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Abstract. This study tests how different types of government funding affect the recovery of zombie 
enterprises in the manufacturing sector of China. The results show that funding for production 
and innovation can revive zombie enterprises in expanding industries, while funding for interest 
cannot. Furthermore, funding for production and innovation can share costs, increase investment 
in selling or innovation, and promote the scaling down of businesses through external governance 
effects, helping zombie enterprises to recover. Finally, none of the funding types can revive zombie 
enterprises in contracting industries; these can recover only through access to larger overseas 
markets. 
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Introduction

China’s 2019 gross domestic product growth rate was 6.1%, the lowest since 1990; this in-
dicates that China is attempting to shift from a rapid growth mode to one of high-quality 
development. The government has undertaken interventions and supply-side structural re-
forms aimed at achieving high-quality development. Zombie enterprises are companies with 
poor earnings that survive only through creditor or government protection (Kane, 1987). 
They consume social resources, seriously harm the operations of normal enterprises, and 
hinder supply-side structural reforms in China. Therefore, solving the problem of zombie 
enterprises is crucial for ensuring China’s economic stability. Financial assistance, the main 
instrument of government economic intervention, plays an important role in optimizing the 
allocation of social resources. However, the prevalent outlook maintains that government 
funding that does not match practical corporate needs can turn normal enterprises into 
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zombie enterprises (Song et  al., 2019). Conversely, government funding can play a posi-
tive role in addressing market failures, signaling, and external governance; therefore, it can 
also help zombie enterprises to recover, an issue neglected by existing studies. The present 
study therefore explores whether government funding can revive zombie enterprises; it also 
investigates the impact of different funding types and industry life cycle stages to provide a 
scientific basis for improving policies, to thereby revive zombie enterprises. This approach 
could enable a significant step forward in China’s economic reform.

Previous studies on zombie enterprises have focused on Japanese enterprises in the 
1990s. These studies demonstrated how zombie enterprises harmed the macro and mi-
cro economy using various identification methods (Ahearne & Shinada, 2005; Caballero 
et al., 2008; Peek, 2008). The distribution and causes of China’s zombie enterprises and 
their impact on normal enterprises have been studied since 2016 (Nie et al., 2016; Shen, 
2016; Tan et al., 2016; Huang & Chen, 2017; Jiang & Lu, 2017; Wang & Liu, 2018). Fang 
and Sun (2019), Jiang and Wang (2018), and Jiang et al. (2018) have discussed ways for 
zombie enterprises to recover.

Japanese zombie enterprises are strongly affected by banks. Chinese zombie enterprises, 
however, are more affected by the government, as they receive financial support from both 
the government and state-owned banks (Zhou et  al., 2018). Therefore, investigating how 
government funding impacts zombie enterprises in China is important. Previous studies have 
found that government funding may have helped create Chinese zombie enterprises (Luan 
et al., 2018; Niu & Gao, 2018; Dai et al., 2019; Chang et al., 2020); however, Huang and Guo 
(2019) suggested that raising funding levels could help transform and upgrade state-owned 
zombie enterprises. This shows that the effect of government funding on zombie enterprises 
in China has been explored, but the results are inconsistent. This study, therefore, examines 
this issue from a novel perspective.

First, most studies regarded government funding as a contributing factor for zombie 
enterprises and investigated its static effect using empirical strategies. They ignored the 
potentially positive effect of appropriate funding strategies on zombie-enterprise recovery. 
Therefore, the dynamic recovery mechanisms triggered by government funding remain un-
derexplored; these mechanisms constitute the primary problem considered in this study. 
Second, existing studies have investigated the government funding’s impact on zombie en-
terprises; however, they have not considered differences among government funding types. 
Two exceptions, Luan et al. (2018) and Song et al. (2019), discussed the impact of funding 
for research and development (R&D) and financing. Therefore, this study considers the dif-
ferences in government funding types when investigating the impact of government funding 
on zombie-enterprise recovery. Third, existing literature also focused on government inter-
vention and internal corporate governance; few studies have examined government funding 
along with the industrial demand environment. Whether or not the industry life cycle (the 
expansion and contraction of industrial demand) affects the results of government funding 
is a topic that deserves closer attention. In addition, the paths of recovery for zombie en-
terprises may differ, depending upon the different stages of the industry life cycle. For this 
reason, it is also important to research the impact of periodic expansion and contraction on 
industrial demand.
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By the above approaches, this study can help to supplement the existing literature and 
identify funding strategies that could potentially revive zombie enterprises to provide a theo-
retical basis for government development of industrial policies.

For the rest of this study, Section 1 briefly reviews the relevant research progress and 
proposes the hypotheses. The dataset and methodology are introduced in Section 2. Section 
3 presents the empirical analysis. Section 4 further discusses the results. Finally, some conclu-
sions and limitations are presented.

1. Literature and hypotheses

1.1. Literature review

This study reviews several aspects of the relevant literature, including the definition, identi-
fication, influence, causes, and recovery of zombie enterprises.

Zombie enterprises are defined as enterprises that are bailed out by creditors or banks. 
Gao and Li (2018) defined Chinese zombie enterprises as firms that have lost viability in the 
market and survive only on external assistance, such as government subsidies and bank loans. 
Even though these enterprises lose money over a long period and waste social resources, the 
dual protection from the government and banks prevents them from closing down.

The first identification criterion for zombie enterprises, the CHK method, was proposed 
by Caballero et al. (2008). This method determines whether an enterprise has obtained a 
loan subsidy (i.e., whether it is a zombie enterprise) by calculating the difference between 
the actual bank interest paid by the enterprise and the minimum interest required. Fukuda 
and Nakamura (2011) modified the CHK method by adding three standards (the FN-CHK 
method) to avoid confusing profitable enterprises receiving preferential bank credit with 
zombie enterprises. Zhang et al. (2016) included net profit after deducting government sub-
sidies to the FN-CHK criterion, making it more representative of China’s reality.

Using these identification criteria, studies have discussed how zombie enterprises nega-
tively impact investment activities, information-disclosure quality, and productivity among 
normal enterprises (Lin, 2011; Kwon et al., 2015; Imai, 2016). Shen and Chen (2017) argued 
that Chinese zombie enterprises create overcapacity by crowding out normal enterprises. 
Tan et al. (2017), Li et al. (2018), and Wang et al. (2018) respectively examined how Chinese 
zombie enterprises harm normal enterprises by crowding out investment, distorting taxes, 
and hindering innovation.

From a new structural economics perspective, Shen (2016) found that the comparative 
advantages of factor endowment and technology can explain the emergence of zombie enter-
prises. Jiang and Wang (2018) argued that the causes of zombie enterprise creation involve 
capital and labor. Most studies have regarded government funding as an important factor in 
Chinese zombie enterprise creation (Liu et al., 2019; Dai et al., 2019; Zhang et al., 2020b). 
These studies provide evidence that can help to prevent the formation of zombie enterprises.

To eradicate existing zombie enterprises, some studies focused on factors that can re-
vive them, including reducing employment, selling fixed assets, and purchasing collateral 
(Nakamura & Fukuda, 2013; Jaskowski, 2015). Studies from China have also suggested that 
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outward foreign direct investment, cutting bad assets, raising wages, and mixed-ownership 
reform can revive China’s zombie enterprises (Jiang & Wang, 2018; Jiang et al., 2018; Zhu 
et al., 2018). 

Importantly, when it comes to the relationship between government funding and zombie 
enterprises, existing studies commonly argue that government funding prevents inefficient 
enterprises from exiting the market by hampering market clearing, thus promoting the for-
mation of zombie enterprises (Rao & Wan, 2018). However, for existing zombie enterprises, 
few studies have considered the likely positive impact of government funding on their re-
covery. Using data from Shanghai’s small and medium-sized enterprises, Luan et al. (2018) 
indicated that R&D funding would worsen zombie enterprises. Liu et al. (2019) argued that 
government funding can reduce the capacity utilization rate of zombie enterprises.

Several tools have been shown to revive zombie enterprises. Fang and Sun (2019) found 
that reducing management costs may restore the viability of zombie enterprises. This can 
encourage spending for selling and innovation, which are conducive to market development 
and product upgrading. Moreover, increasing R&D investment and total factor productiv-
ity can also foster economic transformation and upgrading (Xu et al., 2020) and have been 
proven to revive zombie enterprises (Jiang et  al., 2018). Additionally, enterprise-strategy 
theory indicates that enterprises can use a contraction strategy to reverse unfavorable situ-
ations during crises; these include business decline, losses, and numerous non-performing 
assets. By contracting their business, enterprises can clarify their main goals, reconfigure 
internal resources, and improve utilization efficiency, thereby restoring core competitiveness 
(Markides, 1995). Zombie enterprises are closely linked to blind expansion and overcapac-
ity in China; thus, scaling down could help them to recover. Overall, government fund-
ing’s positive impacts on zombies’ cost reduction, innovation, and scaling down could help 
them recover. These studies provide a basis for exploring how government funding impacts 
zombie-enterprise recovery.

The literature has made important contributions and provided a basis for exploring how 
government funding impacts the recovery of zombie enterprises; however, a deeper explo-
ration of the relationships between the funding types, the industry life cycle, and recovery 
mechanisms of zombie enterprises is required. Therefore, this study tests the impacts of 
various funding types on the recovery of zombie enterprises across two market demand 
circumstances and discusses potential recovery paths.

1.2. Theoretical hypotheses

1.2.1. Government funding and recovery of zombie enterprises

Government-funding theory posits that different government funding types have different 
regulatory purposes and impacts on enterprises (Huergo & Moreno, 2017). This motivates 
us to investigate how various funding types affect zombie enterprises’ recovery. The literature 
suggests that funding for production, innovation, and interest are used most frequently by 
the government and are most closely related to zombie enterprises.

“Funding for production” means that the government provides subsidies to help enterprises 
expand production scale or absorb employment. The prevailing view is that zombie enterprise 
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creation in China is closely related to the government’s efforts to guarantee employment and 
maintain social stability by stimulating production (Rao & Wan, 2018). However, corporate-
finance theory holds that production funding can ease corporate financial constraints. Signal 
theory states that production funding can also send positive signals to the outside, directing 
injections of funds (Meuleman & Maeseneire, 2012). Therefore, production funding could 
also help alleviate their financial difficulties, restoring their viability. Additionally, referring 
to external governance theory, correctly-allocated production funding could induce zombie 
enterprises to transform their production activities into fields with better market prospects 
(Peng et al., 2020). Overall, production funding can help zombie enterprises recover.

“Funding for innovation” means that the government provides enterprises with subsidies 
to encourage their innovation including knowledge development, technological upgrading, 
innovation application, and innovation cooperation. Zombie enterprise theory posits that a lack 
of product competitiveness due to a low innovation level can weaken corporate viability (Wang 
et al., 2018). Corporate innovation literature shows that innovation funding can compensate for 
the externality of innovation activities, helping enterprises improve their technical levels (Porter, 
1990); this can help to revive them. The external governance effect of innovation funding is 
also significant, as the process and results of funded projects are always strictly supervised 
and reviewed by the government. This helps enterprises to identify the main direction of 
technological development and regulate the use of funds, which improves resource utilization 
efficiency. Therefore, innovation funding can help zombie enterprises to recover.

“Funding for interest” means that the government provides enterprises subsidies to pay 
the interest on loans for some purposes. Government intervention literature argues that 
the government tends to control state-owned banks for addressing corporate financing 
constraints by providing interest funding (Zhang et al., 2020a). However, zombie enterprise 
theory asserts that excessive corporate loans in the absence of good investment opportunities 
help create zombie enterprises (Song et al., 2019). Interest funding may allow zombies to 
pass on the risk of bankruptcy to governments and banks – at little cost – while maintaining 
zombie status. Projects that receive interest funding may be related to corporate production 
and innovation activities, but interest funding is not directly invested in corporate production 
and innovation. Although the government may attempt to guide zombie enterprises into 
transformation and upgrading by providing interest funding, the main project fund is 
provided by the bank and can be used freely by the enterprise. Considering the logic of 
information-asymmetry theory, the government, due to their limited supervision capacity, 
does not have full access to corporate information the application of loaned funds, 
weakening the regulatory effect of government funding. Conversely, zombie enterprises can 
reserve sufficient information in a favorable position; they do not have to invest all loans in 
transformation and upgrading activities with higher risks. Thus, they remain zombies. Based 
on the above, interest funding cannot promote transformation of zombie enterprises and 
revive them. The following hypotheses are proposed:

Hypothesis 1a: Funding for production and innovation have a positive effect on the 
revival of zombie enterprises;

Hypothesis 1b: Funding for interest has no significant effect on the revival of zombie 
enterprises.
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1.2.2. Industry life cycle

The periodic expansion and contraction of industrial demand often affect industrial-policy 
effectiveness (Maksimovic & Phillips, 2008). Thus, whether the industry life cycle affects the 
effectiveness of government funding for zombie enterprises’ recovery is worth examining. 
Based on the dynamic changes in industrial scale, the industry life cycle is classified into 
two separate stages: the demand-expansion stage and the demand-contraction stage. The 
former is when the scale of industrial demand has been growing at a high rate for a certain 
period, while the latter is when the growth rate of industrial demand is slowing down or 
even becomes negative.

Enterprises in industries at the demand-expansion stage of its life cycle (expanding 
industries) always have a strong motivation to increase production. They become zombie 
enterprises because their product or innovation ability cannot adapt to the market demand 
for high-quality products. Due to the strong market demand, zombie enterprises in 
expanding industries need only technology innovation and product quality improvements 
to regain their market share and recover. As stated in external-governance theory, production 
and innovation funding have strong planning and supervision effects, which can guide the 
transformation and upgrading of zombie enterprises and ease their financial constraints, 
helping them improve their operating efficiency and product competitiveness. Expanding 
market demand can also reduce the risks of transformation and upgrading, thus promoting 
zombie enterprises’ recovery. In contrast, the insignificant impact of interest funding on 
recovery can be attributed to information asymmetry between enterprises and the government 
or to the weakening of governmental control and supervision. Expanded market demand 
cannot address this problem; thus, interest funding cannot revive zombie enterprises in 
expanding industries. Enterprises in industries at the demand-contraction stage of its life cycle 
(contracting industries) always face intense competition; thus, only enterprises that achieve 
major transformation and technological innovation can survive. Neither zombie enterprises 
themselves nor the government can afford the huge risks and costs of transformation and 
upgrading in the face of shrinking demand. Therefore, government funding only provides 
a recovery opportunity for zombie enterprises facing expanding demand. The following 
hypotheses are proposed:

Hypothesis 2a: Funding for production and innovation have a positive effect on the revival 
of zombie enterprises in industries at the demand-expansion stage of the industry life cycle;

Hypothesis 2b: Funding for interest has no significant effect on the revival of zombie 
enterprises in industries at the demand-expansion stage of the industry life cycle.

2. Database and methodology

2.1. Sample and database

From 2008 to the end of 2010, China launched a RMB 4,000 billion economic stimulus pack-
age to revive the economy. To avoid the interference of this policy, a set of sample covering 
2012 to 2016 was selected. This study used the database of China Stock Market & Accounting 
Research (CSMAR) built by Shenzhen GTA Education Tech Ltd., which includes the basic 
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information and financial data of China’s listed enterprises. This database has been widely 
used in previous empirical studies.

The CSMAR database is smaller than the Chinese industrial enterprises survey database, 
which has been used by previous studies; however, its data disclosure is more specific and 
standardized, providing detailed information including different funding types and debts. 
This study excluded enterprises that were listed and delisted between 2012 and 2016, as well 
as those marked as “special treatment”, to avoid the interference of abnormal data, obtaining 
5,020 observations during the five-year period for 1,004 manufacturing enterprises. Data 
on corporate revenues, assets, debt, and other information were collected from the CSMAR 
database. Information on government subsidy and R&D investment was manually extracted 
from the annual reports of listed enterprises. The different databases were matched up using 
corporate names and stock codes.

2.2. Identification of zombie enterprises

This study identified zombie enterprises in China using the FN-CHK method, which has 
been widely used in mainstream studies. First, according to the CHK criterion proposed by 
Caballero et al. (2008), an enterprise has accepted subsidized credit if the minimum interest 
requirement is greater than the interest it has paid. Second, the method adopted by Fukuda 
and Nakamura (2011) modified the CHK method in terms of the profit and leverage ratio. 
Finally, the method of Zhang et al. (2016) corrected the bias caused by high government 
funding in the Chinese context by deducting government subsidies from corporate profits 
to identify zombie enterprises. The identification steps are as follows:

The minimum interest requirement to be paid (RAi,t) by enterprise i in year t is estimated 
by:

 
5

, 1 , 1 , 1
1

1 ,
5i t t i t t j i t

j
RA rs BS rl BL− − − −

=
= × + ×∑  (1)

where BSi,t–1 and BLi,t–1 are the short- and long-term liabilities of enterprise i in year t–1, 
respectively. Further, rst–1 and rlt–j are the average short- and long-term prime rates in year 
t, respectively. The prime rate is 0.9 times the benchmark rate, according to the lower limit 
of the lending rate set by The People’s Bank of China.

The estimated actual net interest payment of enterprise i is:

 , , ,i t i t i tRM RA RB= − , (2)

where RBi,t represents the interest income of enterprise i.
According to Fukuda and Nakamura’s criterion, the information on corporate profits is 

employed to calculate zombie index FNi,t to avoid mistaking profitable enterprises receiving 
preferential bank credit for zombie enterprises:

 , , , , 1 , 1( ) ( )i t i t i t i t i tFN EBIT RM BS BL− −= − + , (3)

where EBITi,t is the earnings before interest and tax of enterprise i in year t. BSi,t–1 + BLi,t–1 
represents the sum of all bank loans of enterprise i in year t–1. According to this traditional 
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FN-CHK standard, enterprise i can be considered a zombie enterprise when FNi,t < 0, the 
asset–liability ratio is greater than 0.5, and the total liabilities in year t are greater than those 
in year t–1.

Following Zhang et al. (2016), government subsidies are deducted from EBITi,t to elimi-
nate identification bias caused by government subsidies:

 , , , , , 1 , 1( ) ( )ad
i t i t i t i t i t i tFN EBIT Subsidy RM BS BL− −= − − + . (4)

According to the study’s criteria, enterprise i can also be considered a zombie enterprise 
when ,

ad
i tFN < 0, the asset–liability ratio is greater than 0.5, and total liabilities in year t are 

greater than those in year t–1. Using this method, 634 zombie enterprises are identified from 
5,020 observations (a rate of 12.6%). Using the method of Fang and Sun (2019), an enterprise 
is regarded as recovering in year t if it is a zombie in year t–1 but is normal in years t and 
t+1. In this sample, 5.6% of the zombie enterprises recovered.

2.3. Empirical model

2.3.1. Benchmark model

The following model was established to test the effect of government funding on the recovery 
of zombie enterprises:

 

, 0 1 , 1 2 , 1 3 , 1

4 , ,

_ Pr
,

i t i t i t i t

i t r t s i t

Zom out odsu Innovsu Loansu
Control

− − −= β + β + β + β +
β + β + β + β + ε

 
(5)

where Zom_outi,t is a dummy variable. The value of Zom_outi,t is 1 if zombie enterprise i 
becomes normal in year t, and 0 otherwise.

The explanatory variable Prodsui,t-1 reflects production funding received by enterprise i in 
year t–1. This variable is measured by the ratio of production funding to revenue, where pro-
duction funding is quantified as the gross subsidy amount of projects funded to expand pro-
duction, reduce operating costs, and stimulate the development of industries or enterprises. 
Innovsui,t–1 indicates innovation funding received by enterprise i. This variable is measured 
by the ratio of innovation funding to revenue, where innovation funding is quantified as 
the gross subsidy amount of projects funded for innovation, R&D, patents, and technology 
upgrading. Loansui,t–1 indicates interest funding received by enterprise i. This variable is 
measured by the ratio of interest funding to revenue, where interest funding is quantified as 
the gross subsidy amount of projects with discounted interest.

The theoretical analysis shows that the paths of influence for interest funding may differ 
between production and innovation funding, even though interest funding projects may be 
related to production and innovation activities. Projects receiving interest funding are always 
marked as “interest discount” on the government grants lists in annual corporate financial 
statements; this allows us to distinguish them from projects receiving production and inno-
vation funding in terms of variable measurement and to empirically consider the differences 
in their impacts on zombie enterprises.

Control represents control variables such as asset–liability ratio (Leverage), assets (Size), 
listed years (Age), cash flow (CFO), ownership (SOE), and Tobin’s Q value (Tobinq). βs, βt, 
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and βr respectively indicate the fixed effects of sections, years, and regions, and ε denotes a 
random error term. The calculation employed a logit model and clustering standard errors at 
the individual level. For non-intensity variables (Size, CFO, Age, Revenue, and Patent), their 
natural logarithms were considered to address dimensional differences and heteroscedastic-
ity. A 99% winsorization was employed to eliminate the influence of outliers. Table 1 shows 
the definitions of variables and data sources. Table 2 reports the descriptive statistics.

2.3.2. Heckman model

Exploring how government funding impacts zombie-enterprise recovery presents two po-
tential endogeneity problems. The first is caused by reverse causality. An enterprise’s zombie 
status could affect government funding behavior. This problem in the benchmark model has 
been solved by lagging the explanatory variables. The second problem involves sample selec-
tion bias, as unobservable factors concerned about government funding may impact the state 
of enterprises. The Heckman (1979) two-step method was used as a solution.

Table 1. Definitions of variables

Variable Definition Source of data

Zom_out Dummy, equals 1 if a zombie enterprise becomes a normal 
enterprise in year t according to the standard of this study

Authors’ 
calculation

Prodsu Ratio of production funding to revenue Annual report

Innovsu Ratio of innovation funding to revenue Annual report

Loansu Ratio of interest funding to revenue Annual report

Size Amount of assets CSMAR

Leverage Asset–liability ratio CSMAR

Age Listed years CSMAR

CFO Cash flow CSMAR

SOE Dummy, equals 1 for state-owned enterprises CSMAR

Revenue Operating revenue CSMAR

PRDI Ratio of private R&D investment to revenue Annual report

Patent Number of corporate patent applications †

Tobinq Value of Tobin’s Q CSMAR

Zom_out2 Dummy, equals 1 if a zombie enterprise becomes a normal 
enterprise in year t according to the traditional FN-CHK standard

Authors’ 
calculation

Zom_out3 Dummy, equals 1 if a zombie enterprise becomes a normal 
enterprise in year t according to the standard of this study after 
excluding samples that never become zombies

Authors’ 
calculation

Sale Ratio of selling expenses to revenue CSMAR

Scale Ratio of main business income to assets CSMAR

Export Ratio of export amount to revenue Annual report

Note: † Website of China’s National Intellectual Property Administration (2009).
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In this method, a probit model is used in the first stage to predict the probability of an 
enterprise receiving funding of various types. The equation is

 , 0 1 , 2 , 3 , 4 ,

5 , 6 , 7 , ,

Re
,

i t i t i t i t i t

i t i t i t s r i t

Subd venue Patent PRDI Size
Leverage SOE Tobinq

= β + β + β + β + β +
β + β + β + β + β + ε

 
(6)

where Subdi,t denotes the level of government funding, represented by three dummy variables 
(Prodsudi,t, Innovsudi,t, and Loansudi,t). Prodsudi,t was set to 1 if production funding was 
greater than the median value, and 0 otherwise. The dummy variable of innovation funding 
(Innovsudi,t) had the same values. However, as less than 50% of the observations obtained 
interest funding, this study set Loansudi,t to 1 if enterprise i obtained interest funding, and 0 
otherwise. The variables affecting the level of government funding include Revenue (operat-
ing revenue), PRDI (private R&D intensity), Patent (number of patent applications), Size, Le-
verage, SOE, Tobinq, βs, and βr . The inverse Mills ratio (Lambda) was obtained from Model 6 
and was included as an independent variable in the second-stage estimation of Model 5 to 
help mitigate possible sample selection bias.

2.3.3. Simultaneous equation model

The above theoretical analysis posits that zombie enterprises can recover their viability by 
following different paths. First, reducing cost pressure can stimulate increased spending on 

Table 2. Descriptive statistics

Variable Observation Mean Standard deviation Min Max

Zom_out 4,016 0.0555 0.2290 0 1
Prodsu 5,020 0.0038 0.0073 0 0.0475
Innovsu 5,020 0.0048 0.0082 0 0.0497
Loansu 5,020 0.0002 0.0009 0 0.0060
Size 5,020 8.0975 1.0667 6.1638 11.3781
Leverage 5,020 0.3739 0.1894 0.0426 0.8193
Age 5,020 2.0919 0.5998 0.6931 3.3322
CFO 5,020 6.2912 0.0197 6.2083 6.3827
SOE 5,020 0.2928 0.4551 0 1
Revenue 5,020 7.4584 1.2789 4.9753 11.2024
PRDI 5,020 0.0398 0.0309 –0.0008 0.1906
Patent 5,020 2.7175 1.4119 0 6.5191
Tobinq 5,020 2.5586 1.9125 0.2591 10.2953
Zom_out2 4,016 0.0702 0.2555 0 1
Zom_out3 794 0.3552 0.4789 0 1
Sale 5,020 0.0811 0.0850 0.0004 0.8008
Scale 5,020 0.9182 0.0695 0.6350 1.2762
Export 5,020 0.1733 0.2141 0 0.8784
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advertising and marketing, which, in turn, can foster market development and help zombie 
enterprises to recover market share. Second, increased R&D investment, which enhances 
production efficiency and product competitiveness, has been shown to revive zombie en-
terprises. Additionally, enterprise-strategy theory indicates that a contraction strategy can 
clarify corporate goals and optimize resource allocation, improving recovery probability. 
Therefore, a simultaneous equation model was used to investigate how government funding 
revives zombie enterprises through three channels: increasing spending on selling, increasing 
private R&D intensity, and scaling down business. 

The first step of the simultaneous equation model assumed that the channels are impacted 
by funding variables and control variables. The next step assumed that the recovery of zombie 
enterprises is related to the channels, funding variables, and control variables. The simultane-
ous equation model was established:

 , 0 1 , 2 , ,

, 0 1 , 1 2 , 1 3 , ,

1

_ 2
i t i t i t r t s i t

i t i t i t i t r t s i t

Channel Sub Control

Zom out Channel Sub Control− −

= γ + γ + γ + γ + γ + γ +ω
 = β + β + β + β + β + β + β + ε

, (7)

where Channel is represented by three variables, Sale, PRDI, and Scale. Sale denotes spending 
on selling, PRDI denotes private R&D intensity, and Scale denotes business scale. Control1 
includes Size, Leverage, Age, CFO, Tobinq, SOE, and Export (export intensity). The settings 
for Control2 and fixed effects are the same as those in the benchmark model.

3. Results and analysis

3.1. Government funding’s impact on zombie enterprises

Columns 1 to 4 of Table  3 show the results of the benchmark model. The coefficients of 
funding for production and innovation are significantly positive; however, the coefficient 
for interest is not significant, whether the three funding types enter the model separately or 
simultaneously. Greater production and innovation funding for zombie enterprises increases 
the probability of their recovery. The calculation of the marginal effect in Model (5) shows 
that the probability of recovery increases by 1.45% when production funding intensity in-
creases by 1%, whereas it increases by 1.21% when innovation funding intensity increases by 
1%. These results are consistent with the theoretical expectations and therefore, Hypotheses 
1a and 1b are verified positively.

The results of the Heckman model, used to address possible endogeneity (Columns 9 to 
11 of Table 3) are similar to those of the benchmark model. The instrumental variable (IV) 
method was used to reduce endogeneity further. Two-period-lagged funding variables are 
typically used as instrumental variables, because they may be related to endogenous vari-
ables and the two-period lag may prevent them from affecting the error terms (Gujarati & 
Porter, 2009). However, innovation projects always take longer to implement, which delays 
the impact of innovation funding. A two-period lag may not satisfy the assumption that 
instrumental variables should be exogenous. Therefore, a three-period lag was used as the 
instrumental variable. Columns 1 and 5 of Table 5 show that the IV model results for produc-
tion and interest funding are consistent with those of the benchmark model, while Column 2 
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shows an insignificant coefficient of innovation funding. This may be because this study used 
five-year short panel data; the three-period lag of the innovation funding variable may have 
reduced the available sample data, producing an inconsistent result. To address this problem, 
referring to Clausen (2009), the mean value of innovation funding from one region (RAIns) 
was employed as the instrumental variable; the results are similar to those of the benchmark 
model (Column 3 of Table 5). This study also took the mean value of one region and that of 
one industry (IAIns) together as instrumental variables. The results are consistent and pass 
the tests of under-identification, weak identification, and over-identification (Column 4 of 
Table 5).

To test the robustness of results, the fixed effects model (FE) and ordinary least squares 
model (OLS) were employed, which produced consistent findings (Columns 5 and 6 of Ta-
ble 3). This study also changed the measurement mode of the dependent variable. The tra-
ditional FN-CHK standard was employed to identify zombie enterprises and generate a new 
dependent variable, Zom_out2i,t. Further, the samples that never become zombie enterprises 
were excluded, obtaining the other dependent variable, Zom_out3i,t. The results using two 
substitution variables were stable (Columns 7 and 8 of Table 3). These results verify the reli-
ability of Hypotheses 1a and 1b.

3.2. Combined impact of government funding and industry life cycle

This study also tested whether the industry life cycle can influence the effectiveness of gov-
ernment funding by classifying the industries into two categories using industrial scale data 
from the China Statistical Yearbook: (1) expanding industries, where the growth rate of sales 
is faster than the median for all industries; and (2) contracting industries, where the growth 
rate of sales is slower than the median for all industries.

The two subsamples were brought into the benchmark and Heckman models to investi-
gate the combined impact of funding and the industry life cycle. The results (Columns 1 to 
4 of Table 4) show that production and innovation funding can revive zombie enterprises 
in the expanding industries subsample, while funding for interest cannot. This means that 
Hypotheses 2a and 2b are verified positively. It also suggests that the positive effect of pro-
duction and innovation funding can only be realized under the condition of sufficient indus-
trial demand. Furthermore, Columns 5 to 8 of Table 4 show that none of the three funding 
types can revive zombie enterprises in the contracting industries subsample. As analyzed 
above, contracting market demand may significantly reduce the positive impact of funding 
on zombie enterprises’ recovery. Additionally, the lags of the funding variables were used as 
the instrumental variables, and the IV model subsample results (Columns 6 to 11 of Table 5) 
are similar to those of the benchmark model.

3.3. Recovery mechanism of zombie enterprises

To investigate the possible paths of zombie-enterprise recovery, production, innovation, and 
interest funding are taken into Model (7) respectively. The results are shown in Table  6. 
Columns 1 and 2 of Part 6–1 show that production funding has an insignificant impact 
on spending on selling, while the latter has a significantly positive impact on the recovery 
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of zombie enterprises. This suggests that production funding cannot revive zombie enter-
prises by increasing spending on selling. However, Columns 3 and 4 of Part 6–1 report that 
funding for production can revive zombie enterprises by increasing private R&D invest-
ment; this result supports the assertion according to the corporate-finance theory and signal 
theory. Production funding increases R&D investment by alleviating the financial difficulties 
of zombies and helping them recover. Meanwhile, Columns 5 and 6 of Part 6–1 show that 
production funding can promote scaling down, thereby helping zombie enterprises recover. 
This also verifies the enterprise-strategy theory assertion that contracting the business can 
promote the recovery of corporate core competitiveness. Columns 7 to 12 of Part 6–1 show 
that the results from the expanding industry samples are consistent with the original results, 
verifying the robustness of findings.

Columns 1 and 2 of Part 6–2 in Table 6 show that innovation funding has a significantly 
positive impact on spending on selling, while the latter has a significantly positive impact on 
the recovery of zombie enterprises. This suggests that innovation funding can revive zombie 
enterprises by increasing spending on selling, thus reflecting a positive effect on cost sharing. 
Columns 3 to 6 of Part 6–2 show that innovation funding can also revive zombie enterprises 
by increasing private R&D investment and promoting scaling down. Similar results are ob-
tained using the expanding industry samples (Columns 7 to 12 of Part 6–2). The above results 
can still be supported by the theoretical analysis.

As Part 6–3 in Table 6 shows, interest funding does not affect the recovery of zombie en-
terprises by increasing spending on selling and private R&D for either the full sample or the 
expanding industry sample. However, interest funding can help revive zombies by promoting 
scaling down. This result is analyzed in more detail in the next section.

4. Discussion

The results show that funding for production and innovation can revive zombie enterprises 
in industries at the demand-expansion stage of the industry life cycle, while funding for 
interest cannot. None of the funding types can revive zombie enterprises in industries at the 
demand-contraction stage of the industry life cycle. However, some results still need to be 
discussed further.

First, although the benchmark-model result shows interest funding to have an insignifi-
cant impact, the channel-model result shows that interest funding can help to revive zombie 
enterprises by promoting scaling down. The reason for this is possibly that the impact of 
interest funding on zombie-enterprise recovery likely includes channels with negative ef-
fects, which suppresses the positive effect of the business contraction channel. As the above 
theoretical analysis explains, interest funding can stimulate zombie enterprises to transform 
and upgrade, which may be why the positive effect is captured via the business contraction 
channel. However, the external governance effect of interest funding is insignificant owing 
to the free use of bank loans, which reduces zombie enterprises’ motivation to recover. They 
may not devote all their loan resources to transformation and upgrading, which may be one 
reason for the negative effects that suppress the positive effects. This result conforms to the 
theoretical expectation.Ta
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Second, the benchmark model shows that none of the three funding types can revive 
zombie enterprises in industries at the demand-contraction stage; whether they can be 
revived in other ways requires further discussion. As shown in the above analysis, zombie 
enterprises in contracting industries are difficult to revive, as they cannot bear the high 
innovation costs required for major technological changes. If the market demand for low-
technology products increases and enhances their revenue, they can regain the ability to 
bear innovation costs for recovery. China is attempting to alleviate its severe structural 
overcapacity by promoting “Belt and Road” initiatives, in an effort to push Chinese prod-
ucts into the global market by investing in infrastructure construction in countries along 
the Belt and Road. Therefore, it is necessary to test whether increasing the exports of 
zombie enterprises in contracting industries can provide recovery opportunities. An ex-
planatory variable for export intensity (Export) was introduced into the benchmark model. 
Column 11 in Table 4 indicates that exports positively affect the recovery of zombie en-
terprises. The results using all samples and the expanding industry samples are similar 
(Columns 9 and 10 of Table 4).

Conclusions

The effectiveness of government funding policies is often subject to constraints, such as fund-
ing types and the industry life cycle. Government funding may be an important factor in 
zombie enterprise formation. However, scientifically implemented government funding can 
also help zombie enterprises to share costs, improve technology, and optimize resource al-
location, leading to their recovery.

The results show that funding for production and innovation can revive zombie enter-
prises, while funding for interest cannot; this supports the assertion of corporate-finance 
theory and signal theory that production funding can alleviate the financial difficulties of 
zombie enterprises. It also supports the assertion of external-governance theory and cor-
porate-innovation theory, that production and innovation funding can induce transforma-
tion and upgrading and increase technology levels. Information-asymmetry theory can also 
help to explain the insignificant impact of interest funding.

Considering the impact of the industry life cycle, funding for production and in-
novation can revive zombie enterprises only in expanding industries, as sufficient mar-
ket demand can provide conditions favorable to their transformation and upgrading. 
Meanwhile, interest funding has a weak external governance effect, due to zombie en-
terprises’ free use of bank loans, and thus cannot revive them in expanding industries. 
In contracting industries, excessive transformation costs and a huge demand risk can 
neutralize the effect of government funding; thus, none of the three funding types can 
help zombies recover. 

Furthermore, the recovery channels are tested. The results show that funding for pro-
duction and innovation can increase investment in selling or innovation through sharing 
costs and promote the scaling down of businesses through external governance effects, 
thus helping zombie enterprises recover. Although interest funding may lead to a busi-
ness contraction, the weak external governance effects cannot ensure zombie enterprises’ 
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willingness to transform, and thus cannot revive them. Zombie enterprises in contracting 
industries face fierce competition and high transformation costs; their recovery opportu-
nities lie in accessing larger overseas markets, rather than government funding.

The findings suggest that production and innovation funding can revive zombie enter-
prises by sharing their costs in expanding industries. Therefore, the intensity of their pro-
duction and innovation funding should be enhanced. Meanwhile, the government should 
strengthen the external governance effect of production and innovation funding by support-
ing key businesses and technologies with bright prospects. The government should also as-
sist zombie enterprises in conducting business integration to improve operational efficiency, 
while strengthening supervision on projects that receive interest funding to ensure that the 
loans are inducing corporate transformation and upgrading.

Government funding has no significant impact on the recovery of zombie enterprises 
in contracting industries. Therefore, the government should reduce funding for them 
and allow market mechanisms to play the key role in resource allocation. Bankruptcy 
and restructuring should be used to weed out uncompetitive zombie enterprises and 
boost the efficiency of those contracting industries. Additionally, the government should 
continue to strengthen cooperation with countries along the Belt and Road to provide 
conditions favorable for zombie enterprises’ expansion to overseas markets, creating op-
portunities for their recovery.

This study still has several limitations. First, the sample comprises listed enterprises in 
China. Although this provides data for different government funding types, it may also pro-
duce sample selection bias. The Heckman model has been used to address this concern, but 
richer approaches should be used in future studies. Another problem is the limited sample 
size. Listed enterprises are representative but are far fewer than unlisted ones; thus, the sam-
ple size should be expanded. Moreover, this study discusses only manufacturing enterprises 
because their production and innovation activities differ from those of service enterprises. 
Future studies should analyze the differences and similarities in effects between the service 
and manufacturing industries. Additionally, this study discusses the effects of three govern-
ment funding types, but the effects of tax policy also require attention. Finally, this study 
discusses only the favorable recovery channels; future studies could also examine the chan-
nels that hinder recovery.
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