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The government of China has launched an environmental campaign called

“Ecological Civilization Construction” and successively set up demonstration

zones for ecological civilization construction in some regions since 2012. This

paper studies how demonstration zones influence technology investment of

local enterprises. In order to eliminate potential endogeneity issues and

differences in time trends of technology investment in regions and industries

outside of policy impacts, so as to accurately identify policy effects of

demonstration zones, we adopted the difference-in-difference (DID) and

difference-in-difference-in-difference (DDD) model. The results are as

follows: first, after the policy, firms in the demonstration zones make more

investment in technology, and the necessary condition for this effect is that the

firms are in a state of growth. Second, the level of regional economic

development has a positive moderating effect on the main results by

influencing the impact of policies on local government incentives. Third, the

intensity of environmental regulation expressed by air pollution index has a

positive moderating effect on the main results. Fourth, firms with strong social

responsibility will not be affected by such administrative pressure. Fifth, whether

firms with strong financing constraints can increase technology investment

depends on government subsidies.
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Introduction

As China’s economy transitions from “high-speed growth” to “high-quality growth”,

the importance of ecological civilization is becoming more and more prominent and has

become a key guarantee for China’s sustainable and healthy economic development. The

development of the last decade has shown that China’s ecological environment has

improved considerably, so what impact has the implementation of the ecological
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civilization had on micro enterprises and how has it contributed

to achieving a higher quality of China’s economic development?

In this regard, the existing literature is mostly based on

(Porter and Linde, 1995) hypothesis, and studies have almost

exclusively been conducted from the perspective of

environmental regulation and technological innovation or

productivity. However, there are serious endogeneity problems

with environmental regulation variables, such as the composite

index of pollutant treatment rates, that are commonly used in the

literature. Regions with better technological innovation or higher

productivity may also have higher pollutant treatment rates, and

few studies have provided detailed theoretical and institutional

analysis of the economic consequences of ecological civilization

construction. Even fewer studies have provided empirical

evidence of the impact of ecological civilization building at the

micro-firm level. We find that the construction of an ecological

civilization directly increased the marginal impact of

environmental performance in the being promoted by of local

officials, and indirectly increased the importance of

environmental performance as measured by public

satisfaction. Formally, local governments driven to meet

environmental performance goals face incentives to increase

the intensity of regional environmental regulations to improve

the level of regional ecological civilization construction and

weaken targets for short-term economic performance,

inducing polluting firms to increase their technological

investments. Informally, these local governments also face

incentives to strengthen the publicity and education regarding

ecological civilization construction in an effort to cultivate the

public’s environmental awareness and promote polluting firms’

technological investment (Pargal and Wheeler, 1996).

In view of this, firstly, this paper clarifies, through theoretical

and institutional analysis, how the construction of ecological

civilization changes the incentives of local governments and how

it affects the technological investments of polluting firms.

Secondly, using the establishment of two batches of early

demonstration zones for ecological civilization construction in

2014 and 2015, an exogenous event for firms, and a double

difference model is constructed to overcome the endogeneity

problem and to analyse the impact of ecological civilization

construction on technology investment of heavily polluting

listed A-share companies in China. Finally, the moderating

role of government subsidies, the heterogeneity of the regional

economic development level dimension, and the heterogeneity of

the corporate social responsibility dimension are examined.

Based on the above research, the main conclusions of this

paper are as follows: 1) the construction of ecological civilization

promotes technological investment by heavily polluting

enterprises with better business conditions; 2) while

implementing stricter environmental regulations, the granting

of government subsidies can effectively alleviate the financing

constraints faced by polluting enterprises in technological

investment; 3) the construction of ecological civilization is

more effective in the eastern regions with higher levels of

economic development; 4) the construction of ecological

civilization has a greater impact on polluting enterprises that

fulfil fewer social responsibilities.

The contributions of this paper include: 1) providing a

feasible analytical perspective for the study of the economic

consequences of ecological civilization construction as an

incentive for officials to be promoted; 2) providing direct

empirical evidence that ecological civilization construction can

promote technological investment in micro-polluting firms; 3)

helping to evaluate the effects and limitations of ecological

civilization construction and providing a reference for the

Chinese government to promote institutional reform and

enhance economic development; 4) providing empirical

evidence for the weak Porter hypothesis at the micro-firm level.

The remainder of the paper is organized as follows. Part II

reviews the relevant existing literature; Part III gives institutional

background and formally presents our hypothesis; Part IV

presents the model; and discusses the data; Part V reviews the

empirical results; Part VI briefly discusses avenues for further

research; and Part VII concludes.

Literature review

The principal argument of this paper is that the construction

of an ecological civilization in China changes the incentives of

local governments, increasing the importance of environmental

performance, and inducing local governments to strengthen

environmental regulations. This in turn forces force polluters

to invest in technology to reduce their levels of pollution.We now

review the literature in three areas: officials’ incentives,

environmental regulation and technology investment, and

government subsidies and technology investment.

Officials’ incentives

Local government officials are vital to economic

development, so it is crucial to devise a range of management

controls to select them and to achieve incentive compatibility

between officials and economic performance. For developing

countries, “getting the incentives right” is a necessary to promote

economic growth (Gerald, 2002). The traditional fiscal

decentralization theory suggests that the transfer of fiscal

revenue and expenditure power from a central government to

local governments can promote inter-regional competition (Qian

and Roland, 1998), but in the case of China, the theory of “fiscal

federalism with Chinese characteristics” proposed by Qian and

Weingast (1997) suggests that China’s fiscal institutional

arrangement is de facto federalism, which gives local

governments strong fiscal incentives(Jin et al., 2005). In

contrast, the “promotion tournament” theory proposed by
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Zhou (2007) argues that in the context of China’s high political

centralization, career promotion incentives are more important

for government officials, and fiscal decentralization is only a

necessary condition for career promotion incentives to work. Li

and Zhou, 2005 also point out that China’s administrative

governance model is a self-governing model in which

economic performance is the most important measure of

success. Yang and Zheng, (2013) clarified the confusion

between promotion scale tournaments and promotion

tournaments, pointing out that the former competition

focuses on comparison with the mean value of economic

performance, while the latter focuses on the ranking of

economic performance. Their empirical results support

another so-called promotion qualification tournament

hypothesis that states that officials with a certain standard of

economic performance ranking are more likely to be promoted.

Going further, Luo et al. (2015) argued that promotion incentives

based on economic performance are beneficial to both regime

legitimacy government, and regime authority, and their

empirical results suggest that economic performance is indeed

positively related to the probability of promotion in Chinese local

governments.

Under the “promotion tournament” theory, GDP growth

rate is the most common indicator to measure economic

performance. Although it has effectively promoted economic

growth, it has also caused a lot of problems, such as overcapacity,

resource shortage, environmental degradation, insufficient

innovation and low quality of economic growth (Tang and

Liu, 2012; Zhang and Song, 2021). With the slowdown of

macroeconomic growth, the negative impact of the

aforementioned “GDP-only growth theory” has become more

and more prominent, and achieving high-quality economic

development has become the focus of the government’s

economic construction work nowadays, while at the same

time, the construction of ecological civilization, as an inherent

requirement of high-quality economic development, has received

more and more attention from the Party Central Committee. Li

et al. (2018) argues that breaking down the economic

performance perspective and increasing the weight of political

indicators such as the environment and people’s livelihoods can

help reduce local productivity losses. Liu and Zhao, (2018) and

Zhang et al. (2018) argue that after the transformation of the

performance appraisal system, reasonable performance appraisal

indicators can be set to enable environmental governance and

economic growth to develop in a benign and sustainable manner.

In short, this apparent shift in environmental performance

appraisal is helping China to achieve the goal task of

sustainable ecological and environmental protection while

developing the economy.

The existing literature has given a full interpretation of the

economic performance incentives of local governments in China,

but there is still a lack of attention to the environmental

performance incentives, especially the ecological civilization

construction incentives proposed by the Chinese central

government in recent years. Considering the international

community’s increasing attention to climate change (Jia et al.,

2022) and the important impact of ecological environment on

efficiency (Su et al., 2021), it is very important to study this issue.

Environmental regulation and technology
investment

Neoclassical economic theory suggests that environmental

regulation, which diverts resources controlled by firms from

productive uses to pollution control uses (Gray, 1987), only

imposes additional costs on firms and reduces their

productive business inputs. According to this theory,

environmental regulation reduces the resources freely available

to firms and discourages their technological investment (Conrad

and Wastl, 1995; Gray and Shadbegian, 2003). Several

economists, represented by Porter in particular, have

questioned this and have argued that the previous analysis

(from a static perspective) is inappropriate. These economists

thus analyzed the impact of environmental regulations on firms

under a dynamic perspective and put forward the Porter

hypothesis: properly designed environmental regulations can

stimulate firms to innovate and thus partially or even

completely offset the compliance costs of the regulations,

which has come to be firm called the innovation

compensation effect of environmental regulation (Porter and

Linde, 1995).

The Porter hypothesis is supported by a large number of

studies. First, in terms of different types of environmental

regulation: Wang and Xu (2015) subdivide environmental

regulation into three types: environmental administrative

control, environmental pollution regulation and

environmental economic regulation, and the empirical

results show that all three regulatory instruments can

decouple the haze by influencing firms’ technology

investment preferences. Second, in terms of the breakdown

of Porter’s hypothesis, tests of the weak Porter’s hypothesis,

that environmental regulation stimulates firm innovation,

have generally show that environmental regulation does

stimulate firm innovation (Johnstone et al., 2010; Jiang

et al., 2013). For tests of the strong Porter’s hypothesis,

that environmental regulation enhances firm

competitiveness through the innovation compensation

effect, most studies have used productivity as a proxy for

competitiveness and have found that under certain

conditions, environmental regulation can indeed enhance

productivity (Wang and Liu, 2014; Ren et al., 2019).

Furthermore, a large number of domestic studies have shown

that Porter’s hypothesis has a threshold effect on the intensity of

environmental regulation (Fu and Li, 2010; Dong and Wang,

2019) and the level of regional economic development (Zhang
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et al., 2011). That is, the Porter effect can be realized only when

the intensity of environmental regulation or the level of economic

development reaches a certain level. In addition to formal

environmental regulations imposed by the government, public

environmental awareness, media opinion guidance, and the

power of environmental organizations can also influence

firms’ pollution behavior, and these factors are sometimes

referred to as informal environmental regulations (Pargal and

Wheeler, 1996). The results of Yuan and Xie (2014) show that

both informal and formal regulations contribute to industrial

restructuring. Some scholars have also studied the issue from the

perspective of environmental decentralization, Wu et al. (2020a)

arguing that with the further expansion of environmental

decentralization, the local government’s autonomous choice of

pollution control is improved. The improvement of

environmental decentralization can lead to negative

moderating effect of environmental regulation on green total

factor energy efficiency.

In terms of research on environmental regulation and

corporate technology investment, scholars argue that when

companies face strict environmental regulation, whether by

increasing pollution control expenditure to control pollution

emissions or by improving pollution control technology to

offset the increase in cost expenditure brought about by

government environmental regulation, it will inevitably

increase the cost and expense of companies and reduce

their profitability. At this point, enterprises may close

down some highly polluting production projects and

allocate their capital to high-return, low-threshold, non-

polluting financial-like businesses instead. Some scholars

have also argued the opposite, arguing that although

investment in environmental technology will increase a

company’s operating costs, it will be beneficial in the long

run, both for the company itself and for the ecological

environment as a whole. Ren et al. (2022) believe that

green investment can reduce environmental pollution by

improving efficiency of energy conservation and emission

reduction, expanding technological innovation capabilities

and upgrading the industrial structure. Environmental

regulation has effectively constrained the increase in carbon

emissions in eastern and central China (Wu et al., 2020b).

Although many literatures have provided empirical

evidence on environmental regulation and enterprise

technology investment, there are still some shortcomings.

First, regulation is highly correlated with some factors (e.g.

the level of economic development) that are positively

correlated with technology investment, so it is difficult to

solve the endogeneity problem. Moreover, different from the

previous environmental regulation, the construction of

ecological civilization directly changes the incentives of

local governments. There is still no empirical evidence on

how such a policy that fundamentally changes the regulator’s

behavior function affects technology investment.

Government subsidies and technology
investment

Technology innovation usually faces financing constraints,

which can be alleviated by government subsidies. The innovation

of firms has two important distinguishing characteristics: having

long-term effects and being fraught with uncertainty. Hence,

firms often face difficulty in obtaining low-cost external financial

support, so their funds mostly come from internal financing.

However, internal financing is usually far inferior to external

financing in terms of capital scale and is also subject to firms’

operations. When the market environment is unstable, the scale

of internal financing can fluctuate greatly, causing innovation

activities to stagnate due to the breakage of the capital chain (Ju

et al., 2013). Additionally, innovation activities typically have

high adjustment costs, and sudden interruption and re-

continuation can create operating losses for firms (Hall, 2002).

Financing constraints are an important challenge for firms’

seeking to invest in technological innovation. However,

government subsidies can provide net cash inflows to firms,

but existing studies on using government subsidies to promote

innovation have not found consistent empirical evidence that this

is the case. Li et al. (2013) show that government subsidies can

promote innovation investment and also stimulate firms to

increase their innovation investment through bond financing.

However, a study by Zhou et al. (2015) on the “new” energy

industry shows that government support is hardly effective in

encouraging firms to invest more in research and development

(R&D) after industry expansion. Li et al. (2017) found that

government innovation subsidies were positively correlated

with firms’ total innovation investment but negatively

correlated with the private portion of firms’ innovation

investment, suggesting that government innovation subsidies

actually crowd out firms’ own innovation investment.

Unlike external financing in the usual sense such as bank

loans, government subsidies can come in the form of financial

subsidies or tax concessions for political, economic, or social

reasons in order to guide industrial development or inhibit the

occurrence of certain unintended economic behaviors (Pan et al.,

2009), Government subsidies do not typically have profit-making

motives, and their disbursement is determined by government

goals. Therefore, the influence of government subsidies on firm

innovation under specific government objectives is more relevant

to this paper. In the specific context of ecological civilization

construction, government subsidies can work together with

environmental regulations to help firms undergo technological

transformation to help with energy saving and emission

reduction. The results of the analysis by Acemoglu et al.

(2012) showed that the combination of government

environmental pollution taxes and R&D subsidy policies could

promote clean innovation without sacrificing economic growth,

and Su and Zhou (2019) found that government subsidies had a

positive moderating effect on the “U-shaped” relationship
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between formal environmental regulations and firms’ innovation

output.

Although existing studies have shown the complex impact of

government subsidies on technology investment, it should be

pointed out that government subsidies are always a resource

allocated by the government. For companies, acting on the

incentives of local governments can lead to more resource

allocation. Therefore, it is necessary to introduce the factor of

government subsidy into the analytical framework of this paper.

Institutional background and
research hypothesis

Institutional background

With the development and changes of China’s political and

economic systems, the incentive faced by government officials

has also changed. Prior to 1978, the selection and promotion of

local officials was entirely based on politics, resulting in a lack of

motivation for local governments to work toward the

development of their regional economies. Since the Third

Plenary Session of the Eleventh Central Committee, the

Chinese Communist Party shifted its focus from class struggle

to economic construction, after which regional economic

development, especially the performance of GDP growth,

became an important basis for the promotion of local officials

(Li and Zhou, 2005). In addition, the fiscal lump-sum system of

the 1980s and the tax sharing reform in the 1990s both gave local

governments a considerable degree of economic autonomy by

giving them the ability to influence local GDP growth rates.

Coupled with a high degree of political centralization, the

promotion of officials is usually determined by superiors, and

a top-down promotion tournament model with economic

performance as the main assessment indicator has gradually

developed in China. An obvious drawback of this model is

that “economic performance” indicators such as GDP growth

rate become the main goal of local governments, while

noneconomic performance indicators such as environmental

quality become seriously neglected.

In recent years, with the slowdown of China’s economic

growth, a series of environmental problems such as resource

shortages and environmental degradation have become more

and more prominent, and questions about “simply judging

heroes by GDP growth rate” have been raised. In this context,

the flaws of the above-mentioned traditional promotion

tournament model have been dramatically magnified,

especially the environmental problems caused by irrational

government-led investments. For this reason, environmental

quality has been incorporated into the assessment system of

Chinese officials in some form, and in 2007, the “Eleventh Five-

Year Plan for National Environmental Protection” stated that

local governments should be responsible for the environmental

quality of their administrative areas and implement their

environmental responsibilities and established an

environmental protection target responsibility system to

strengthen evaluation and assessment. In 2010, the Ministry

of Organization issued the “Comprehensive Assessment and

Evaluation Measures for Local Party and Government

Leadership Teams and Leading Cadres (for Trial

Implementation)", which stipulated that “energy conservation,

emission reduction and environmental protection” would be

included as assessment contents for the CCP’s leadership

team. As chairman Xi Jinping said, “no longer can we simply

judge the hero by the growth rate of GDP."

In order to tackle the issues of resources and the

environment, accelerate the construction of a resource-saving

and environment-friendly society, and continuously improve the

level of ecological civilization, the National Development and

Reform Commission, the Ministry of Finance, the Ministry of

Land and Resources, the Ministry of Water Resources, the

Ministry of Agriculture, the State Forestry Administration,

and other six departments formulated and released the

“National Ecological Civilization Advance Demonstration

Zone Construction Program (Trial)" on 2 December 2013,

which planned to set up a number of ecological civilization

demonstration zones throughout the country to carry out

pilot work for ecological civilization construction. The

Program not only puts forward the objectives and tasks

directly linked to the construction of an ecological civilization

but also requires the demonstration zones to implement

institutional mechanisms and establish ecological culture

systems.

Some innovative institutional mechanisms include:

significantly increasing the weight of the indicators that reflect

the construction of an ecological civilization in the

comprehensive evaluation system of regional economic and

social development, establishing an accountability system for

the construction of an ecological civilization and a lifelong

accountability system for leading cadres, taking the lead in

exploring the preparation of natural resources assets and

liability statements, and integrating the leading cadres’ natural

resources assets and resources and environment into the

discharge audit., Goals related to the establishment of an

ecological culture system include: cultivating the concept of an

ecological civilization as engendering mainstream social values,

strengthening ecological civilization publicity and education, and

advocating “green” lifestyles and consumption patterns. Two

batches of demonstration zones were approved to be established

in October 2014 and December 2015.

Research hypothesis

From the above we can see that the establishment of the

demonstration zones not only gives local governments a set of
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clear goals but also, makes corresponding adjustments to

official’s incentives. First, it directly adds the weight of

environmental performance to the general performance

appraisal system of officials (for example, requirements related

to innovative institutional mechanisms). Second, the policies are

closely followed by the official Chinese state media, in order to

strengthen the publicity and education of ecological civilization

construction. Higher public attention related to the construction

of an ecological civilization may increase the marginal benefit of

the government’s environmental protection work in terms of

public satisfaction and thus indirectly increase the importance of

environmental performance. Finally, as an element of officials’

incentives, environmental performance is different from

traditional economic factors as an indicator of officials’

performance Local governments may be willing to improve

their environmental performance even though it may be at

the expense of GDP growth in the short run.

Firms are the largest emitters of pollution in China (Fan

and Zhang 2018), but firms often lack incentives to control

pollution. Thus, in order to achieve better environmental

performance, local governments have an incentive to adopt

stricter environmental regulations that to internalize the

externality costs of pollution to the emitting firms. In

China, although environmental laws and standards are set

by state authorities, local governments can still influence the

intensity of environmental regulations by enacting local laws

and regulations, and normative documents on environmental

protection. However, even without this regulatory system,

local governments can still change the intensity of

environmental regulations by changing the intensity of

enforcement. In fact, a large number of studies based on

regional panel data have been predicated on the fact that

environmental regulation varies in regional and temporal

dimensions. In addition to direct formal environmental

regulation, local governments can also try to influence

public opinion, environmental organizations, and other

social forces to form informal environmental regulations on

polluting firms through publicity and education (Pargal and

Wheeler, 1996).

Following the results of existing research on

environmental regulation, we now argue that the above-

mentioned effects of ecological civilization construction on

polluting firms can promote technological investment

actually. To begin, stronger environmental regulation

means higher pollution costs, and technological investment

in energy conservation and emission reduction can bring

higher marginal returns. Next, typical environmental

regulation is born in local governments, and its intensity

may fluctuate with these governments’ willingness to

regulate, but ecological civilization construction goals are

set by the central government and monitored by the

relevant central departments, which are relatively more

exogenous to local governments and are more stable

making technology investment by local firms less uncertain.

In addition, most existing research shows that both formal and

informal environmental regulations can promote corporate

technology investment. Finally, technology investment is

conducive to pollution control, energy conservation and

emission reduction, production efficiency improvement,

and industrial upgrades. As mentioned above, according to

the theory of legitimacy, polluting firms are motivated to make

more technology investments to maintain their “legitimacy".

Though the above argument may apply to all firms in China,

there are differences in its applicability to firms with different

operating conditions. Compared to firms with good operating

conditions, firms with poor operating conditions may be less

likely to be influenced by the construction of an ecological

civilization to invest in technology. Firms with poor operating

conditions may face lower future demand, which means fewer

current investment opportunities and less need for technology

investment aimed at pollution prevention. However, the strategic

management theory holds that the key to technological

innovation of firms lies in access sufficient financial resources.

Firms with poor operating conditions usually have unstable

operating cash flows, poor internal financing capabilities, and

high external financing costs. As a result, their ability to make

innovative technological investments is low. In addition, local

governments and the public (who are aware of the above) tend to

place lower environmental requirements on these types of firms

with poor operating conditions, and consequently impose fewer

environmental regulations on them.

Based on the above we propose the following research

hypothesis.

Hypothesis: The establishment of demonstration zones

promotes technological investment in polluting firms with

better operating conditions.

Figure 1 shows the logical framework and the steps of

empirical analysis:

Obviously, the main hypothesis is represented by the solid

arrows in the figure. The figure also shows the action path of

the hypothesis: first, ecological civilization construction

enhances local governments’ demand for environmental

performance; second, local governments adopt stricter

environmental regulations; and finally, enterprises increase

technological investment as a response. In addition, the figure

shows several variables that will have an important impact on

the hypothesis, which will be discussed further later: first, the

level of regional economic development will affect the impact

of ecological civilization construction on the environmental

performance demand of local governments; second, the

intensity of environmental regulation corresponds to the

stricter environmental regulation adopted by local

governments; third, firm characteristics, including

corporate social responsibility and government subsidies,

affect the degree to which companies respond to

environmental regulations.
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Model design and sample selection

Model design

Empirical research on environmental regulation’s impact to

corporate behavior usually have endogenous problems: there

may be invisible factors, at the same time affect the intensity

of environmental regulation and the enterprise behavior, for

example, the public environmental awareness could encourage

local enterprises increase environmental investment, prompted

the local government to strengthen environmental regulation at

the same time, it’s hard to say the observed behavior is caused by

environmental regulation. The construction of ecological

civilization provides a good exogenous impact: first, the

establishment of ecological civilization demonstration zone is

the decision of the central government, which is unlikely to be

anticipated by local governments and enterprises; second, the

distribution of demonstration areas in the east, middle and west

is relatively uniform, which indicates that the selection of

demonstration areas is random to a certain extent. DID is a

conventional model that uses exogenous shocks for empirical

testing. On the one hand, the average effect of policies can be

obtained through the difference between before and after the

time point. On the other hand, through the difference between

the experimental group and the control group, the time trend

outside the policy can be eliminated and the net effect of the

policy can be obtained. Therefore, this paper constructs the DID

model for empirical test, as follows:

Anderson et al. (2003) constructed a cost stickiness model

based on the positive relationship between cost and business

volume, and Liu and Zhang (2018) constructed a regression

model of fixed asset investment and business volume based on

Anderson et al. to observe the behavior of firm to reduce capacity.

Drawing on these existing models, we construct a regression

model of technology investment and business volume to measure

the intensity of firms’ technology investment.

Ln[ IAit

IAit−1
] � α0 + α1it Ln[ Saleit

Saleit−1
] + εit (1)

Here, IA denotes the original value of intangible assets excluding

land use rights as a proxy variable for technology investment (Hao

et al., 2014); Sale denotesmain business income as a proxy variable for

business volume; and the coefficient a1 reflects the intensity of

technology investment. We note that a1 has different meanings

when business volume rises and falls, respectively. When business

volume rises, the larger a1 is, the greater the technical investment

intensity (the greater the investment rises with the business volume),

and when business volume falls, the larger a1 is, the smaller the

technical investment intensity. In order to distinguish between these

twomeanings and to testHypothesis, we divide the total sample into a

poor business group and a good business group according to whether

business volume declines or not in our later empirical analysis.

As mentioned earlier, the focus of this paper is on how the

establishment of demonstration zones affects the technological

investment intensity of polluting firms; we are thus interested in

the change in the magnitude of a1 in model (1). Since it is

impractical to measure the value of a1 for each “firm-year”, we

propose the following model for factors that influence technology

investment intensity, drawing on Banker et al.’s (2013) approach.

α1it � β0 + β1 itTit + β2 itTPit +∑m
j�3
βjitXjit + εit (2)

Here, T is a dummy variable for whether the firm is in the

demonstration area; TP is the interaction term of DID; and X is

control variables. Referring to the existing research on

FIGURE 1
Logical framework and the steps of empirical analysis.
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environmental regulation and enterprise innovation (Su and

Zhou, 2019), control variables include: the nature of property

rights, return on total assets, gearing, firm size, firm age, market

power, and operating income growth rate as defined fully in

Table 1. Substituting model 2) into model 1) yields our baseline

regression model.

Ln[ IAit

IAit−1
] � α0 +⎛⎝β0 + β1 itTit + β2 itTPit

+∑m
j�3
βjitXjit

⎞⎠* Ln[ Saleit
Saleit−1

] + εit (3)

In model (3), in the rising business volume group, if ß2 is

significantly positive, then this indicates that the establishment of

the demonstration zone promotes technological investment in

polluting firms, and the coefficients of the falling business volume

group are interpreted in the opposite way.

Sample selection

The demonstration zones were established in two batches,

October 2014 and December 2015, so we take the end of 2014 as

the time point for the establishment of the first batch of

demonstration zones and the end of 2015 in the same way,

and take A-share listed companies, belonging to the heavily

polluting industry, registered in the demonstration zones as

the experimental group and A-share heavily polluting listed

companies registered not in the demonstration zones as the

control group, then construct a DID model. Our definition of

a heavy pollution industry is taken from the study of Pan et al.

(2019). Industry information and property rights data are from

the RESSET database, air quality index data is from CNRDS

database, and registered address, company age information, and

other financial data are from the CSMAR database. After

excluding samples with missing data, we obtained 474 A-share

listed companies in the heavy pollution industry with

2,370 observations over 5 years were. To eliminate the effects

of extreme values, we winsorize all continuous variables by 1% at

both ends of the distribution.

Empirical results and analysis

Descriptive statistics

Establishment of demonstration zones
Table 2 shows the distribution of the early demonstration

zones for China’s ecological civilization construction. The

demonstration zones in the three major regions of east,

central, and west China are more evenly distributed, with

relatively more demonstration zones at the provincial level in

the west and relatively more demonstration zones at the county

TABLE 1 Definition and calculation formulae of variables.

Variable Type Definition and calculation

IA DV The original value of intangible assets excluding land use rights

Sale DV operating income

T DV A dummy variable that is 1 is it is in the demonstration area and 0 otherwise

TP DV The dummy variable that is 1 if it is in the demonstration area after the establishment is approved and 0 otherwise

Subs DV Government subsidy variable, government subsidy/operating income

Area DV The dummy variable that is 1 if it is in the eastern region and 0 otherwise

Csr DV Social responsibility variable, taken from the total score in the social responsibility report of listed companies of Hexun.com

AQI DV Air quality index, take the natural logarithm

Soe CV This dummy variable for property rights is 1 for state-owned firms and 0 otherwise

Lev CV Gearing, total liabilities at the end of the period/total assets at the end of the period

Size CV The firm size variable, the natural logarithm of total assets at the end of the period

Age CV The firm’s age variable

Market CV Market power variables, main business income/main business cost

Growth CV The growth rate variable, the increase in the main operating income of the current period/the main operating income of the
previous period

Note: This article decentralizes the continuous variables in the control variables when performing regression.

TABLE 2 Demonstration area distribution.

Eastern Central Western

Provincial demonstration area 1 1 3

Municipal demonstration area 20 20 17

District and county demonstration area 16 5 10
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level in the east. There are also more demonstration zones at the

municipal level in general.

Table 3 shows the regional distribution of A-share listed

companies in heavy pollution industries. Heavy pollution listed

companies in nondemonstration areas number about twice as

many as those in demonstration areas. The heavy pollution listed

companies in the eastern region are roughly as numerous as those

in the central and western regions combined, and the treatment

group belonging to municipal demonstration areas has the

largest sample, followed by provincial demonstration areas,

and district and county demonstration areas, in that order.

Descriptive statistics of the variables
Table 4 shows the descriptive statistics of the main variables.

The mean value of technical assets is 17.425, and the mean value

of operating income is 21.945, indicating that the scale of

technical assets of our sample companies, namely listed

companies in China’s heavy pollution industry has been

considerable. The maximum value of technical assets is

24.855, and the minimum value is 8.437, indicating that the

sample companies have great differences in technology

investment. In addition, the mean value of asset-liability ratio

is about 50%, and the mean value of listed years is about 12%,

which is similar to the general situation of Chinese listed

companies, indicating that our sample is representative to

some extent.

TABLE 3 Regional distribution of heavily polluting listed companies.

Eastern Central Western Total

Non-demonstration area 200 81 55 336

Demonstration area 65 33 40 138

Provincial demonstration area 18 11 22 51

Municipal demonstration area 43 22 18 83

the district and county demonstration area 4 0 0 4

Total 265 114 95 474

TABLE 4 Descriptive statistics.

Variable Obs Mean Std.Dev. Min Max

LnIA 2,370 17.425 2.665 8.437 24.855

LnSale 2,370 21.945 1.497 16.201 28.689

Lev 2,370 0.478 0.210 0.016 1.242

Size 2,370 22.584 1.391 18.902 28.509

Age 2,370 11.846 6.215 1.000 25.000

Market 2,370 1.334 0.785 0.688 28.657

Growth 2,370 0.185 1.175 −0.901 36.395

AQI 2,370 4.468 0.315 3.617 5.244

Subs 2,370 0.019 0.342 0.000 16.570

SA 2,370 −3.547 0.280 −4.157 −1.800

CSR 2,370 23.735 18.367 −9.740 82.320

TABLE 5 Test results for Hypothesis.

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

Rising Falling

Variables dLnIA dLnIA dLnIA dLnIA

PT_dLnSale 1.012*** 0.847*** 0.083 0.175

(4.66) (3.68) (0.22) (0.45)

T_dLnSale −0.403** −0.374** −0.394 −0.472

(−2.28) (−2.02) (−1.21) (−1.43)

dLnSale 0.732*** 0.539*** 0.445** 0.985

(7.70) (3.75) (2.44) (1.44)

SOE_dLnSale — 0.078 — −0.198

— (0.56) — (−0.71)

Lev_dLnSale — −0.595* — −0.046

— (−1.73) — (−0.09)

Size_dLnSale — 0.061 — 0.100

— (1.26) — (0.97)

Age_dLnSale — 0.017 — 0.054**

— (1.63) — (2.49)

Market_dLnSale — 0.534*** — 0.044

— (3.35) — (0.13)

Growth_dLnSale — 0.064 — 0.731

— (1.25) — (0.69)

Constant 0.080 0.073 0.191* 0.206*

(0.75) (0.67) (1.93) (1.90)

Industral Control Control Control Control

Year Control Control Control Control

Observations 1,634 1,634 889 889

R-squared 0.082 0.096 0.029 0.041

r2_a 0.0703 0.0804 0.00512 0.00935

F 6.884 6.101 1.217 1.299

Note: t-values in parentheses; ***, **, * indicate statistical significance at the 1%, 5%, and

10% levels, respectively.
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Test of hypothesis

Table 5 presents the results of our test of Hypothesis. The

coefficient of the interaction term for the group with rising

business volume was 1.012, and was statistically significant at

the 1% significance level. After adding the control variables, this

coefficient was 0.847 and was still significant at the 1% level. This

result means that after the establishment of the demonstration

zone, compared with the enterprises in the non-demonstration

zone, the enterprises in the demonstration zone will increase

their technology investments by 84.7% for the growth of each

unit of operating revenue. The coefficient for the group with

falling business volume was not statistically different from zero.

This indicates that the approval of the demonstration zone

promotes technological investment in local polluting firms

with better business conditions, so we fail to reject Hypothesis.

Robustness tests

Parallel trend test
Parallel trend is a prerequisite for applying the DiD model.

To this end, we built the following model based on model 3) to

test whether our main model conforms to the parallel trend:

Ln[ IAit

IAit−1
] � α0 + (β0 + β1 itTit + β2 itTPit + β3 itDumit + β4 itDumitTit+

β5 itDumitTPit +∑m
j�6
βjitXjit)*Ln[ Saleit

Saleit−1
] + εit

(4)

Here, TP_1/2/3 denote the TP in the 1–3 years before the

policy, TP1/2/3 denote the TP in the 1–3 years after the policy.

The coefficients ß2b1, ß2b2, and ß2b3 need to be insignificant.

The regression results are shown in Figure 2. Obviously, there

is no significant difference between the experimental group and

the control group in the 1–3 years before the policy, which

conforms to parallel trend.

Placebo test
To avoid the possibility that our results were due to chance,

that is, the randomly assigned experimental and control groups

produced the existing regression results, we also performed a

placebo test. Specifically, we randomly divided the sample into a

virtual experimental group and a virtual control group according

to the actual proportion, and then repeated the test 500 times.

The results are shown in Figure 3. The results are shown in

Figure 3. On average, the absolute value of the coefficient (<0.2) is
much smaller than the main test (0.847) and close to 0, and most

p values are much larger than 10%. These results indicate that the

placebo test cannot obtain the previous results, which supports

its robustness.

The DDD model
One problem with our DID model is that there may be other

factors that have inconsistent effects on the technological

investment intensity of firms in demonstration and

nondemonstration zones. For example, the government

support for technological upgrading of firms may differ from

place to place, thus biasing the estimation results. We thus

introduce a DDD model to overcome this problem. We select

the companies in manufacturing industries that do not belong to

heavy-polluting industries as the other pair of treatment and

control groups. Because the central object of the demonstration

zones are listed companies in heavy-polluting industries and the

impact on nonheavy-polluting listed companies is small, the

difference between the treatment group and control group in

heavy-polluting industries is subtracted from the difference

FIGURE 2
Parallel trend.

FIGURE 3
Placebo test.
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between the treatment group and control group in nonheavy

polluting industries so that other factors that have influence on

both can be excluded. The specific model is as follows.

Ln[ IAit

IAit−1
] � α0 + (β0 + β1 itTit + β2 itTPit + β3 itDumit + β4 itDumitTit+

β5 itDumitTPit +∑m
j�6
βjitXjit)* Ln[ Saleit

Saleit−1
] + εit

(5)

Here, Dum is a dummy variable for whether the firm belongs

to a heavily polluting industry (1 if it belongs). In the rising

business volume group, if the coefficient ß5 of the DDD term is

significantly positive, this indicates that the treatment effect of

ecological civilization construction is stronger for listed

companies in heavily polluting industries.

Table 6 presents the regression results for model (5). The

coefficient of the DDD term is 0.567, which is statistically

significant at the 5% significance level. After adding the

control variables this coefficient 0.591, which is still significant

at the 5% significance level. These results indicate that the main

effect in heavily polluting enterprises is 59.1% greater than that of

non-heavy polluting enterprises. Furthermore, this means that

the results of the benchmark regression are still robust after

excluding the influence of some other possible non-

environmental regional factors.

Further study

Regional economic development

The level of regional economic development has a crucial

influence on the baseline hypothesis of this paper. An ecological

civilization in the context of modern China can only occur after a

transition from a purely industrial civilization that has achieved

some requisite level of development. Thus, regions with high

industrialization levels are more primed to transition to the

concept of an ecological civilization. The differences in the

level of regional economic development in China are reflected

in the polarization between the eastern regions that have a high

level of industrialization and the central and western regions that

have a low level of industrialization. This means that the concept

of an ecological civilization lends itself more readily to the eastern

regions than to the central and western regions.

From the perspective of local government incentives in these

regions, it is difficult for GDP growth rate indicators to continue

to “outperform” in the more developed regions. In addition,

residents in economically developed regions have a higher

standard of living, and the construction of an ecological

civilization is more likely to stimulate the environmental

protection demands of the populace, so local governments

may be more motivated to work on environmental

performance in order to maintain the perception of their

authority and public approval. Moreover, in the context of

fiscal decentralization, economically developed regions have

stronger financial strength and are more capable of doing

work on environmental protection. China’s central

government can also selectively emphasize the environmental

performance of developed regions or the economic performance

of underdeveloped regions. Therefore, the impact of ecological

civilization construction on local government incentives is

stronger in economically developed regions.

For firms’ technology investment the more stable the

macroeconomic conditions, more sound the institutions, and

TABLE 6 DDD test results.

(1) (2)

Variables dLnIA dLnIA

Dum_PT_dLnSale 0.567** 0.591**

(2.17) (2.26)

Dum_T_dLnSale −0.211 −0.288

(−0.94) (−1.28)

Dum_dLnSale −0.186 −0.151

(−1.64) (−1.31)

PT_dLnSale 0.267* 0.158

(1.77) (1.04)

T_dLnSale −0.110 −0.053

(−0.88) (−0.43)

dLnSale 0.918*** 0.807***

(15.73) (8.40)

SOE_dLnSale — −0.055

— (−0.66)

Lev_dLnSale — −0.580***

— (−3.04)

Size_dLnSale — 0.147***

— (4.78)

Age_dLnSale — −0.004

— (−0.72)

Market_dLnSale — 0.010

— (0.19)

Growth_dLnSale — 0.094*

— (1.90)

Constant 0.063 0.054

(0.62) (0.53)

Industral Control Control

Year Control Control

Observations 5,046 5,046

R-squared 0.091 0.096

r2_a 0.0829 0.0875

F 11.60 10.87

Note: t-values in parentheses; ***, **, * indicate statistical significance at the 1%, 5%, and

10% levels, respectively.
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higher the level of human capital, the stronger the promotion

effect of environmental regulation on firm technology

investment. In addition, most of the existing empirical results

on how environmental regulation promotes firm innovation

support the threshold effect of regional economic

development on environmental regulation. Based on this, we

further expect the effect of ecological civilization construction to

be stronger in the eastern region where the level of economic

development is higher.

Column 1) of Table 7 shows that the coefficient of

Area_pt_dLnSale is 0.798 and significant at the 10% level,

indicating that the effect of ecological civilization construction

in the eastern region is 79.8% stronger than that in the middle

and western regions. This means that the level of regional

economic development has a positive moderating effect on the

impact of ecological civilization construction.

Environmental regulation intensity

As stated in the research hypothesis section, driven by the

requirements of the central government on environmental

performance, the government of the demonstration area will

implement stricter environmental regulations on enterprises

to improve their environmental performance. Obviously, the

intensity of environmental regulation implemented by local

government is an important condition for the main effect.

Where strong environmental regulations are adopted, the

impact of ecological civilization construction on enterprise

technology investment should be stronger.

We use the direct result of environmental regulation,

regional air quality index (AQI), to measure the intensity

of local environmental regulation. The better the air quality,

the stronger the environmental regulation. After adding the

interaction term of AQI in model (3), the regression results are

shown in column (2) of Table 7, the coefficient of

AQI_pt_dLnSale is significantly positive at the 5% level.

This means that the stronger the local environmental

regulation, the stronger the impact of ecological civilization

construction.

Corporate social responsibility

Although the purpose of environmental regulation is to

eliminate the externalities of pollution and the transfer of

pollution costs to polluting firms is reasonable in the

normative sense, the technological investment made by

polluting firms due to the pressure of environmental

regulation shifts the original equilibrium to a certain extent

and may also be a concession to the broader interests of society

as a whole. On this basis, if a firm already contributes a lot to

the local society, the environmental protection needs of the

TABLE 7 Further analysis: regional economic development,
environmental regulation intensity, and corporate social
responsibility.

(1) (2) (3)

Variables dLnIA dLnIA dLnIA

Area_PT_dLnSale 0.798* — —

(1.83) — —

Area_T_dLnSale 0.215 — —

(0.56) — —

Area_dLnSale −0.035 — —

(−0.24) — —

AQI_PT_dLnSale — 1.750** —

— (2.10) —

AQI_T_dLnSale — −2.155*** —

— (−3.45) —

AQI_dLnSale — 0.693*** —

— (2.74) —

CSR_PT_dLnSale — — −0.031**

— — (−2.38)

CSR_T_dLnSale — — 0.007

— — (0.80)

CSR_dLnSale — — −0.006

— — (−1.07)

PT_dLnSale 0.452 0.727*** 0.835***

(1.53) (2.74) (3.52)

T_dLnSale −0.461* −0.239 −0.363*

(−1.86) (−1.27) (−1.87)

dLnSale 0.541*** 0.622*** 0.541***

(3.17) (4.26) (3.77)

SOE_dLnSale 0.098 −0.031 0.068

(0.70) (−0.22) (0.48)

Lev_dLnSale −0.665* −3.099** −0.709**

(−1.94) (−2.24) (−2.03)

Size_dLnSale 0.063 −1.141*** 0.083*

(1.31) (−3.01) (1.65)

Age_dLnSale 0.024** 0.050 0.017

(2.22) (1.02) (1.62)

Market_dLnSale 0.583*** 0.028*** 0.542***

(3.63) (2.61) (3.37)

Growth_dLnSale 0.070 0.643*** 0.061

(1.29) (3.64) (1.19)

Constant 0.076 0.055 0.074

(0.71) (1.04) (0.69)

Industral Control Control Control

Year Control Control Control

Observations 1,539 1,539 1,539

R-squared 0.102 0.105 0.099

r2_a 0.0843 0.0870 0.0814

F 5.719 5.730 5.546

Note: t-values in parentheses; ***, **, * indicate statistical significance at the 1%, 5%, and

10% levels, respectively.
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government and society caused by the construction of an

ecological civilization may be smaller for this firm. That is,

the role of ecological civilization construction in promoting

technology investment will be smaller. Furthermore, it may

also be that firms that contribute a lot to society are larger

firms that contribute more to GDP growth and may be more

socially responsible. These firms may also have higher levels of

technology investment compared to other firms. Hence, the

marginal effect of ecological civilization construction on this

type of firm’s technology investment impact may be weaker.

Based on this, we further expect the effect of ecological

civilization construction to be stronger in firms with less

existing social responsibility.

Column (3) of Table 7 shows that the coefficient of

CSR_pt_dLnSale is −0.031 and significant at the 5% level.

This indicating that corporate social responsibility has a

negative moderating effect on the impact of ecological

civilization construction, for 1 standard deviation increase

in CSR, the main effect decreased by 4.0% (23.74*0.031/

18.37).

TABLE 8 Further analysis: government subsidies.

(1) (2) (3)

Full sample Larger financing constraints Smaller financing constraints

Variables dLnIA dLnIA dLnIA

Subs_PT_dLnSale 41.259** 77.252** −5.742

(1.98) (2.34) (−0.20)

Subs_T_dLnSale −20.576 −33.515 0.351

(−1.23) (−1.35) (0.01)

Subs_dLnSale 10.195** 4.103 23.659***

(2.49) (0.83) (3.03)

PT_dLnSale 1.346*** 1.686*** 1.095**

(4.05) (3.09) (2.48)

T_dLnSale −0.597** −0.826** −0.611*

(−2.31) (−2.07) (−1.69)

dLnSale 0.611*** 0.325 0.725**

(4.18) (1.23) (2.45)

SOE_dLnSale 0.089 0.208 −0.026

(0.64) (1.13) (−0.11)

Lev_dLnSale −0.704** −0.206 −0.434

(−2.04) (−0.44) (−0.75)

Size_dLnSale 0.074 0.159** 0.009

(1.52) (2.35) (0.12)

Age_dLnSale 0.017 0.071*** −0.020

(1.64) (2.90) (−0.65)

Market_dLnSale 0.539*** 0.796*** 0.065

(3.38) (3.89) (0.22)

Growth_dLnSale 0.082 0.112* −0.169

(1.58) (1.75) (−1.14)

Constant 0.076 0.016 0.161

(0.71) (0.10) (1.09)

Industral Control Control Control

Year Control Control Control

Observations 1,539 689 850

R-squared 0.101 0.206 0.068

r2_a 0.0835 0.170 0.0353

F 5.668 5.702 2.070

Note: t-values in parentheses; ***, **, * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.
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Government subsidies

As pointed out in the previous section, although existing

studies have not reached the conclusion that government

subsidies have a catalytic effect on firm innovation, in the

context of ecological civilization construction, the catalytic

effect of government subsidies on firm technology investment

comes to the fore. First, it is difficult to achieve productivity

improvement and energy saving and emission reduction in the

short term. Rather, it typically requires a large net investment

of resources in the early stage of investment and a long-time

horizon. Government subsidies can provide great to polluting

firms, especially those facing strong financing constraints, and

these subsidies therefore have a stronger marginal role in

technology investment. Second, subsidies aimed at achieving

“environmental performance” are more targeted. Government

subsidies can be combined with environmental regulation

assessment objectives, forming an effective post-event

monitoring of the use of their use, which is conducive to

solving the problem of information asymmetry between the

government and firms. Finally, in the past in order to strive for

economic performance, local governments usually spent huge

amounts of financial resources to make or assist firms to make

investments that they predicted would boost GDP growth in

the short term, such as large-scale infrastructure construction,

resulting in serious fiscal deficits and subsidies for firms to

invest in technology. However, the construction of an

ecological civilization makes economic performance

relatively less important. In summary, we expect

government subsidies to have a positive moderating effect

on the construction of an ecological civilization and for this

effect to be achieved by easing the financing constraints faced

by firms.

Column 1) of Table 8 shows that the coefficient of

Subs_pt_dLnSale is significantly positive at the 5% level of

significance in the full sample. This indicating that

government subsidies do have a positive moderating effect

on the impact of ecological civilization construction, with

1 standard deviation increase in Subs enhances the main effect

by 226.8% (41.259*0.0188/0.342). Column 2) and Column 3)

show that the coefficient is significantly positive only in the

sample with larger financing constraints, and not in the

sample with smaller financing constraints. This indicates

that the positive moderating effect of government subsidies

primarily occurs by alleviating the financing constraints of

firms.

Conclusion

This paper examined the impact of China’s ecological

civilization construction on firm technology investment. We

find that firms in the demonstration zones make more

investment in technology after the policy, and the necessary

condition for this effect is that the firms are in a state of growth.

Our evidence also shows the moderating effect of the level of

regional economic development, the intensity of environmental

regulation, corporate social responsibility and government

subsidies on the main effect, respectively supporting the part

of the logical chain that ecological civilization construction

affects enterprise technology investment through local

government incentives and environmental regulations.

These findings have some further implications. First, the

construction of ecological civilization adds a new input factor to

the behavior function of local governments based on economic

and environmental performance, which is helpful to improve the

analysis framework of the behavior of local governments and

enterprises in the new development stage of China, which

attaches importance to the environment. Second, we found

that the regional economic development level is an important

moderating variable. This hints at the fact that China’s central

government assigns different political tasks to different regions

according to their level of economic development and resource

endowments. Thirdly, we also reveal the key problem that needs

to be solved to promote enterprise technology investment in

ecological civilization construction, namely enterprise financing.

The dependence of enterprises on government subsidies makes it

difficult for enterprises with strong financing constraints to

survive under strict environmental regulations, and some of

these enterprises are important new forces in economic

operation.

Inevitably, there are still some shortcomings in our article.

First of all, the requirements of the Chinese central government

for ecological civilization construction are constantly changing.

Just like the policies and the establishment of demonstration

zones that are concerned in this paper, our study only provides

some preliminary empirical evidence. Secondly, the public,

investors, creditors and other stakeholders of enterprises will

be affected by the construction of ecological civilization.

However, our research object is limited to enterprises, and the

breadth of research is still insufficient. Finally, the span between

the explanatory variables and the explained variables in our study

is large, and the tests are general to a certain extent, which

requires more detailed theoretical analysis and empirical tests.

This paper also has some implications for future research. As

the policy advances and the economy changes, the impact of

ecological civilization will evolve in breadth and depth. In terms

of breadth, the role of eco-civilization is not limited to

enterprises. Firstly, as a campaign promoted by the central

government, the construction of ecological civilization firstly

affects the incentive function of the local government, for

example, the change from economic performance to

environmental performance, which can be analyzed

empirically in future studies. Secondly, the public is usually

the main victim of environmental problems, so the impact of

the ecological civilization on public satisfaction is also worthy of
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attention. Thirdly, how does the construction of an ecological

civilization affect the stakeholders of a company, such as

investors, banks, creditors, and specifically, how does it react

in terms of the pricing of the company’s shares, the cost of

financing, etc. In depth, the mechanisms of action and economic

consequences of the construction of ecological civilization need

to be further explored. Firstly, future research could focus on the

pathways of action of government regulation affecting corporate

investment. Secondly, how the construction of ecological

civilization interacts with other important policies of China,

such as emissions trading and environmental tax reform.

Thirdly, whether the construction of ecological civilization

promoting corporate technology investment actually have

positive environmental consequences, such as reducing

corporate carbon emissions, reducing environmental pollution

and improved production efficiency.
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