focus on zombie problems among large
enterprises (Imai, 2016). The fact is that small and medium-sized
enterprises (SMEs) account for a sizable portion of the Yangtze
River Delta Urban Agglomerations and even in all other
economies (Wang and Wu, 2011; Luo et al., 2018).
Furthermore, practically all existing research on Chinese
zombie firms is based on provincial-level data, and no relevant
study on zombie firms exists in China’s special economic regions.
Given this, these two major deficiencies will be remedied by our
research.

3 DATA AND IDENTIFICATION STRATEGY

3.1 Data Source
The data used in this paper are all from the China City Statistical
Yearbook, the China Statistical Yearbook on Environment, and
the Chinese Industrial Enterprise Database over the period
2003–2013. The reliability of the data in 2010 is poor due to
the excessive number of missing values in the Chinese Industrial
Enterprise Database. To ensure that our findings and conclusions
are based on normal data, we exclude the data of 2010 and treat
the remaining years as consecutive years. The Chinese Industrial
Enterprises Database includes all manufacturing enterprises
(above scale)1 in mainland China with different types of
ownership. This database contains the basic information,
financial data, and production and sales of almost all

enterprises in China’s manufacturing industry, and is one of
the most commonly used databases in China. Since the national
economic industry classification standards in China have
changed, we unified the four-digit industry classification of the
national economy according to the relevant standards in the
process of data processing2. Although the Chinese Industrial
Enterprises Database is one of the most commonly used
databases in China, its initial data has the characteristics of
chaotic matching, missing indexes, and abnormal indexes.
Therefore, this paper refers to a set of more rigorous
processing methods provided by Brandt et al. (2012) for the
Chinese Industrial Enterprises Database and processes the data
from the Chinese Industrial Enterprises Database from 2003 to
2013. Based on running Brandt code, the manual method is used
again to cross-match the enterprise code, enterprise name, legal
person name, and enterprise address. The missing and wrong
samples, such as the start year and the number of employees, are
all corrected. Considering the problems of misstatement and
understatement of data, this paper refers to the current
accounting standards to eliminate data that is abnormal and
do not meet the accounting standards. 1) Lack of important
financial indicators (e.g., total assets, total liabilities, total fixed
assets, total profits, capital received, number of employees, etc.).
2) Do not comply with current Generally Accepted Accounting
Principle (GAAP), such as total current assets are greater than
total assets, total fixed assets are greater than total assets, profit
margin of total assets are greater than 1, paid-in capital is less than
or equal to 03, etc., 3) Eliminate enterprises with less than 20
employees (small and micro enterprises4 with too few employees
often have imperfect accounting systems and their data quality is
difficult to control). 4) Repetitive year matching with the
enterprise code. In light of this, city-level control variables are
matched to the Chinese Industrial Enterprises Database, utilizing
the city’s four-digit codes and years as matching tools. As a result,
a total of 763,152 unbalanced panel data sets were obtained.

3.2 Identification Strategy of Zombie Firms
There are various ways to identify zombie enterprises. For
example, Mohrman and Stuerke regard negative equity
companies as the most extreme type of zombie firms
(Mohrman and Stuerke, 2014). The most commonly used
measurement methods of zombie firms are the CHK method
and the NH-CHK approaches. Caballero et al. (2008) introduced
the classic CHK standard in 2008, which detects zombie firms
based on their interest expenses. Specifically, firms with actual net

1The standard of above scale has changed. Specifically, the standard before 2011
was more than five million yuan of main business income, and after 2011 changed
to more than 20 million yuan of main business income

2The national economic industry classification was revised in 2002 and 2011.
Combined with GB/T 4754–1994 national economic industry and code and GB/
T4754-2002 national economic industry and code, this paper unified the four-digit
industry classification of national economy
3China began to implement the subscription system of registered capital in 2014,
allowing registered capital to be gradually in place in several years. The paid-in
capital system before 2014 requires the registered capital to be in place once in the
current period. This paper selects the data from 2003–2013, so the paid-in capital
shall not be less than or equal to 0
4China defines industrial enterprises with fewer than 20 employees as small and
micro enterprises
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interest expenses of less than the minimum required net interest
expenses are defined as zombie firms. To remedy the defects of
the CHK method by using the preferential loan as the only
condition, Fukuda and Nakamura (2011) established FN-CHK
standards by adding profitability and evergreen loan indicators.
Although the CHK method and FN-CHK method are commonly
used to identify zombie firms in the world, these two methods do
not apply to the Chinese Industrial Enterprise Database. That is
because indicators required by these two standards such as long-
term loans, short-term loans, corporate bonds and loan interest
rates are not disclosed in the Chinese Industrial Enterprise
Database. According to the identities of the Chinese Industrial
Enterprise Database, several methods of zombie enterprise
identification, such as the official standard, the actual profit
method, and the over-borrowing method, are proposed. The
official standard is formulated by the State Council of China.
The enterprises that do not have competitiveness and
profitability, occupy resources inefficiently, do not meet the
relevant national standards, and have continuously lost for
more than 3 years are identified as zombie enterprises
(i.e., continuous loss method). Although the continuous loss
method is simple and clear, it does not take into account the
situation that enterprises cannot make ends meet in the initial
stage of establishment, and it is easy to mistakenly identify the
enterprises in the initial stage as zombie enterprises. Therefore,
we propose the identification method of this paper based on the
excessive lending method and the actual profit method. In order
to easily and accurately identify zombie enterprises, we identify
industrial enterprises that meet the following conditions as
zombie firms: 1) Asset-liability ratio greater than 50%. The
asset-liability ratio represents the ability of a company to carry
out commercial activities with the cash or other assets granted by
creditors and is also an essential indicator reflecting the degree of
loan security provided by creditors. In accounting practice, a high
asset-liability ratio is usually regarded as a signal of danger in
enterprise operations. At the same time, the high asset-liability
ratio is also in line with the characteristics of the “high debt” of
zombie firms. 2) Actual profit less than 0. In this paper, the actual
profit is defined as the total profit minus the income tax payable,
so as to eliminate the influence of taxes and fees paid in advance
on the actual profit and to reflect the operating status and
solvency of the enterprise. Lack of profitability is an important
criterion. The actual profit is less than 0, which means that the
enterprise is suffering a loss, which is in line with the
characteristics of zombie firms mentioned above. 3) Age of
enterprise is 8 years or above. It is necessary to separate early-
established enterprises in zombie enterprise identification to
reduce the false identification rate. China’s manufacturing
businesses have an average lifespan of 8 years. Therefore, we
set the criteria for the enterprise older than 8 years, that is,
focusing on the enterprises that have outlived regional average
age (and left the growth period), to avoid misidentifying the
enterprises at the initial stage of establishment, with high debt
ratio or poor operating income as zombie firms, and avoiding
data loss caused by factors such as enterprise merger and split. 4)
Current year liabilities increased compared to the previous year.
Increasing liabilities indicates a growth in loans taken by

enterprises, which is consistent with the characteristics of
zombie firms receiving a bank-provided blood transfusion. In
summary, this paper identifies the industrial enterprises with high
asset-liability ratios, weak solvency, increasing liabilities, and
separated from the founding period in the Yangtze River Delta
Urban Agglomerations as zombie firms.

3.3 Characteristics of Zombie Firms
In this section, we investigate the features of zombie firms in the
Yangtze River Delta Urban Agglomerations from five aspects.
First, we report the time-varying trend of the ratio of zombie
firms in this region from 2003 to 2013. Figure 1 shows the results
of the proportion of zombie firms under different weighting
methods. The blue line indicates the proportion of zombie
firms weighted by debt, the green line indicates the proportion
of zombie firms weighted by sales, the red line indicates the
proportion of zombie firms weighted by assets, and the orange
line indicates the proportion of zombie firms in the total number
of industrial enterprises. From a general perspective, the average
share of zombie firms (quantitative proportion) is 3.36% during
the sample period (2003–2013). From the perspective of the time
dimension, the share of zombie firms in the Yangtze River Delta
Urban Agglomerations decreased gradually before 2008 and rose
significantly in 2008, which may be caused by the Financial Crisis
in 2008. With the introduction of the four-trillion economic
stimulus plan, the share of zombie firms fell to a low level by 2011.
However, with the reduction in policy efforts and the slowdown
in economic growth, the proportion of zombie enterprises rose
again after 2011, with the debt-weighted, asset-weighted, and
quantitative ratios being higher than pre-crisis levels, while the
sales-weighted ratio was slightly lower than pre-crisis levels. On
the whole, the quantitative proportion of zombie firms is much
smaller than its debt-weighted share, asset-weighted share, and
overall larger than its sales-weighted share, which indicates that
the zombie firms in the Yangtze River Delta Urban
Agglomerations in this period occupy a large number of

FIGURE 1 | Proportion of zombie firms in the Yangtze River Delta Urban
Agglomerations from 2003 to 2013.
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resources, builds up debts but fails to generate corresponding
income. That is to say, the operating conditions of zombie firms
have deteriorated, and the elimination of zombie firms is a matter
of concern.

Second, we show the regional characteristics of zombie firms
from 2003–2013. Figure 2 shows the proportion of zombie
enterprises in different regions away from the regional
economic center (Shanghai). We selected Shanghai as the
economic center of the Yangtze River Delta Urban
Agglomerations and divided the 26 cities into five groups
according to an interval of 100 km. Among them, 0–100 km
includes Shanghai, Suzhou, Nantong, and Jiaxing; 100–200 km
including Wuxi, Changzhou, Hangzhou, Ningbo, Shaoxing,
Huzhou, Zhoushan; 200–300 km includes Nanjing, Zhenjiang,
Yancheng, Yangzhou, Taizhou (3212), Jinhua, Taizhou (33105),
Wuhu, Ma ‘anshan, Xuancheng; 300–400 km including Tongling,
Chuzhou, Chizhou; 400–500 km includes Hefei and Anqing. The
blue line indicates 0–100 km, the red line indicates 100–200 km,
the green line indicates 200–300 km, the orange line indicates
300–400 km, and the yellow line indicates 400–500 km. Overall,
the ratio of zombie firms in different distances decreased
gradually before 2008, which is consistent with the trend
reported in Figure 1. After 2008, however, the proportion of
zombie firms in each group exhibited divergent trajectories.
Specifically, the proportion of zombie firms in cities within
200 km increased and subsequently decreased after 2008,
corresponding with the trend depicted in Figure 1, but the
proportion of zombie firms in cities beyond 200 km decreased.
In addition, before 2008, the proportion of zombie firms in cities
more than 300 km was significantly greater than in cities less than
300 km. After 2008, the proportion of zombie firms in cities
within 200 km was significantly greater than that in the other
three groups of cities. This may be due to the fact that, as a result
of the Financial Crisis, less developed cities located far from the
economic center are unable to continue providing financial
support for zombie firms, causing some zombie firms to
withdraw from the market and thereby reducing the
proportion of local zombie firms.

Third, the cross-industry features of zombie firms in this
region are examined. Industries in the Yangtze River Delta
Urban Agglomerations are divided according to the two-digit
codes of the manufacturing industry. Based on the two-digit
industry code, Table 1 presents the results of the three industries

with the highest and lowest proportion of zombie firms. On the
whole, the proportion of zombie firms in the Yangtze River Delta
Urban Agglomerations from 2003 to 2013 was the highest in
beverage manufacturing, production and supply of gas, and
production and supply of water, which were all above 5.14%.
In the production and supply of water industries, the proportion
of zombie firms even approached 10%. This might be attributable
to regional demand factors and employee protection legislation.
The industries with the lowest proportion of zombie firms are
tobacco processing, oil, and gas extraction, timber processing, and
wood, bamboo, cane, palm, fiber, and straw product
manufacturing, which are all below 3.1%. The tobacco
processing industry has the lowest proportion of zombie firms
among all these industries. This characteristic is also congruent
with the real situation, since tobacco products, which are very in-
demand and addictive, have a reasonably steady demand
throughout the Yangtze River Delta and the entire nation.
Therefore, it is difficult for tobacco-related businesses to go
insolvent and lose productive vitality. In terms of industry
dimension, zombie firms have obvious industry characteristics,
which are consistent with the industrial characteristics of the
Yangtze River Delta region, proving that disposing of zombie
firms is an important measure to solve the problem of
overcapacity.

Fourth, we analyze the ownership characteristics of zombie
firms in the region from 2003–2013. Enterprises in the Yangtze

TABLE 1 | The three industries with highest and lowest proportion of zombie firms.

Level Two-digit industry

Top 3 Beverage manufacturing
Production and supply of gas
Production and supply of water

Bottom 3 Tobacco processing
Oil and gas extraction
Timber processing and wood, bamboo, cane, palm, fiber, and straw product manufacturing

FIGURE 2 | Proportion of zombie firms in different intervals from the
economic center.

5Two different cities with the same pronunciation, distinguished by a four-digit
city code

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 8960366

Wang et al. The Role of Zombie Firms

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


River Delta Urban Agglomerations are divided into SOEs and
non-SOEs according to their types of ownership. The proportion
of zombie firms is calculated, respectively and the results are
shown in Figure 3. From the proportion of the two types of
enterprises in the total number of enterprises in the region, the
share of state-owned zombie firms is much lower than that of
non-state-owned zombie firms. Among them, the average
proportion of state-owned zombie firms is only 0.17%, while
the average proportion of non-state-owned zombie firms is
3.19%. From the perspective of time trend, similar to the trend
depicted in Figure 1, the share of non-state-owned zombie firms
had a fall followed by an increase. On the other hand, there is a
progressive drop in the share of state-owned zombie firms, which
may be tied to China’s state-owned enterprise reform.

Finally, we analyze the scale characteristic of zombie firms in
the Yangtze River Delta Urban Agglomerations. According to the
Notice on Printing and Issuing Standards for Small and Medium-
sized Enterprises6, all enterprises are divided into two groups
based on the number of employees: SMEs and non-SMEs. Our
data shows that the number of SMEs accounts for 97.3% of the
total number of industrial enterprises in the Yangtze River Delta
Urban Agglomerations. We also show the proportions of the two
scales of zombie firms in Figure 4. As can be seen from the figure,
the proportion of small and medium-sized zombie firms is
significantly higher than that of non-small and medium-sized
zombie firms. Specifically, small and medium-sized zombie firms
accounted for 3.26% of all industrial enterprises on average, while
non-small and medium-sized zombie firms accounted for only
0.1% of all industrial enterprises on average. From the perspective
of time trend, the proportion of small and medium-sized zombie
firms shows a fall followed by an increase, which is consistent
with the trend reported in Figure 1. Although it can be seen from

the figure that the proportion of non-small and medium-sized
zombie enterprises is relatively stable, the specific data shows that
its changing trend is consistent with the trend in Figure 1.

4 BENCHMARK MODEL AND EMPIRICAL
RESULTS

4.1 Benchmark Model
The biggest feature of zombie firms is that they absorb a large
amount of capital investment but cannot convert it into profits and
output. The crowding of resources by inefficient enterprises means
that other normal enterprises can get few resources. That is, the
production activities of normal enterprises will be restricted, and
investment expansion will be inhibited. Therefore, in the benchmark
regression, we hope to verify whether the presence of zombie firms in
the economically active Yangtze River Delta urban Agglomerations
has squeezed out the investment of non-zombie firms. The specific
measurement model settings are as follows:

Investmentfct � α0 + βZombiect + γControlfct + δ1Dt + δ2Dc

+ δ3Di + εfct

Where c is the city, i is the industry, f is the enterprise, and t is the
year. The explained variable (i.e., the dependent variable of this
paper) Investmentfct is the main object of this paper. It
represents enterprise investment and is measured by the log
form of enterprise fixed assets. The independent variable
Zombiect represents the degree of zombification of urban
enterprises. This study uses the proportion of zombie firms
weighted by debt in the city where the enterprise is located to
measure it, and the coefficient β before the variable is used to
reflect the impact of zombie firms on investment in non-zombie
firms. Dt, Dc and Di are the year fixed effect, the city fixed effect,
and the industry fixed effect. εfct is the error term.

In order to minimize the bias of empirical results, this paper
selected multiple variables as control variables. The control

FIGURE 3 | Proportion of zombie firms of two types of ownership in total
number of enterprises.

FIGURE 4 | Proportion of zombie firms of two scales in total number of
enterprises.

6The standard was issued in 2011 to replaceMeasures on the Classification of Large,
Small and Medium-sized Enterprises in Statistics (Interim) issued by the National
Bureau of Statistics in 2003
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variable Controlfct contains enterprise-level variables and city-
level variables selected in this paper. The enterprise-level control
variables are as follows: 1) Age of enterprises (Age), representing
the establishment period of enterprises. 2) Return on total assets
(Profitability), which represents the influence of enterprise
profitability on enterprise investment. The city-level control
variables are as follows: 1) The density of pollution emission
(Pollute). Ecologically, the pollutants discharged by industrial
enterprises into the environment are collectively referred to as
“three wastes.” which contain information from three
dimensions: gaseous, liquid, and solid (Sun et al., 2021, 2020).
To consider the pollution information from the three dimensions
comprehensively, this study adopts the entropy weighting
method to reduce the dimensionality of the three indicators of
industrial waste gas emissions, industrial wastewater emissions,
and industrial waste solids emissions, and then takes the
logarithm processing to obtain a composite indicator to
evaluate the pollution emission density of the city.

Pollute � ln⎛⎝∑
j

Wj,tγj,t + 1⎞⎠
Where,Wj,t is the entropy weight of the pollutant j calculated by
the entropy weight method, measured by the relative information
utility of the dimension overall dimensions. γj,t is the pollutant j
after dimensionless treatment.

2) Population density (PD), measured by logarithmic form,
represents the scale of the consumer market. 3) The proportion of
the non-agricultural population (Urbanization), representing the
degree of urbanization. 4) The GDP share of the tertiary
industries (Structure), representing the industrial structure of
each city. Adjustment and optimization of industrial structures
may assist in industrial sustainable development. 5) Total credit/
GDP (Credit). The credit scale represents the intensity of
financial macro-control. 6) Local budget expenditure/GDP
(Expenditure), representing the basic financial expenditure of
the local government. 7) Total export-import volume/GDP
(Trade), representing the trade openness of the city. 8)
Foreign direct investment/GDP (FDI), representing the
utilization of foreign capital. The descriptive statistical results
of the main variables are shown in Table 2. Each variable has
passed the test for multicollinearity. The results are shown in
Table 3 below.

4.2 Empirical Results
In order to avoid endogenous problems as far as possible, we add
a variety of control variables to the benchmark regression and use
non-zombie firm samples for regression to reduce the impact of
missing variables or reverse causal problems. The benchmark
regression results are shown in Table 4. Columns (1) and (2)
show the regression results of incorporating enterprise-level
control variables and city-level control variables, respectively.
The city fixed effect, industry fixed effect and year fixed effect are
all controlled. Column (3) shows the results after adding all
control variables and controlling only year fixed effect. Column
(4) shows the results after adding all control variables and
controlling city fixed effect, industry fixed effect, and year
fixed effect. It can be seen from Table 4 that the proportion of
urban zombie firms (weighted by debts) shows a significantly
negative impact on the investment of local non-zombie
enterprises in all regressions. That is, the greater the
proportion of urban zombie firms, the less investment local
non-zombie enterprises get. Column (4) of regression results
shows that when the year, industry, city fixed effect, and other
factors are controlled constant, the proportion of urban zombie
firms increases by one percentage point, and the investment of
non-zombie firms decreases by 22.9%. At the same time, the
coefficient symbol before the variable representing the pollution

TABLE 2 | Descriptive statistics of main variables.

Variable Obs Mean Std. Dev Min Max

Investment 763,152 0.2956 0.1935 0 1
Proportion of Zombie Enterprises 763,152 0.0477 0.0387 0.0013 0.5198
Pollute 763,152 0.306 0.209 0 0.693
Age 763,152 9.894 8.203 1 209
Profitability 763,152 0.0790 0.132 −0.173 0.710
PD 763,152 6.695 0.590 5.231 8.245
Urbanization 763,152 0.457 0.234 0 0.901
Structure 763,152 0.408 0.0690 0.234 0.604
Credit 763,152 1.217 0.510 0.455 2.578
Expenditure 763,152 0.130 0.0530 0.0520 0.283
Trade 763,152 0.121 0.0880 0.0040 0.372
FDI 763,152 0.0070 0.0030 0 0.0240

TABLE 3 | Results of the test for multicollinearity.

Variable VIF

Proportion of Zombie Enterprises 1.200
Pollute 7.840
Age 1.020
Profitability 1.050
PD 3.030
Urbanization 2.700
Structure 3.810
Credit 3.540
Expenditure 1.300
Trade 4.900
FDI 1.680
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emission density is the same as the coefficient symbol of the
proportion of zombie firms (weighted by debts). Zombie firms
tend to be concentrated in highly polluting industries, so the
higher the pollution density, the more significant the extrusion
effect of zombie firms on the investment of normal firms, which is
in line with our expectations. The coefficient of foreign direct
investment is significant and positive. To achieve its goal of
stimulating the local economy, the government is likely to
bring in large amounts of foreign investment. As a result, the
injection of foreign capital can provide necessary funds for
enterprises, thus promoting the development of enterprises.

4.3 Robustness Test
This section tests the robustness of our results 1) by employing
another alternative definition of enterprise investment; 2) by
unifying the statistical caliber of the sample 3) by calculating
the proportion of zombie firms under a different identification
strategy; 4) by replacing the proportion of zombie firms with
different weighting methods. Regarding the first test, an index is
used to replace the original dependent variable. According to
current accounting standards, the ratio of fixed assets to total
assets can be regarded as a substitute variable for enterprise
investment. Column (1) of Table 5 shows the regression
results. Second, the statistical caliber of the samples was
unified. As the statistical caliber of the Chinese Industrial
Enterprises Database changed from main business revenue of

over RMB five million to over RMB 20 million in 2011, we
conducted robustness tests on a sample of all data with main
business revenue of over RMB 20 million from 2003 to 2013.
Column (2) of Table 5 shows the results after unifying the
statistical caliber. Third, to identify zombie firms, another
strategy is employed. According to the Theory of Corporate
Lifecycles, the creation and expansion of an enterprise usually
take place in a long-range cycle of 12 years. To this end, the
identification strategy of zombie firms is changed. We use debt
ratios higher than 70% and the age of enterprises greater than 12
to replace the original identification conditions, and recalculate
the proportion of zombie firms (debt-weighted) to conduct
robustness checks. The results are shown in Column (3) of
Table 5. Fourth, the proportion of zombie firms weighed by
assets is used to replace the debt-weighted ratio. The results are
shown in Column (4) of Table 5. The coefficient symbols before
the key variables representing the proportion of zombie
enterprises and other control variables are completely
consistent with the benchmark regression, which proves that
our research results are held.

4.4 Instrumental Variable Test
To avoid the endogeneity problems caused by omitted variables,
we incorporated as many control variables as possible into the
benchmark regression. However, reverse-causality problems may
also result in endogenous bias. Using instrumental variables in

TABLE 4 | The impact of zombie firms on private investment.

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

Zombie −0.309*** −0.219*** −0.224*** −0.229***
(0.040) (0.043) (0.043) (0.043)

Pollute −0.177*** −0.180*** −0.173***
(0.046) (0.046) (0.046)

Age 0.001*** 0.002*** 0.002***
(0.000) (0.000) (0.000)

Profitability 0.025* −0.060*** −0.061***
(0.013) (0.014) (0.014)

PD −0.540*** −0.551*** −0.550***
(0.018) (0.017) (0.018)

Urbanization 0.205*** 0.206*** 0.209***
(0.013) (0.013) (0.013)

Structure −0.636*** −0.636*** −0.637***
(0.046) (0.045) (0.046)

Credit 0.089*** 0.084*** 0.085***
(0.017) (0.017) (0.017)

Expenditure 0.820*** 0.838*** 0.822***
(0.064) (0.063) (0.064)

Trade 1.733*** 1.750*** 1.735***
(0.100) (0.100) (0.100)

FDI 10.193*** 10.522*** 10.431***
(0.805) (0.804) (0.806)

Year FE YES YES YES YES
City FE YES YES NO YES
Industry FE YES YES NO YES
_cons 8.248*** 11.854*** 11.575*** 11.915***

(0.572) (0.588) (0.124) (0.589)

N 763,152 763,152 763,152 763,152
R2 0.050 0.056 0.056 0.056

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 5 | Regression results of robustness test.

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

Zombie −0.023*** −0.206*** −0.259*** −0.933***
(0.005) (0.054) (0.052) (0.064)

Pollute 0.006 0.008 −0.174*** −0.095**
(0.006) (0.059) (0.046) (0.046)

Age −0.000*** 0.001** 0.002*** 0.002***
(0.000) (0.001) (0.000) (0.000)

Profitability 0.001 −0.079*** −0.061*** −0.067***
(0.002) (0.018) (0.014) (0.014)

PD −0.045*** −0.591*** −0.554*** −0.536***
(0.002) (0.023) (0.018) (0.018)

Urbanization 0.023*** 0.206*** 0.208*** 0.208***
(0.002) (0.016) (0.013) (0.013)

Structure 0.037*** −0.374*** −0.629*** −0.723***
(0.006) (0.055) (0.045) (0.046)

Credit −0.042*** −0.029 0.080*** 0.132***
(0.002) (0.023) (0.017) (0.017)

Expenditure 0.185*** 0.828*** 0.824*** 0.661***
(0.008) (0.082) (0.064) (0.064)

Trade 0.108*** 2.172*** 1.755*** 1.710***
(0.012) (0.128) (0.100) (0.100)

FDI 0.913*** 11.602*** 10.450*** 11.124***
(0.098) (1.127) (0.807) (0.808)

Year FE YES YES YES YES
City FE YES YES YES YES
Industry FE YES YES YES YES
_cons 0.603*** 12.081*** 11.938*** 11.754***

(0.072) (1.000) (0.589) (0.588)

N 763,152 490,330 763,152 763,152
R2 0.036 0.038 0.056 0.057

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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regression is a typical method for addressing omitted variables
and reverse-causality problems. To satisfy the correlation and
exogeneity requirements of the instrumental variables, this paper
refers to Nunn and Qian, constructs the instrumental variable as
the proportion of SOEs in the current year multiplied by the
national SOEs’ asset-liability ratio in the previous year, and
employs the GMM method to address the endogeneity issue
(Nunn and Qian, 2014). In particular, the asset-liability ratios of
SOEs nationwide are from the Finance Yearbook of China.
Table 6 displays the regression results for the instrumental
variable method. The coefficient before the proportion of
zombie firms is significantly negative. Meanwhile, the value of
the Cragg-Donald Wald F Statistic is greater than the stock-Yogo
weak ID test critical values at the 10% level, which proves that
there is no weak instrumental variable problem. In other words,
the benchmark regression result of this paper is still consistent
after considering the endogeneity problem.

4.5 Heterogeneity Tests
At the pillar of the national economy, state-owned enterprises
shoulder the important tasks of economic development and
maintaining social fairness and stability, and they are always
criticized for their privileges on bank loans, investment and
financing, government subsidies, and so on (Dai et al., 2019).
In other words, state-owned enterprises usually have a greater
advantage in accessing resources than non-state-owned
enterprises. Therefore, the proportion of state-owned
enterprises weighted by total assets is used to represent the
share of the urban state-owned economy and is categorized
according to its mean value. Column (1) and Column (2) of
Table 7 show the ownership structure differences of the
benchmark regression. The results show that zombie firms
have a significantly negative impact on enterprise investment
in areas with a high proportion of state-owned economies, while
zombie firms have no significant impact on enterprise investment
in areas with a low proportion of state-owned economies, which
is consistent with our prediction.

To further demonstrate the locational differences in the
impact of zombie firms on enterprise investment, we divided

the 26 cities into a near-central group and a far-central group with
a boundary of 300 km according to the distance grouping in
Section 3.3. Column (3) and Column (4) of Table 7 show the
regression results of locational differences. The effect of zombie
firms on enterprise investment is significantly negative in cities
close to the economic center, while it is not significant in cities far
from the economic center. This may be due to the fact that
Shanghai, as an economically developed first-tier city, has a
certain radiation effect on neighboring cities. Therefore, the
investment behavior of enterprises in cities closer to Shanghai
will be more sensitive to the presence of zombie firms.

4.6 The Impact Mechanism of Zombie Firms
on Enterprise Investment
4.6.1 Test for the Mechanism of Carbon Intensity
Effect
As a developing country, China’s existing energy mix is highly
dependent on fossil energy sources such as coal due to its limited
level of economic development and therefore inevitably has high
carbon emissions. At present, few studies have combined carbon
emissions with the problem of zombie enterprises, but zombie
firms are clearly related to carbon emissions. Therefore, this paper
innovatively analyzes carbon emission intensity as one of the

TABLE 6 | Regression results of instrumental variable method.

Investment

Zombie −22.146***
(5.032)

Control Variables YES
Year FE YES
City FE YES
Industry FE YES
_cons −7.548**

(3.649)

Cragg-Donald Wald F statistic 170.010

Stock-Yogo weak ID test critical values (10%) 16.38

N 763,152
R2 0.012

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 7 | Regression results of heterogeneity tests.

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

Zombie −0.180*** 0.164 −0.183*** 0.035
(0.067) (0.072) (0.046) (0.150)

Control variables YES YES YES YES
Year FE YES YES YES YES
City FE YES YES YES YES
Industry FE YES YES YES YES
_cons 11.393*** 11.169*** 11.503*** 0.958

(0.714) (1.109) (0.875) (3.247)

N 379,494 383,658 732,497 30,655
R2 0.086 0.022 0.056 0.081

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 8 | Regression results of carbon intensity effect.

Dependent variable Investment Carbon emission Investment

(1) (2) (3)

Zombie −0.229*** −0.128*** −0.123***
(0.043) (0.001) (0.044)

Carbon Emission 0.829***
(0.067)

Control variables YES YES YES
Year FE YES YES YES
City FE YES YES YES
Industry FE YES YES YES
_cons 11.915*** 2.859*** 9.545***

(0.589) (0.012) (0.619)

N 763,152 763,152 763,152
R2 0.056 0.960 0.056

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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mechanisms by which zombie firms affect enterprise investment.
This study first calculates the carbon dioxide emissions of each
city by referring to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories and then uses the logarithm of
carbon emissions of prefecture-level cities to represent the
carbon emission intensity. The regression results of the
mediation effect model show that the coefficients before
carbon emission and investment are all significant, which
proves that there is a partial mediation effect of carbon
emission. In Column (3) of Table 8, the opposite signs of the
coefficients before zombie firms and carbon emission indicate a
suppressing effect of carbon emission. This may be due to the fact
that zombie firms are usually concentrated in highly polluting
manufacturing industries, and their presence exacerbates carbon
emission intensity. Enterprises are increasing their investment in
energy conservation and emission reduction to meet national
policies, which in turn hinders normal investment behavior.

4.6.2 Test for the Mechanism of Competitive
Weakening Effect
Zombie firms absorb large amounts of resources but fail to
generate corresponding economic benefits, so their existence
disrupts normal market competition. This paper takes the
Herfindahl Index as the degree of competition in the market,
based on the sales of double-digit industries. The regression
results in Table 9 show that the competitive weakening effect
is one of the mechanisms that leads to a disincentive effect of
zombie firms on business investment. Zombie firms, as low-
efficiency enterprises that should have withdrawn from the
market but survive for various reasons, weaken the normal
market competition and make high-quality enterprises unable
to occupy the market, thus affecting the investment behavior of
enterprises.

CONCLUSION AND DISCUSSION

This study reveals that even in the economically developed region
such as the Yangtze River Delta Urban Agglomerations, zombie

firms still exist. In this region, the share of small and medium-
sized zombie firms is much higher than that of non-small and
medium-sized zombie firms. From 2003 to 2013, although
zombie firms accounted for a relatively low proportion in the
region, the negative impact on normal enterprises was very
obvious, which significantly squeezed out the investment of
non-zombie enterprises. Even after considering multiple
control variables, robustness checks, and endogeneity
problems, the results are still hold. In addition, our study
considers, for the first time, the association of zombie firms
with the green economy. Not only do we build pollution
emission intensity indicators as control variables using the
entropy method in the benchmark regression, but we also
include carbon emission indicators in the mechanism analysis,
innovatively viewing zombie firms as a link between the economy
and the environment. Therefore, accurately identifying zombie
firms and properly dealing with zombie firms can help improve
the investment level of enterprises, optimize the efficiency of
resource allocation, and promote the sustainable development of
regional economy. Accordingly, the government and academia
should start working on several aspects at the same time to
promote the solution for zombie firms.

At present, there is still no accurate identification method for
zombie firms, so it is still a problem worthy of continuous
attention. It is not appropriate to use the “government hand”
to define the standard in actual zombie firm treatment measures,
forcing enterprises to withdraw from the market. We need to
combine the actual situation in China and the data characteristics
of the database to explore a more practical and accurate
identification method based on the existing identification
methods of zombie firms. Accurate identification of zombie
firms is not only helpful to the accuracy of theoretical research
results but also helps with the implementation of relevant
government policies. The research of this paper has also made
a new attempt on the identification method of zombie firms, but
obviously, this identificationmethod also has some shortcomings,
so a more stable identification method is also one of the future
research directions of this paper.

The government also needs to consider two aspects when
formulating relevant policies. On the one hand, existing studies
have pointed out that banks are unwilling to generate bad debts
under certain regulatory standards, which may be one of the
causes of zombie firms, but the core issue may be that the
government has too strong intervention ability in resource
allocation. Under the special political system of China,
government policy favoring state-owned enterprises has always
existed in the past. Therefore, the market-oriented reform of
state-owned enterprises and financial system should be promoted
at the national level, and the policy direction should be adjusted to
block the formation of zombie firms. On the other hand, zombie
firms cannot be disposed quickly and smoothly, which may have
become an important factor affecting the conversion of old and
new kinetic energy in China. The enterprises that have lost their
competitiveness cannot be withdrawn, and new enterprises are
difficult to form and develop. Even in economically developed
areas like the Yangtze River Delta Urban Agglomerations, cities
far from the economic center are often places with excess capacity

TABLE 9 | Regression results of competitive weakening effect.

Dependent variable Investment HHI Investment

(1) (2) (3)

Zombie −0.229*** −0.119*** −0.230***
(0.043) (0.013) (0.043)

HHI −0.007*
(0.004)

Control variables YES YES YES
Year FE YES YES YES
City FE YES YES YES
Industry FE YES YES YES
_cons 11.915*** −0.445** 11.912***

(0.589) (0.179) (0.589)

N 763,152 763,152 763,152
R2 0.056 0.490 0.056

Standard errors in parentheses; *p < 0.1, **p < 0.05, ***p < 0.01.
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and concentration of zombie enterprises. The extrusion effect of
zombie firms on private investment of normal enterprises found
in this paper provides empirical evidence for this observation.
Therefore, while implementing the policy of “market mechanism
plays a decisive role in resource allocation,” existing zombie firms
must be disposed of by classification. The government can start
from two directions: enterprise-scale and enterprise condition.
First of all, it is necessary to distinguish scale and adopt different
disposal methods according to the characteristics of zombie firms
with different scales. In addition, a distinction should be made
between enterprises that have the potential to “revive” and those
that must exit the market. Some zombie firms are only
temporarily suffering from operational difficulties, and market-
oriented acquisition and merger, debt-equity swaps, and other
means can be adopted to help them out of short-term difficulties.
For those zombie firms that continue to suffer losses and do not
conform to the direction of industrial restructuring, liquidation
and bankruptcy should be carried out as soon as possible.

Our recommendations for future research can be divided
into several directions. First, the pollution emission density
and carbon emission intensity indices involved in this paper
show that the existence of zombie firms not only has a direct
impact on the economy but is also closely related to
environmental issues, which in turn affect the sustainable
development of the region. However, there are few studies
that specifically consider this topic. Therefore, the zombie firm
problem can be linked with the green economy problem in
future studies, and its findings will aid in promoting the
growth of an environmentally friendly economy. Second, a
more accurate zombie firm identification method suitable for
the Chinese Industrial Enterprises Database is also a research
direction worthy of further discussion. The influence of
cyclical factors and enterprises’ factors should be further
distinguished. Due to the influence of industrial policies
and economic cycles, enterprises with the leading
profitability in the industry may also receive credit subsidies
or suffer from operational problems. When the economic cycle
turns better, these enterprises can get out of their difficulties by
themselves and therefore should not be considered as zombie
firms. It is also suggested that further investigations should
eliminate the enterprises in the top 5% or top 10% of ROA in

each industry according to the industry classification
standards of the CSRC to verify whether zombie firms still
have a significant negative impact on non-zombie enterprises
in the Yangtze River Delta after eliminating the impact of
cyclical factors. Third, the Guangdong-Hong Kong-Macao
Greater Bay Area, Beijing-Tianjin-Hebei Region, Chengdu-
Chongqing Economic Circle, and the three provinces of the
northeast are all important economic regions in China.
Consequently, in a future study, it will be necessary to
evaluate the distribution characteristics of zombie firms in
regions with various economic characteristics and discuss their
impact on local non-zombie firms.
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