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Abstract

Is environmental improvement due to production constraints or green investment efficiency? What
impact do social factors have on green investment efficiency? On this issue, this paper combines the
measurement of the slack model (SBM) and the "super efficiency" (DEA) model, based on the panel data
of China's large and medium-sized steel enterprises from 2009 to 2017, constructs the corresponding
model to evaluate enterprise green investment efficiency, and further studies the impact of social
media attention on green investment efficiency. The results show that: Firstly, social media attention
has a significant positive effect on enterprise green investment efficiency. Secondly, environmental
regulation (ER) has a significant positive effect on enterprise green investment efficiency, and the
influence of social media attention on enterprise green investment efficiency is positively regulated
by environmental regulation. Thirdly, social media attention has a heterogeneous effect in promoting
enterprise green investment efficiency. In terms of scale, the promotion effect of social media attention
on green investment efficiency is more significant in large enterprises than in medium-sized enterprises.
In terms of ownership, the promotion effect of social media attention on green investment efficiency is
more significant for state-owned enterprises than private enterprises. In terms of region, the promotion
effect of social media attention on green investment efficiency is more significant in east China than in
centeral and west China. This paper aims to provide a reasonable reference for the green transformation
of China's heavy polluting enterprises.
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Introduction

Since the inception of China's reform and opening-
up policies, its economy has soared to unprecedented

*e-mail: 20240032@hznu.edu.cn



7300

Kang Pan, et al.

heights, currently positioning the country as the globe's
foremost manufacturing hub and the second-largest
economy worldwide. Nevertheless, this meteoric
economic rise has been accompanied by substantial
environmental degradation, primarily stemming from
industrial activities [1, 2]. Recognizing the escalating
severity of environmental pollution as a societal
challenge, businesses have increasingly prioritized
green investments, transforming them into a pivotal
aspect of corporate operations and reputation-building
[3]. Beyond mere economic gains, fostering a healthy
environment is vital for safeguarding public health
and welfare while also empowering companies to
cultivate a favorable societal image that transcends mere
profit maximization [4]. By impressing investors and
consumers alike, such a positive corporate image fosters
reputational advantages, bolstering market confidence
and enhancing brand prestige [5-7]. Hence, expanding
green investments and improving environmental quality
are top priorities for enterprises, especially in heavily
polluting sectors, to tackle this urgent concern.

As environmental regulations evolve, China's
environmental  quality  consistently  advances.
[lustratively, the variation in average PM2.5 levels in
selected industrial cities mirrors an inverse relationship
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Fig. 1. PM2.5.
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Fig. 3. Industrial Added Value.

with the stringency of regulations (refer to Figs. 1 and
2). Heightened regulation corresponds with lower PM2.5
readings, and vice versa. This prompts the inquiry: Do
regulations enhance the environment by constraining
industrial output or by fostering corporate efficiency?
Focusing on large and medium-sized steel enterprises as
case studies, our analysis reveals that industrial output,
as measured by added value (Fig. 3), has remained
resilient against increasing regulations. Notably,
since 2015, even amidst the continuous tightening of
environmental rules, the industrial added value of
these enterprises has continued to grow steadily. This
suggests that production constraints alone are not
the primary driver of environmental improvements.
Consequently, this paper delves into alternative factors
influencing the environment, particularly the efficacy of
green investments.

Green investment is an effective social responsibility
investment that is based on the consideration of three
major social responsibilities, namely environmental
protection, resource conservation, and fairness [8].
Green investment is an investment method that
conforms to the concept of ecological civilization. Its
purpose is to achieve the coordination of various social
factors, such as economic, environmental, and social
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benefits, so as to realize the sustainable development
of the social economy. It urges enterprises to actively
fulfill their corresponding social responsibilities while
pursuing economic interests. In recent years, global
green investment has increased substantially, from $7
billion in 2000 to $154 billion in 2010. Some research
shows that a large amount of green investment has been
transferred from Western countries to China, and the
amount is increasing year by year [9]. Nowadays, the
Chinese government has strengthened the enforcement
of environmental laws and regulations, especially the
newly implemented environmental protection law in
2015, which will urge enterprises to fulfill their green
responsibilities. Under stringent environmental laws and
regulations, green investment has attracted the attention
of more and more enterprises and has gradually become
an effective means for enterprises to realize green
transformation.

Nowadays, the development of media is very rapid,
and its influence on people is also very far-reaching
[10]. In recent years, the coverage of environmental
protection by social media in China has shown an
overall upward trend (refer to Fig. 4). The influence of
the media is mainly reflected in monitoring the social
environment, coordinating social relations, inheriting
culture, and providing entertainment. For enterprises,
social media attention mainly plays a supervisory role.
On the one hand, the media, as the medium of corporate
information disclosure, constantly transmits a large
amount of corporate information to the capital market,
which may have a good or bad impact on the enterprise.
This forces enterprises to constantly adjust their
development strategies and try to show the good aspects
to the public through the media, such as improving
the efficiency of green investment and promoting the
improvement of corporate environmental performance
[11, 12]. On the other hand, it holds that the media, as
a supervision mechanism, can effectively supervise the
external behavior of the company. In order to better
cooperate with the supervision of the media, enterprises
will strive to do their own environmental protection.
In addition to increasing the scale of green investment,
the most effective is to improve the efficiency of green
investment [13]. It is the existence of this external
supervision mechanism that the media influence
corporate decision-making and investor behavior by
constantly passing relevant information to the public, so
as to improve the level of corporate governance [14].

In conclusion, the literature on media attention and
green investment is abundant, but there are few studies
that consider the connection between the two. How does
media attention affect the efficiency of green investment?
Will the impact of media attention on the efficiency
of green investment be interfered with or moderated
by other factors? In the face of these problems, this
paper explores in depth the relationship between media
attention and green investment efficiency, and the
contribution of this paper is as follows:

First, this paper studies enterprise green investment
from the perspective of social media attention. Previous
literature mostly focused on the contribution of green
investment to energy conservation and emission
reduction [15], as well as various internal factors
affecting green investment, such as enterprise size,
industry heterogeneity, and so on [16]. Social media
attention is a new monitoring mechanism for public
environmental health. Through the influence of social
media attention, the improvement of enterprise green
investment efficiency is conducive to improving
the quality of environmental decision-making and
sustainable development [17].

Second, the data on social media attention is taken
from the China economic news database of the China
Information Bank (hereinafter referred to as the China
economic news database). Compared with the social
media attention measures used in the previous literature,
such as mainland newspaper text analysis [18], TV
pollution reports [19], etc., the measurement method
in this paper is more comprehensive and objective, not
only avoiding selection bias to a certain extent, but also
more relevant to the target.

Finally, the measurement data of green investment
efficiency in this paper is based on the China Iron and
Steel Association. Compared with a wide range of
research samples, the research samples in this paper are
more representative and authentic. The main purpose of
this paper is to provide some theoretical reference for
China's heavy polluting enterprises to achieve green
transformation.

Literature Review

Since enterprises (especially heavy polluting
enterprises) inevitably pollute the environment in
the production process [20], coupled with a large
number of social media attention and increasingly
strict environmental supervision, energy conservation,
and emission reduction have become an unavoidable
problem for enterprises [21]. Enterprises can achieve
sustainable development only by implementing green
transformation. Therefore, in recent years, more
and more enterprises have paid attention to green
investment, and it has gradually become a popular
method for enterprises to improve environmental
performance. A large number of scholars have also
conducted corresponding research on green investment,
proving the importance of this issue [22]. This paper
reviews the literature from the perspective of social
media attention and environmental regulation.

Social Media Attention and Green Investment

In recent times, the sway of social media attention
over corporate decision-making has significantly
intensified. This attention has emerged as an alternative
avenue for corporate governance, particularly in the
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realm of environmental stewardship. Firstly, firms
can leverage social media to showcase their proactive
stance in environmental conservation, thereby fostering
a favorable green image [23, 24]. By doing so, they
transmit a clear message of their commitment to
environmental responsibility, which not only enhances
their external reputation but also fosters oversight
over green investments, ultimately boosting their
green investment efficiency [25]. Conversely, adverse
media coverage draws public scrutiny towards non-
compliant enterprises and environmental concerns,
prompting the attention of governmental environmental
regulatory bodies. To evade stringent environmental
penalties, companies are compelled to intensify their
eco-friendly initiatives and refine green investment
efficiency [26, 27]. Furthermore, short-term media focus
on environmental pollution often signals impending
stricter environmental regulations from the government.
Anticipating this, enterprises proactively bolster
their environmental protection efforts, enhance their
performance in this regard, and meticulously prepare for
impending environmental audits [28].

Social Media Attention, Environmental
Regulation, and Green Investment

Almost all enterprises' environmental protection
decisions (including environmental capital allocation,
recruitment of technical staff, purchase of sewage
equipment, etc.) will be affected by local environmental
laws and regulations [29]. Coupled with industrial
and regional differences, enterprises' production and
operation activities usually face different environmental
laws and government intervention [30, 31]. On the one
hand, some research shows that environmental regulation
promotes the scale of green investment of enterprises,
and government supervision can significantly promote
the exertion of the power of environmental laws
and regulations, requiring enterprises to strengthen
environmental protection practices and thus improve
their green investment efficiency. On the other hand,
as a special investment method, green investment
aims to pursue comprehensive benefits integrating
economy and environment, but the result is that the
economic benefits are far inferior to the environmental
benefits [32]. Green investment is not only difficult to
bring direct economic contribution to enterprises in
the short term, but also requires enterprises to spend a
lot of money to buy environmental protection facilities
and carry out environmental protection technology
innovation, which seriously reduces the willingness
of enterprises to carry out green investment [33,
34]. Even if some enterprises voluntarily carry out
green investment; it is often to reduce the cost of
environmental compliance and meet the management
requirements of the government, its green investment
efficiency is very low [35]. Some enterprises even prefer
to pay relatively small environmental taxes and fines
to reduce their environmental investment. When the

environmental regulation is continuously strengthened
and reaches a certain degree (i.e., the critical value
and inflection point), the amount of green investment
required by the enterprise is not much different from the
environmental tax and penalty, and even the amount of
green investment required by the enterprise is far lower
than the environmental tax and penalty. At this time, the
enterprise can no longer avoid its own pollution control
problems. Especially when the media pay attention
to environmental issues or polluting enterprises
themselves, enterprises will pay more attention to their
own green investment efficiency and environmental
governance results and highly abide by environmental
policies [36].

Theoretical Analysis and Research Hypothesis

Since enterprises will inevitably  produce
environmental pollution in the production process, the
government has formulated a series of legal regulations
to regulate the environmental protection behavior of
enterprises [37, 38]. Therefore, this paper assumes
that the intensity of environmental regulation is ER.
Generally speaking, the stricter the environmental
regulation, the higher the corresponding environmental
protection cost of the enterprise and the more green
investment it needs. This paper assumes that the
intensity of environmental regulation is constant in a
certain period of time, and the investment quota of C
can meet the requirements of environmental regulation
under the premise that the green investment efficiency of
enterprises is 1, and the green investment efficiency of
enterprises is assumed to be 1 (0<n< 1), then the effect
of enterprise green investment is NC. Assuming that
when the enterprise faces an environmental protection
fine of P due to unqualified environmental protection,
the funds that the enterprise needs to continue to invest
are:

S, =y[@c + P]
N Q)]

Where %C refers to the green investment that
enterprises need to invest in order to meet environmental
protection standards after being fined for environmental
protection, and P refers to environmental fines y refers
to the probability that an enterprise will be fined for
environmental protection because it does not meet
environmental protection standards.

Suppose the firm's profit in period t is R (This
does not consider green investment and random
penalty costs). When an enterprise is punished for
environmental protection issues, it will have a negative
impression on the company's reputation, which will
then affect the enterprise's profits. Suppose that the
profit of the enterprise after its reputation is damaged
due to environmental protection punishment is RS ,
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and R —RS is the reputation loss of the enterprise due
to environmental punishment. Assuming that the social
media attention is A , and the enterprise does not comply
with environmental protection standards, the expected
profit of the company in period t is:

T=R;—C— ARy —R}) + 5] @)
The derivative of @ over C, we can get:

dm 1-m
—=—1-Ay—2<0
dc R 3)

It can be seen from (3) that the increase in enterprises'
green investment will lead to the loss of enterprises'
profits, which also explains why most enterprises are
unwilling to make green investment independently.

The derivative of & over 1, we can get:

I AvcE >0
dn -~ e o)

It can be seen from (4) that the improvement of
enterprise green investment efficiency can improve
enterprise profits. The greater the social media
attention, the greater the role of green efficiency in
promoting enterprise profits. That is, when the intensity
of environmental regulation remains unchanged, the
enhancement of social media attention can promote
the efficiency of green investment with the goal of
maximizing profits. Based on the above analysis, we can
get the following hypothesis:

H1: Social media attention has a significant positive
effect on enterprise green investment efficiency.

environmental
regulation
Social green cost
media investment mncrease
attention
A

When environmental regulation is not constant,
enterprise green investment will increase with the
increase of environmental regulation. We assume that
the amount of enterprise green investment C(ER) is
the monotonic increasing function of environmental
regulation. At this time, (4) can be rewritten as:

dn_

1
AyC(ER)—= >0
dT] tY ( )nz

®)

It can be seen from (5) that when the intensity
of environmental regulation increases, the green
investment quota C(ER) required by enterprises to meet
environmental regulation increases. The impact of green
investment efficiency on enterprise profits is positively
affected by the interaction of environmental regulation
and social media attention. That is, under the goal of
profit maximization, the interaction of the intensity of
environmental regulation and social media attention
promotes green investment efficiency. Based on the
above analysis, we can get the following hypothesis:

H2: Environmental regulation has a significant
positive effect on enterprise green investment efficiency;
the influence of social media attention on enterprise
green investment efficiency is positively affected by
environmental regulation.

Through the above analysis, this paper combs
the relationship between the various variables of the
relationship and gives the corresponding frame research
framework (refer to Fig. 5).

—»| inefficiency bankruptcy
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:
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Efficiency Environment
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Fig. 5. Research framework.
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Table 1. Variable selection and interpretation.

Variables Name Interpretation
Total annual funds used by the enterprise for purchasing
Input Green investment environmental protection equipment, R&D of environmental

protection technology, and pollutant treatment

Waste residue

Total amount of waste residue produced by enterprises

Undesired outputs Waste gas

Total amount of waste gas produced by enterprises

‘Waste water

Total amount of waste water produced by enterprises

Expected output

Output value of three wastes utilization

Refers to the value of products produced using the “three
wastes” (waste water, waste gas, and waste residue) as the
main raw materials

Data, Methodology, and Model
Data Selection of Green Investment Efficiency

As a pillar industry in China, the steel industry has
played a very important role in the development of the
national economy. In addition, based on the high energy
consumption and high emission characteristics, the steel
industry has caused great harm to the environment.
Therefore, green investment has gradually become a
common means of green transformation for China's steel
enterprises. This paper plans to select China's large and
medium-sized steel enterprises as the research object,
take the enterprise green investment as the input, take
the waste generated by the enterprise as the undesired
output, and take the output value of comprehensive
utilization of three wastes as the expected output
to measure the green investment efficiency of the
enterprise. Based on statistical data from the China
Iron and Steel Association, a panel dataset of 50 large
enterprises in China’s iron and steel industry from 2009
to 2017 was collected. The explanation and statistical
description of data variables are shown in Table 1 and
Table 2, respectively.

Measuring Enterprise Green Investment Efficiency

The DEA method is one of the most popular methods
for measuring efficiency. It can accurately measure
the efficiency of each input unit by means of linear
programming. As a nonparametric efficiency evaluation

method, the advantage of DEA over the parameter
estimation method is that it avoids the error caused by
parameter matching in parameter estimation. When the
dimension of each input unit differs greatly, the error
will expand. For the research based on enterprise data,
due to the inconsistency of data units and the large
difference of magnitude, the parameter estimation is
easy to cause large errors, while DEA only needs to
consider input and output units, which is a good way
to avoid this problem. Therefore, the advantage of DEA
research at the enterprise level is more obvious.

The green investment efficiency measured in this
paper includes undesirable output, so the traditional
DEA method is no longer suitable for this paper. In
addition, when the efficiency values of multiple units
are all 1, the traditional DEA cannot further distinguish
the efficiency differences of these units. Therefore,
Andersen and Petersen proposed a method based on
SBM super efficiency DEA [39], which allows the
efficiency value to be greater than 1 and can solve this
problem well. This paper intends to use the method of
undesired output SBM super-efficiency DEA, based
on the relevant data involved in the production of steel
enterprises, to measure the green investment efficiency
of enterprises, which provides an intuitive reference
for steel enterprises to improve their green investment
efficiency. The calculation model is as follows:

Table 2. Descriptive statistics of input and output variables for steel enterprises (2009-2017).

Variables Units Mean Std. Dev Min Max
Green investment Ten thousand yuan 19588.85 34963.52 570 268939
Waste residue Ten thousand tons 462.65 450.14 1.64 2682.52
Waste gas Hundred million m? 1585.38 1423.30 0.06 7976.02
Waste water Million m? 517.65 569.41 1.20 3760.80
O‘Jﬁﬁiﬁﬁﬁﬁfe Ten thousand Yuan 61094 86057.83 275 595652
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In Model (6), it is assumed that there are n decision-
making units, and each decision-making unit has an
input vector, an expected output vector, and an undesired
output vector. Assuming that there are m types of inputs
and ¢ types of outputs, including g, expected outputs
and q, undesired outputs, the input vector is x€R™,
the expected output vector is y € R?', and the undesired
output vector is b€ R%”. Where S represents the slack of
input and output, 4™ represents the input redundancy, 4"
represents the expected output shortage, A" represents
the undesired output excess, 4 is the weight vector, and p
represents the efficiency score.

Table 3. Summary statistics.

Variable Description

The dependent variable is green investment
efficiency. Based on the SBM super efficiency DEA
model, this paper takes green investment in steel
production as the input, the discharge of waste (waste
gas, waste water, and waste residue) produced in steel
production as the undesired output, and the output
value of three wastes utilization as the expected output.
The calculated efficiency value is shown in Table 3.
The higher the index, the higher the green investment
efficiency of the enterprise.

The independent variable is social media attention.
The data on social media attention is taken from the
China economic news database of the China Information
Bank (hereinafter referred to as the China economic
news database). According to the media reports of the
China economic news database, this paper selects the
total number of media reports through full-text and
Title Retrieval, then analyzes the content of each report
and selects the total number of environmental reports
(logarithm) to measure the social media attention.

The moderating variable is environmental regulation.
Based on the intensity of environmental regulation. This
paper uses the proportion of industrial pollution control
investment in the secondary industry to measure the
intensity of environmental regulation.

The control variables include the following:
Enterprise scale. The annual total output value
(logarithm) of the enterprise is used to measure the
scale of the enterprise. Main business income. It is
measured by the total annual main operating income
(logarithm). Economic density. The economic density is
measured by dividing the total annual GDP in the region
by the regional area (in provinces). PM2.5. Select the
annual average PM2.5 index in the region to measure
the regional environmental quality (in prefecture level
cities). The larger the index, the worse the air quality.
Regional carbon emissions. Select the total annual
carbon emissions in the region to measure the regional
carbon emissions (in prefecture level cities). The larger

Variables Variable Obs Mean Std. Dev Min Max
Symbol

Green investment efficiency Gie 450 0.6216 0.8038 0.0293 1.6182
Environmental regulation Er 450 0.0024 0.0054 0.0001 0.0078
Social media attention InMa 450 3.1886 1.6016 1.7918 4.3567
Enterprise scale InScale 450 15.0800 0.9480 11.956 17.0060
Economic density InEd 450 7.3123 1.2506 3.2581 10.7920
PM2.5 InPm 450 1.7082 1.2441 1.3244 2.0355
Regional carbon emissions InRce 450 3.3142 3.4271 2.1689 4.1292
Main business income InMbi 450 14.9230 1.6016 3.2189 12.5022
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the index, the more regional carbon emissions and the
worse the environment.

The original data comes from the China Iron
and Steel Association, the "China Urban Statistical
Yearbook", the "China Statistical Yearbook" (over
the past years), the statistical yearbooks of various
provinces, and the China economic news database.

Model Building

To some extent, media reports can force enterprises
to reduce environmental damage by purchasing
environmental protection equipment, investing in
environmental protection technology research and
development, and new energy research and development.
Do these green investments have a significant impact on
the improvement of the corporate environment, or are

Table 4. Basic test.

they mere formalities? In order to test this problem, this
paper selects the panel data of 50 large and medium-
sized enterprises in China's steel industry from 2009
to 2017, constructs the green investment efficiency
index, and studies the impact of social media attention
on green investment efficiency. Combined with the
research models of Cai et al. [40], this paper proposes
the following econometric hypothetical equation model.

Giej; = oy + a;InMaj, + ayInScale;, + azInEd;;

+ oy InPmy + aglnReej + agInMbi;e + & (13)

Some research shows that enterprises have different
attitudes towards environmental protection under
different environmental regulations [41, 42]. Therefore,
this paper adds environmental regulation variables to

Static panel
Gie
Modell Modelll Modellll ModellV
0.2394%#%** 0.3094%%** 0.1892%** 0.2647%*
Ln Ma
(3.22) (2.89) (2.28)
0.1846%* 0.2032%**
Er
(2.30) (2.88)
0.0806%**
Ln Ma * Er
(3.12)
0.9726%*** 0.8962%*%* 1.0021%**
Ln Scale
(3.26) (3.02)
0.3854%%* 0.4226%* 0.3217%*
Ln Ed
(1.90) (1.81)
-0.0728*** -0.0692%*** -0.0820
Ln PM2.5
(-3.52) (-3.30) (-4.00)
-0.5032%%%* -0.3869%%*%* -0.4622%%%*
Ln Rce
(-3.01) (-3.76) (-3.32)
0.3373%%* 0.4024* 0.3986*
Ln Mbi
(1.88) (1.69)
0.3398%%* -0.2987** -0.4394* -0.3365**
Constant
(2.28) (-2.50) (-1.90) (-2.00)
25.12 21.34 28.28
Hausman test
(0.0000) (0.0000) (0.0001) (0.0000
Control time Yes Yes Yes
Control region Yes Yes Yes
Model selection FE FE FE
R? 0.2889 0.3012 0.3092 0.3215

Note: *, #*, *** indicate significance at the 10%, 5%, and 1% levels, respectively, and the numbers in brackets are "t" of the estimated

coefficients.
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the above model and constructs the interactive item
between environmental regulation and social media
attention to further investigate whether the impact of
social media attention on enterprise green investment
efficiency is consistent under different environmental
regulations.

Giej; = 0y + a;InMa;; + BErj; + ylnMa;; * Erj;

+ a,lnScale;; + aslnEd;; + oy lnPm;,
+ asInRcej; + aglnMbi;, + € (14)

In the above model, i represents the enterprise
and t represents the time (2009-2017). o ~a, are
the parameters to be estimated, and ¢, is the random
disturbance term.

Table 5. Robust test.

Empirical Analysis
Basic Test

Combined with models (13) and (14), this paper
intends to use the fixed effect model to empirically test
the relationship between social media attention and
green investment efficiency and further investigate the
moderating impact of environmental regulation on the
two variables. The empirical results are as follows:

The results in Table 4 show that the coefficients of
social media attention in models I-IV are significantly
positive, indicating that social media attention has a
significant role in promoting green investment efficiency
as a whole, which verifies hypothesis Hl. In model
HI-IV, the coefficient of environmental regulation is
significantly positive, and the coefficient of interaction
term between environmental regulation and social
media attention is significantly positive, indicating

Maximum Likelihood Estimation
Gie
Modell Modelll Modellll ModellV
0.6046%** 0.4773%** 0.3463%** 0.4012%**
Ln Ma
(2.80 (3.42) (2.96)
0.0928%** 0.0834%*%*
Er
(2.82) (2.12)
0.0589%*%*
Ln Ma * Er
(2.21)
0.6833%** 0.7336%** 0.5824%#%**
Ln Scale
(2.92) (3.12)
0.5206%* 0.4835%* 0.4099*
Ln Ed
(1.92) (1.81)
-0.0617%%** -0.0803%*** -0.0721%**
Ln PM2.5
(-3.32) (-2.86) (-2.26)
-0.1823%*** -0.2032%%** -0.3016%**
Ln Rce
(-3.86) (-3.26) (-3.08)
0.3758%%* 0.5092%* 0.5274%%*
Ln Mbi
(1.82) (1.98)
-1.4286 -1.2546%* -0.8428%* -0.6267*
Constant
(-1.28) (-2.16) (-1.90) (-1.82)
Control time Yes Yes Yes
Control region Yes Yes Yes
LR chi 300.76 286.95 284.37 332.24
R? 0.3421 0.3397 0.3428 0.3254

Note: *, ** *** indicate significance at the 10%, 5%, and 1% levels, respectively, and the numbers in brackets are "t" of the estimated

coefficients
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Table 6. Dynamic panel test.

Maximum Likelihood Estimation
Gie
Modell Modelll ModellIl ModellV
0.6046%** 0.4773%** 0.3463%** 0.4012%**
Ln Ma
(2.80 (3.08) (3.42) (2.96)
0.0928%** 0.0834%*%*
Er
(2.82) (2.12)
0.0589%*%*
Ln Ma * Er
(2.21)
0.6833%** 0.7336%** 0.5824 %3
Ln Scale
(2.88) (2.92) (3.12)
0.5206%** 0.4835% 0.4099*
Ln Ed
(2.14) (1.92) (1.81)
-0.0617%*%* -0.0803**%* -0.0721%*
LnPM 25
(-3.32) (-2.86) (-2.26)
-0.1823%%%* -0.2032%%%* -0.3016%**
Ln Rce
(-3.86) (-3.26) (-3.08)
0.3758%%* 0.5092%* 0.5274%%*
Ln Mbi
(2.58) (1.82) (1.98)
-1.4286 -1.2546%* -0.8428* -0.6267*
Constant
(-1.28) (-2.16) (-1.90) (-1.82)
Control time Yes Yes Yes Yes
Control region Yes Yes Yes Yes
LR chi 300.76 286.95 284.37 332.24
R? 0.3421 0.3397 0.3428 0.3254

Note: *, ** *** indicate significance at the 10%, 5%, and 1% levels, respectively, and the numbers in brackets are "t" of the estimated

coefficients.

that environmental regulation significantly promotes
the green investment efficiency of enterprises, and the
impact of social media attention on green investment
efficiency is positively regulated by environmental
regulation; that is, in an environment with strict
environmental regulation, the promotion of enterprise
social media attention on green investment efficiency is
more significant; it also verifies the hypothesis H2.

Robust Test

In order to further verify the robustness of the
model, this paper uses the maximum likelihood
estimation method to test the relationship between social
media attention and green investment efficiency. The
regression results are as follows:

The results in Table 5 show that the results of the
robustness test are basically consistent with the results
of Table 4, which demonstrates the robustness of the
model to a certain extent.

In order to further solve the endogenous problems
existing in the model setting, that is, the causal
relationship between independent variables and
dependent variables, as well as the potential sample
selectivity bias and missing variable bias, this paper
introduces the first-order lag term of green investment
efficiency as a tool variable to build a dynamic panel
model and uses the System GMM method to correct
some errors in the static panel model. See Table 6 for the
detailed results.

Dynamic Panel Test

The results in Table 6 show that the AR(2) values in
models I-IV are all greater than 0.05, indicating that the
model does not have the problem of second-order auto-
correlation. At the same time, the p-values of the Sargan
test are all greater than 0.05, indicating that the model
does not have the problem of transition identification.
The overall regression results of the dynamic panel are
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Table 7. Scale heterogeneity test.

Large enterprises Medium-sized enterprises
Gie
Modell Modelll Modell Modelll
0.3328%#** 0.3264%** 0.5023* 0.5242%*
Ln Ma
(3.00) (2.98) (1.78) (1.84)
0.0936%* 0.0798%*%*
Er
(2.08) (1.98)
0.0628 0.1238%%*
Ln Ma * Er
(1.58) (2.10)
0.5034%** 0.4417%** 0.6012%** 0.4038%**
Ln Scale
(3.00) (2.82) (3.08) (2.70)
0.1624 0.2397* 0.2273 0.3014*
Ln Ed
(1.30) (1.75) (1.08) (1.86)
-0.0682%** -0.0598* -0.0988* -0.0824%*
Ln PM2.5
(2.16) (-1.88) (-1.70) (-2.08)
-0.2263%** -0.3027%** -0.3842%** -0.2898***
Ln Rce
(-3.42) (-3.04) (-4.24) (-3.66)
0.4226%** 0.3882%** 0.3665 0.3812%
Ln Mbi
(3.08) (3.24) (1.60) (1.87)
-0.5186%** -0.3882%%* -0.3734* -0.5304*
Constant
(-2.00) (-2.42) (-1.71) (-1.80)
18.80 20.08 15.98 17.36
Hausman test
(0.0000) (0.0000) (0.0000) (0.0000)
Control time Yes Yes Yes Yes
Control region Yes Yes Yes Yes
Model selection FE FE FE FE
R? 0.3660 0.3479 0.2976 0.3003

Note: *, ** *** indicate significance at the 10%, 5%, and 1% levels, respectively, and the numbers in brackets are "t" of the estimated

coefficients.

consistent with the basic regression. (except for some
variables that are not significant) social media attention
has a significant promoting effect on green investment
efficiency, and environmental regulation has a significant
promoting effect on green investment efficiency, but the
interaction term between environmental regulation and
social media attention does not significantly.

Heterogeneity Test

In order to test the results reflected by different types
of samples, this paper classifies the samples by size,
ownership, and region, and carries out a regression test.
The results are as follows:

Scale Heterogeneity Test

Since the financial decision-making and green
environmental protection practices are affected by the
scale of the enterprise, this paper divides the samples
into two groups according to the output value and
investigates the impact of social media attention on the
green investment efficiency of enterprises of different
scales. The regression results are as follows:

The results in Table 7 show that, firstly, the promotion
effect of social media attention on the green investment
efficiency of large enterprises is more significant than
that of medium-sized enterprises (the statistical level
of 1% for large enterprises and 10% for medium-
sized enterprises is significant). Secondly, whether
large or medium-sized enterprises, environmental
regulation plays a significant role in promoting green
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Table 8. Ownership heterogeneity test.

state-owned enterprise private enterprise
Gie
Modell Modelll Modell Modelll
0.2837%#** 0.2336%** 0.3013* 0.2864*
Ln Ma
(3.60) (4.02) (1.71) (1.88)
0.0727* 0.0684%**
Er
(1.70) (2.02)
0.0662 0.0682%***
Ln Ma * Er
(1.36) (3.27)
0.3312* 0.4106* 0.2933%%* 0.3024%**
Ln Scale
(1.80) (1.71) (2.14) (3.28)
0.2034%%* 0.2933* 0.2742%* 0.3102
Ln Ed
(2.18) (1.68) (1.73) (1.58)
-0.1076%* -0.0928*%*%* -0.1208** -0.1293%*%%*
Ln PM2.5
(-2.12) (-2.86) (-1.98) (-3.30)
-0.3372%** -0.2998*** -0.3440%** -0.4002%***
Ln Rce
(-3.24) (-3.52) (-4.02) (-3.66)
0.5022%%* 0.3842%** 0.3922%** 0.4240%**
Ln Mbi
(2.15) (3.08) (3.26) (3.47)
0.6034%*%* -0.5172* 0.88227%** -0.3977%*
Constant
(2.50) (-1.76) (3.21) (-2.26)
25.98 32.24 26.62 28.12
Hausman test
(0.0006) (0.0001) (0.0000) (0.0000)
Control time Yes Yes Yes Yes
Control region Yes Yes Yes Yes
Model selection FE FE FE FE
R? 0.2998 0.3026 0.3224 0.3108

Note: *, #* *** indicate significance at the 10%, 5%, and 1% levels, respectively, and the numbers in brackets are "t" of the estimated

coefficients.

investment efficiency. Finally, the moderating effect of
environmental regulation is only significant in medium-
sized enterprises, but not in large-scale enterprises.

Ownership Heterogeneity Test

Since different enterprise ownership may affect the
production decision-making and development direction
of enterprises, this paper divides the enterprise samples
into two groups: state-owned enterprises and private
enterprises, and examines the impact of social media
attention on green investment efficiency of enterprises
with different ownership. The regression results are as
follows:

The results in Table 8 show that, firstly, compared
with private enterprises, social media attention has
a more significant effect on promoting the green

investment efficiency of state-owned enterprises (the
statistical level of 1% for state-owned enterprises and
10% for private enterprises). Secondly, environmental
regulation promotes green investment efficiency to
a certain extent (whether state-owned enterprises or
private enterprises). Finally, the moderating effect
of environmental regulation only affects private
enterprises, but has no significant impact on state-
owned enterprises.

Regional Heterogeneity Test

Since different regional environments have different
impacts on the environmental protection needs of
enterprises and thus affect enterprise green investment.
This paper intends to divide the sample enterprises into
three groups according to their locations: the eastern,
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Table 9. Regional heterogeneity test.

East Center West
Gie
Modell Modelll Modell Modelll Modell Modelll
0.3028%#** 0.3447%** 0.1892%* 0.2273% 0.2667* 0.3012%
Ln Ma
(3.28) (3.12) (1.80) (1.88) (1.92) (1.86)
0.2118%*%%* 0.1987%** 0.2242%%*
Er
(3.86) (3.27) (2.32)
0.2286 0.1845% 0.2315%**
Ln Ma * Er
(1.29) (1.90) (3.13)
0.1831%* 0.2033%* 0.1582%%* 0.1723* 0.2033%%* 0.4512%%*
Ln Scale
(1.88) (2.10) (2.33) (1.90) (2.12) (2.46)
0.2267* 0.2754% 0.2558%* 0.3023* 0.3178* 0.3658%*%*
Ln Ed
(1.88) (1.80) (1.76) (1.82) (1.94) (2.01)
-0.2004%*** -0.1854%%** -0.1822%* -0.2186%* -0.2165%** -0.2006**
Ln PM2.5
(-3.28) (-4.24) (-2.47) (-2.62) (-3.45) (-2.33)
-0.3023%** -0.4023%** -0.3855%** -0.3246%** -0.3718%** -0.4221%*
Ln Rce
(-3.25) (-3.66) (-3.82) (-3.18) (4.08) (2.12)
0.2765%** 0.2264 %% 0.2955%** 0.2337%%** 0.3074%** 0.3222%:**
Ln Mbi
(3.00) (4.02) (3.86) (3.28) (3.36) (3.20)
-1.2075%%* 0.9744%** -0.8824* -0.6934* -0.5829%* -0.7113%*
Constant
(-2.78) (3.60) (-1.88) (-1.70) (-2.48) (-2.00)
19.66 22.14 25.56 19.24 16.88 20.33
Hausman test
(0.0000) (0.0006) (0.0000) (0.000) (0.0000) (0.0000)
Control time Yes Yes Yes Yes Yes Yes
Control region Yes Yes Yes Yes Yes Yes
Model selection FE FE FE FE FE FE
R? 0.3122 0.3412 0.2988 0.3056 0.3411 0.3252

Note: *, ** *** indicate significance at the 10%, 5%, and 1% levels, respectively, and the numbers in brackets are "t" of the estimated

coefficients.

central, and western groups to further test the impact of
social media attention on the green investment efficiency
of enterprises under regional heterogeneity.

The results in Table 9 show that, firstly, the
promotion effect of social media attention on green
investment efficiency is more significant in eastern
China than in central and western China. Secondly, the
promotion effect of environmental regulation on green
investment efficiency is significant in both eastern,
central, and western China. Finally, the moderating
effect of environmental regulation is only significant in
central and western China, not in east China.

Discussion

In recent years, with more and more public attention
and media reports, the government has paid more and
more attention to environmental issues (such as the
promulgation of the new environmental protection
law in 2015 and the determination of the carbon peak
and carbon neutralization goals in 2020). Green
investment is an effective way for enterprises (especially
heavy polluting enterprises) to achieve sustainable
development under increasingly strict environmental
regulations. Through green investment, enterprises can
not only improve the environment, but also improve
their reputation. It is a positive embodiment of corporate
social responsibility, which is very beneficial to the
long-term development of enterprises [43]. With more
and more enterprises' attention, green investment has
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gradually become an important means for heavily
polluting enterprises to solve environmental conflicts
[44]. Therefore, this paper selects China's large and
medium-sized steel enterprises as the research sample to
explore the relationship between social media attention,
environmental regulation, and enterprise green
investment efficiency and analyzes the relevant research
results as follows:

Firstly, this paper has examined the positive
impact of social media attention on green investment
efficiency. Some research has shown that media reports
on environmental pollution, especially enterprise
environmental pollution, can not only arouse the
attention of government departments to the environment,
but also serve as a warning to enterprises, promote
enterprises to increase green investment, strengthen
environmental protection practices and then achieve
the effect of improving green investment efficiency [45],
which is also consistent with the research conclusion of
this paper. The regression results of control variables
show that, firstly, main business income and regional
economic density are positively correlated with green
investment efficiency, which is also consistent with the
current facts in China. A good economic environment
provides a good platform for the production and
operation of enterprises, and sufficient capital revenue
is the material condition for enterprises to improve
their green investment efficiency. Enterprises can only
produce and operate in a good economic environment
and obtain certain profits, and they can be motivated
to further improve their green investment efficiency.
Secondly, the scale of enterprises has a positive impact
on green investment efficiency. Some research shows
that large-scale enterprises generally do better than
small and medium-sized enterprises in environmental
improvement [46]. The reason may be that, compared
with small enterprises, large enterprises have financial
and technological advantages and can actively implement
environmental protection practices. However, due to
the shortage of funds and backward technology, the
implementation of environmental protection by small-
scale enterprises is only in response to the government's
call for environmental protection, resulting in the failure
of green investment to be implemented and having no
significant impact on green investment efficiency [47].
Finally, the PM2.5 index and carbon emissions have a
significant negative correlation with green investment
efficiency, which is also consistent with the actual
situation in China. Some research shows that the harsh
external environment will not only affect the green
investment efficiency of enterprises, but also increase
the additional environmental protection costs and public
resources [48, 49]. Therefore, increasing the scale of
green investment and improving the green investment
efficiency of enterprises are important ways for China
to implement the sustainable development strategy.
For example, Tingyi, as a leading enterprise in the
domestic food industry, has achieved remarkable results
in green transformation in recent years and has been

widely reported by the media. These reports not only
demonstrate Tingyi's positive actions in environmental
protection, but also further promote the efficiency of
the enterprise's green investment. Driven by media
reports, Tingyi has further increased its investment in
green technology, green products, and green services.
For example, the Hangzhou plant's "Steam Thermal
Energy collection and reuse system" recycles waste
heat from instant noodle steaming boxes through its
own technology, significantly reducing carbon dioxide
emissions. This innovative technology not only reduces
the production cost of enterprises, but also improves the
efficiency of green investment.

Secondly, this study examines the positive impact
of environmental regulation on enterprise green
investment efficiency, and the impact of social media
attention on green investment efficiency is positively
affected by environmental regulation. The research
shows that strict environmental regulation can
promote energy conservation and emission reduction
through the regulation and management constraints on
enterprises, so as to achieve the effect of improving
the public environment [S50]. The goal of enterprises is
to pursue profits. Green investment and environmental
protection require enterprises to invest a lot of capital
and technology for a long time, and there is little benefit
in a short period of time. On the one hand, when the
environmental regulations are relatively loose and
the punishment for environmental protection is light,
some enterprises do not implement the environmental
protection policies thoroughly or even fail to implement
them in order to save costs. A few enterprises prefer
to pay less environmental protection punishment
rather than a large amount of environmental protection
investment, so green investment efficiency cannot be
fundamentally improved. On the other hand, when
environmental regulations are strict, companies that
fail to meet environmental protection standards will
face high environmental penalties. At this time,
enterprises can only reduce damage to the environment
by increasing green investment, thereby improving
their green investment efficiency and meeting the
government's environmental protection requirements.
A small number of enterprises that do not comply with
environmental protection requirements will be severely
punished or even ordered to stop production through
corresponding laws. At this time, social media attention
can significantly promote the improvement of green
investment efficiency.

Finally, based on the heterogencity of sample
enterprises, this study examines the impact of social
media attention on the green investment efficiency
of enterprises with different attributes. Based on the
heterogeneity of scale, social media attention plays a
more significant role in promoting the green investment
efficiency of large enterprises than that of medium-
sized enterprises (large enterprises have a significant
statistical level of 1%, while medium-sized enterprises
have a significant statistical level of 10%), but the
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moderating effect of environmental regulation is only
significant in medium-sized enterprises, not significant
for large enterprises. The main reason is that, on the
one hand, enterprise green investment requires a lot
of capital and technology investment, and there is
no income and return in the short term. Large scale
enterprises have provided a good material foundation
for green investment by virtue of abundant funds and
advanced technology [51]. When the media continue to
report environmental issues, large enterprises have the
ability to increase green investment in a short period
of time and play a more significant role in promoting
the efficiency of green investment. On the other hand,
when environmental regulations are relatively loose,
relatively small enterprises do not have enough funds
to undertake a large number of unprofitable investments
in the short term due to the shortage of funds and
backward technology. Even if the media's attention to
environmental protection issues has brought pressure
on enterprises, small enterprises are unable to bear the
risk of investment failure. Their green investment is
often only to meet the requirements of the government
[52], and the efficiency is not substantially improved.
When environmental regulations are strict, social media
attention has forced small and medium-sized enterprises
to increase the scale of green investment for fear of
environmental punishment, resulting in significant
improvement in efficiency, while large enterprises
continue to invest and adhere to environmental protection
rather than change with environmental laws and
regulations. Based on the heterogeneity of ownership,
social media attention plays a more significant role in
promoting the green investment efficiency of state-
owned enterprises than that of private enterprises.
This is because state-owned enterprises are not only
the main force of national economic development,
but also play the role of national macro-control. The
production and operation of state-owned enterprises are
often considered from the overall level of the country,
sometimes even regardless of costs [53]. Therefore,
when the media pay attention to environmental issues,
state-owned enterprises will take the lead in increasing
investment in environmental protection, significantly
improving the efficiency of green investment. The main
purpose of private enterprises is to make profits. In the
period of relatively loose environmental regulation,
although the media pay attention to environmental
issues, their enthusiasm for low-income activities such
as green investment is often less than that of state-
owned enterprises. With the continuous strengthening
of environmental regulation, private enterprises have to
change their ideas and strengthen green investment to
improve the environment. At this time, the moderating
effect of environmental regulation is more significant in
private enterprises. Based on the regional heterogeneity,
social media attention in the eastern region plays a
more significant role in promoting green investment
efficiency than that in the central and western regions,
which is also consistent with the actual national

conditions of China. Due to the developed economy
and numerous enterprises in the eastern region, the
pollution in this region is relatively serious, and the
environmental supervision is very strict. Social media
attention brings relatively great pressure to enterprises.
Almost all enterprises in the eastern region attach great
importance to their own environmental performance,
while enterprises in the central and western regions
have relatively loose environmental regulations and
pay less attention to environmental performance [54].
The role of green investment is less significant than
that of enterprises in the eastern region; the pressure
on enterprises brought by social media attention is
not as great as that of eastern enterprises; and its role
in promoting the efficiency of green investment is not
significant.

Conclusions and Recommendations
Conclusions

Based on the panel data of 50 large and medium-
sized steel enterprises in China, this paper studies the
relationship between social media attention and green
investment efficiency and further discusses several
heterogeneity characteristics of steel enterprises. Firstly,
social media attention in steel enterprises promotes
green investment efficiency as a whole. Secondly,
environmental regulation promotes the green investment
efficiency of steel enterprises, and the effect of social
media attention on the green investment efficiency of
steel enterprises is positively affected by environmental
regulation. Finally, based on the heterogeneity of scale,
the impact of social media attention on the green
investment efficiency of large enterprises is more
significant than that of medium-sized enterprises.
The moderating effect of environmental regulation is
only significant for medium-sized enterprises, but not
for large enterprises. Based on the heterogeneity of
ownership, social media attention has a more significant
impact on the green investment efficiency of state-owned
enterprises than private enterprises. The moderating
effect of environmental regulation is only significant for
private enterprises, but not for state-owned enterprises.
Based on the regional heterogeneity, the impact of social
media attention on the green investment efficiency of
enterprises in the eastern region is higher than that in
the central and western regions. Based on the empirical
results and discussion, this paper puts forward some
policy recommendations.

Recommendations

This paper examines the relationship among social
media attention, environmental regulation, and green
investment efficiency of steel enterprises and discusses
the impact of social media attention on green investment
efficiency based on the heterogeneity of various
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enterprises. Under the analysis of the full text, this paper
puts forward the following policy recommendations:

Firstly, all sectors of society should give play to
the environmental governance functions of informal
institutions such as the media for enterprises. The
media should pay more attention to the environmental
information of enterprises and openly report on the
environmental pollution of enterprises and cities so as to
play a corresponding supervisory role.

Secondly, the government should further standardize
and improve environmental regulation, strengthen
government environmental supervision, and ensure
the effective implementation of environmental
protection policies. On the one hand, when formulating
environmental protection policies, the government
should fully combine public environmental health
with the affordability of enterprises, not only focusing
on environmental protection, but also promoting
development. On the other hand, the government should
further strengthen the environmental supervision and
management of enterprises, advocate and encourage the
behavior of complying with environmental protection
norms, and resolutely stop the behavior of violating
environmental protection laws and regulations, so as to
ensure the implementation of environmental protection
policies.

Thirdly, the government should support relevant
preferential policies and subsidies to encourage
enterprises to increase the scale of green investment.
Enterprise green investment requires a large amount of
investment capital and manpower, and it is an investment
that will not return in the short term. Some enterprises,
especially small and medium-sized enterprises, have
this difficulty in terms of capital and technology.
The government should give certain subsidies and
preferential policies (such as tax relief, policy support,
and environmental protection subsidies) during the
transition period to guide and promote enterprise green
transformation.

Finally, enterprises should strengthen their
awareness of environmental responsibility and actively
undertake the social responsibility of environmental
protection. On the one hand, enterprises should actively
respond to environmental protection policies, increase
the scale of green investment, and take the initiative
to undertake environmental protection responsibilities
when their own conditions permit. On the other
hand, enterprises should establish an environmental
information disclosure system and actively put their
own environmental information under the supervision
of the public to ensure the public's right to know about
environmental issues.

The limitations and future research. First, due to the
limitation of data availability, this paper only examines
the impact of social media attention on green investment
in iron and steel enterprises and does not involve
other industries. Second, there is no further classified
investigation on the contents concerned by the media,
such as the impact of positive and negative media

reports on the green investment efficiency of enterprises,
respectively. Based on the above limitations, future
research will focus on a wider range of enterprises, and
the specific content of social media attention will be
more detailed. Third, this study only involves Chinese
enterprises, not foreign enterprises, especially in poor
countries such as India. Whether the supervision role
of social media is also effective is a topic worthy of
discussion in the future.
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