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.is article established an evaluation system including ecological efficiency that can provide a more accurate financial distress
warning for companies. Based on the data of listed companies, Data Envelopment Analysis (DEA) is applied to evaluating the
business efficiency, financial efficiency, financing efficiency, human capital efficiency, and ecological efficiency, and the accuracy of
the evaluation system that includes ecological efficiency is measured by artificial neural networks (ANNs). Besides, the logit model
is applied to test the results. Our experiments indicate that participating in ecological efficiency improves the evaluation system of
financial distress warnings, and its accuracy is much better than the traditional evaluation system in the long run..e logit model
confirms the essential of ecological indicators in financial distress warning, and the behavior of observing environmental
regulation will prevent enterprises from getting into financial distress. Finally, suggestions on improving green finance and
promoting technological innovation are propounded, in which technological innovation (TI) is the core of an enterprise’s
competitiveness, and green finance can accelerate that process.

1. Introduction

Environmental regulation (ER) is a popular method both to
reduce pollution and protect public health. In recent years, it
has been introduced actively in China, to alleviate the
pollution that is mainly brought by industry. It is both a
chance and a challenge for firms that are influenced by ER.
On one hand, the form of environmental regulation in China
was ecological compensation supported by the governments,
and it would promote local firms to put efforts into industrial
transformation and technological innovation in order. On
the other hand, it was difficult for China to develop a full-
equipped market in the field of environmental protection,
which is potential trouble for firms. As a result, a firm that
failed to realize the goal of green transform in the short run
would be likely to face financial distress. Chinese industry
was not yet on the path towards sustainable growth [1], and
the study on the relationship between ER and regional green
growth performance (RGGP) has always been extensively
discussed in China. Technological innovation (TI) was

supposed as a bridge for linking ER and RGGP [2], and it
positively predicted financial performance [3]. .e causality
between environmental performance and financial perfor-
mance was inverse in the short run and the long run [4].
Financial performance promotes environmental perfor-
mance in the short run, while environmental performance
feeds financial performance in the long run, in which en-
vironmental performance is believed to have a positive effect
on business competitiveness [5].

During enterprise management, financial distress usu-
ally happens when a firm failed to pay the debt by cash flows,
and the firmwould face the risk of going bankrupt..e event
of financial distress or bankruptcy financial distress may be
affected by various factors, and it is supposed to be pre-
dictable, as the situation must be aggravating step by step
instead of a burst. It would be helpful for firms to check the
situation in time if an efficient and accurate warning model
was given. .e warning for financial distress distributes not
only to the interests of investors but also to the regulation of
the capital market.
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Previous research studies focus on the way in which ER
influences financial performance. Based on data collected
from managers and customers of equipment manufacturing
organizations, Zameer et al. [6] explored that pressure from
regulation positively influenced green production, by using
covariance-based structural equation modeling (CBSEM).
Jin et al. [7] showed that ER negatively influenced the
improvement of China’s green total factor efficiency (GTFE)
of industrial water resources, and there were regional,
economic, and industrial structure differences in the effect of
technological innovation on the GTFE of industrial water
resources. Shen et al. [8] indicated that the influence of ER
on the environmental total factor productivity (ETFP) in
different industries was heterogeneous. Besides, public funds
and fiscal incentives were confirmed to incentivize eco-in-
novation [9–11], and green growth was mainly driven by
green utility model patents when state-owned enterprises
(SOEs) had a close relationship with the government [12].

Extant works of literature have investigated the warning
of financial distress and bankruptcy, and financial data re-
ported in the financial statement is widely used for financial
distress warnings [12]. Methods for financial distress
warning usually include logit model, support vector machine
(SVM) [13, 14], partial least squares (PLS) [14], and artificial
neural networks (ANNs) [15, 16].

.e objective of this study is to establish an indicator
system that includes ecological efficiency and to examine the
ability of the modified indicator system in the Chinese
context. It is designed to maximize the warning accuracy of
financial distress and to identify the state of distressed firms
by ANNs. Moreover, the logit model is compared..is study
aims to answer the following questions. (1) What is the
optimal time horizon of data for the warning? (2) Does
ecological efficiency matter in the warning system of fi-
nancial distress?

According to the relationship between ER, financial
performance, and environmental performance, as well as the
Porter hypothesis, our theoretic framework and hypothesis
are as follows [17–19].

.e relationship between ER, financial performance, and
environmental performance should be treated separately in
the short run and the long run. In the short run, the conduct
of ER directs enterprises to alleviate pollution and protect
the ecology. .e regulation includes shutting down the
heavy industry, applying clean energy, and adjusting the
industrial structure. All such command has a negative in-
fluence on financial performance, as the transformation
costs a lot during the initial period. Our first hypothesis is
that ER has a negative impact on the financial performance
of enterprises in the short run.

According to the Porter hypothesis [20], ER contributes
to technique improvement (TI), and TI can promote an
enterprise’s business competitiveness. In that way, the ER
improves financial performance indirectly. As ecological
modernization theory [21] assumes, an enterprise’s green
growth may be promoted by TI-driven ER, but ER is un-
certain of bringing green growth. .e relationship between
financial performance and environmental performance
confirms that assumption. It is indisputable that ER

improves environmental performance, and a healthy fi-
nancial performance devotes a lot to the green transfor-
mation of enterprises. Our second hypothesis is, that ER has
a positive impact on the financial performance of enterprises
in the long run (Figure 1).

2. Materials and Methods

2.1. Efficiency Evaluation for Enterprises

2.1.1. Method: DEA. .e method of Data Envelopment
Analysis (DEA) is applied to the evaluation of the efficiency
of enterprises. DEA adepts well in the study of multiple
input-output, and the CCR (Charnes, Cooper, and Rhodes)
model [22] is a simple one among the many forms of DEA.

.e following model explains the basic design of DEA.
Suppose there are n DMU, and each DMU has its m input
and s output. Let variable xij (i� 1, . . .,m; j� 1, . . ., n) be the i
input of j DMU, and let variable yrj (r� 1, . . ., s; j� 1, . . ., n)
be the r output of j DMU. Vector Xj � (x1j, x2j, . . ., xmj)T,
whereXj (j� 1, . . ., n), is the vector of the input vector of unit
j. Vector Yj � (y1j, y2j, . . ., ysj)T, where Yj (j� 1, . . ., n), is the
vector of its output vector.

Let variable vi (i� 1, . . ., m) be the weight of i input, and
let variable ur (r� 1, . . ., s) be the weight of r output. Vector
u� (u1, u2, . . ., um)T, where u is the vector of input weight.
Vector v � (v1, v2, . . . , vs)

T, where v is the vector of output
weight.

.e efficiency index of unit j can be represented as
hj � (uTYj)/(vTXj), j� 1,2, . . ., n, and themathematical model
for evaluating unit j0 can be defined as

max �
u

TYj0

v
TXj0

,

s.t.

u
TYj0

v
TXj0

≤ 1, j � 1, 2, . . . , n

u≥ 0, v≥ 0, u≠ 0; v≠ 0

.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(1)

2.1.2. A System of Input-Output Indicators. Data are selected
from Wind and Institute of Public & Environmental Affairs
(IPE). .e Wind is a company that is superior in the field of
financial data, information, and software services in China.
.e IPE is a nonprofit environmental research organization
registered and based in China.

Business efficiency, financial efficiency, financing effi-
ciency, and human capital efficiency were significant factors
for the management of an enterprise, and it would lead to
financial distress if some of the efficiency above was low. .e
ecological efficiency is considered in this system, and ESG
(Environment, Social, and Government) is a popular indi-
cator to measure that efficiency. .e ESG announced by
various institutes today is immature, and there are some
research studies on establishing the ESG indicator system.
Zhao et al. [23] gave a construction of the ESG index eval-
uation system, which included emission rate of pollution,
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environmental safety accidents, and charity donations. .e
ESG covered environmental performance, social responsi-
bility, and enterprise governance. Business efficiency, finan-
cial efficiency, financing efficiency, human capital efficiency,
and ecological efficiency are included in the input-output
system. .e indicators are shown in Table 1.

Business efficiency indicates the ability of management
of an enterprise. .e inefficient operation will lead to poor
management, which may result in bankruptcy distress.
Operating costs, growth rate of total assets, and growth rate
of total liabilities are selected as input indicators. .e output
indicator is operating income, which represents the earning
of an enterprise.

Financial efficiency reflects the financial condition of an
enterprise..e enterprise would fail to operate if the total assets
were not enough to offset the total liabilities. Asset-liability ratio,
total owners’ equity, total assets turnover, and turnover of fixed
assets are selected as input indicators. Both earnings per share
and return on the total asset are selected as output indicators.

Financing efficiency is to evaluate the efficiency of an
enterprise in the process of financing. Bankruptcy can result
from the failure of financing or difficulty in repayment. Total
assets, currency funds, and total liabilities are selected as
input indicators. Both operating income and total assets
turnover are selected as output indicators.

Human capital efficiency reflects the allocation of human
capital. .e decline of human capital efficiency can lead to a
shortfall in receipts and then brings financial distress.
Employee pay payable and cash paid to and for employees
are selected as input indicators. .e output indicator is
operating income.

Ecological efficiency is the efficiency of ecological
products and services. Given the availability of data, envi-
ronmental illegality and taxes are selected as input indica-
tors. Environmental illegality is a dummy variable, and it
represents whether the enterprise has environmental ad-
ministrative illegal activity in the past 3 years. .e outcome
indicator is operating income.

2.2. Financial Distress Warning

2.2.1. Method: ANNs. ANNs is a mathematic model that
imitates the neural network of animals; it is constructed with
a mass of nodes as well as the links between nodes [24, 25].
Each node represents a function, and the link is the weight of
its corresponding nodes. .e process can be described as a
directed graph, and each node i performs the transfer
function as fi:

yi � fi 

n

j�1
wijxj − θi

⎛⎝ ⎞⎠, (2)

where variable yi is the output from node i, variable xj is a jth
node, variable wij is the weight linking nodes i and j, and
variable θi is the threshold or bias value of the nodes. .e
transfer function fi is usually nonlinear, such as the
Heaviside function, sigmoid function, and Gaussian
function.

2.2.2. Selection of Indicators. .e financial ratios applied in
financial distress warnings are various. According to Mselmi
et al. [16], financial ratios selected as initial features for fi-
nancial distress warnings included liquidity, management,
profitability, size, solvability and stability, structure, liabil-
ities, growth, and cash flow. Also, indicators selected [26–28]
for our study are shown in Table 2.

2.3. Data. 72 listed companies in China that have been
special treated (ST) after ER are selected for the study. .ere
are 10 from Anhui Province, 7 from Jiangxi Province, 25
from Shanghai City, 10 from Hebei Province, 18 from
Liaoning Province, and 2 from Guizhou Province. .e ER in
Anhui Province refers to the Xin’anjiang River basin eco-
compensation. .e ER in Jiangxi Province, Shanghai City,
Liaoning Province, and Guizhou Province were meant for
drinking water protection, while the ER in Hebei Province
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Figure 1: .eoretical framework.
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wasmeant to water resource protection..e programs above
are related to the protection of water, and they can avoid the
error caused by the heterogeneity of ER.

To eliminate the error caused by sample selection, an-
other 72 list companies that did not suffer from ST are
selected from the same region as well as the same industry
(Table 3).

.e study aims at improving the accuracy of the financial
distress warning model by considering ecological efficiency
and only target enterprises that are influenced by the ER of
water protection schemes. Suppose that an enterprise suf-
fered from ST at T year, data from T-3 year are selected for
evaluating the efficiency, and data from T-1, T-2, and T-3
year are selected for financial distress warning.

3. Results and Discussion

3.1. Results. .e comparison of the evaluation of business
efficiency, financial efficiency, financing efficiency, human
capital efficiency, and ecological efficiency is shown in
Figure 2.

For business efficiency (a) and human capital efficiency
(d), the mean value, position point, and limitation of ST
enterprises are higher than non-STenterprises. For financial
efficiency (b) and ecological efficiency (e), the mean value,
position point, and limitation of ST enterprises are lower
than non-ST enterprises. For financing efficiency, the mean
value, position point, and limitation of ST enterprises are

similar to non-ST enterprises. It can be inferred that eco-
logical efficiency is necessary for enterprises.

.e Levene variance equality test and independent-
sample Student’s test (T-test) are applied for further study
(Table 4). In the Levene variance equality test, only business
efficiency has a significant difference in ST enterprises and
non-STenterprises. In the T-test, indicators are of significant
difference in ST enterprises and non-ST enterprises at 1%,
except financing efficiency. It indicates that the ability of
warning financial distress of a single dimension is out of
accuracy and that combination of several dimensions of
efficiency is necessary.

.e Levene variance equality test and T-test of financial
ratios are shown in Table 5. In the Levene variance equality
test, total assets’ turnover is of significant difference in ST
enterprises and non-ST enterprises at 1%, and the ratio of
inventory is of significant difference in ST enterprises and
non-ST enterprises at 5%. In the T-test, both total assets’
turnover and asset-liability ratio are of significant difference
in ST enterprises and non-ST enterprises at 1%.

Results of ANNs are shown in Figure 3. In year T-1, the
average accuracy of the group “without ecological efficiency”
is the highest, indicating that a system combining business
efficiency, financial efficiency, financing efficiency, and
human capital efficiency is most suitable to warn financial
distress in the 1 year before ST. In years T-2 and T-3, the
average accuracy of the group “with ecological efficiency” is
the highest, indicating that a system combining business

Table 2: Selection of indicators.

Indicator Variable Formula
Return on equity (%) roe Net profit/owners’ equity
Total assets turnover (%) tato Total liabilities/total assets
Asset-liability ratio (%) alr Total inventory/current assets
Ratio of inventory (%) ri Cash received from the sale/total assets
Receivable ratio (%) rr Total accounts receivable/current assets
Net cash flow per share (CNY) ncf Net cash flow from operations/total equity

Table 1: System of input-output indicators.

Dimension Input indicators Output indicators Source

Business efficiency
Operating costs (CNY)

Operating income (CNY) WindGrowth rate of total assets (%)
Growth rate of total liabilities (%)

Financial efficiency

Asset-liability ratio (%) —

WindTotal owners’ equity (CNY) Earnings per share (CNY)
Total assets turnover (time) Return on total asset (%)

Turnover of fixed assets (time) —

Financing efficiency
Total assets (CNY) Operating income (CNY) WindCurrency fund (CNY)

Total liabilities (CNY) Total assets turnover (%)

Human capital efficiency Employee pay payable (CNY) Operating income (CNY) WindCash paid to and for employees (CNY)

Ecological efficiency Environmental illegality (yes� 1; no� 0)
Taxes (CNY) Operating income (CNY) Wind IPE

Note: CNY is the abbreviation of Chinese yuan. IPE is the abbreviation of Institute of Public and Environmental Affairs.
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Figure 2: Comparison of ST enterprises and non-ST enterprises’ inefficiency.

Table 3: Selection of samples.

Province/municipality Time of ER Number of enterprises that will be ST after the time of ER
Anhui Province 2012 10
Jiangxi Province 2008 7
Shanghai City 2009 25
Hebei Province 2008 10
Liaoning Province 2007 18
Guizhou Province 2012 2
Total — 72
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efficiency, financial efficiency, financing efficiency, human
capital efficiency, and ecological efficiency is most suitable to
warn financial distress in the 2 and 3 years before ST.

Figure 3 also shows that, whatever the warning system is,
the financial distress warning has the highest accuracy in the
2 years before ST. Besides, the accuracy of the group “with
ecological efficiency” displays better than the other two
groups in the long run (more than 1 year). Furthermore, the
accuracy of the group “only financial ratios” has a sharp
decline in year T-3, suggesting that it fails to warn the fi-
nancial distress in the long run.

According to the analysis above, we conclude that the
system including ecological efficiency displays better in
predicting financial distress, and it is most suitable to warn
financial distress in the 2 and 3 years before ST. .e result
provides a more accurate system for financial distress
warning and enriches the theoretical research in evaluating
financial distress. Also, it alerts that the companies would

better consider ecological influence when assessing their risk
of getting into financial distress.

3.2. Robustness Test. .e logit model is applied to test the
robustness of the result. .e logit model has the following
basic form:

logitPi � ln
Pi

1 − Pi

  � αi + 
k

j�1
βijXij, (3)

where Pi represents the probability of financial distress of
firm i, and it is a dummy variable. Pi is equal to 1 if the
enterprise i is ST and equal to 0 otherwise. αi and βi are
parameters to be estimated. Vector Xij includes financial
ratios and ecological efficiency indicators, that are return on
equity (roe), total assets’ turnover (tato), asset-liability ratio
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Without ecological efficiency
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Figure 3: Comparison of average accuracy of ANNs.

Table 5: Levene variance equality test and T-test of financial ratios.

Indicator Variable
Levene variance
equality test T-test

F Sig. Mean difference Sig.
Return on equity (%) roe 1.11 0.30 −1.80 0.79
Total assets turnover (%) tato 5.58 0.02 −0.28 0.00
Asset-liability ratio (%) alr 0.04 0.85 10.71 0.01
Ratio of inventory (%) ri 4.03 0.05 0.02 0.63
Receivable ratio (%) rr 0.07 0.79 0.01 0.73
Net cash flow per share (CNY) ncf 0.10 0.75 −0.21 0.31

Table 4: Levene variance equality test and T-test of efficiency indicators.

Levene variance equality test T-test
F Sig. Mean difference Sig.

Business efficiency 19.36 0.00 0.10 0.00
Financial efficiency 0.24 0.63 −0.13 0.01
Financing efficiency 0.45 0.50 0.00 0.98
Human capital efficiency 1.57 0.21 0.11 0.00
Ecological efficiency 1.71 0.19 −0.05 0.00
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(alr), ratio of inventory (ri), receivable ratio (rr), net cash
flow per share (ncf), environmental illegality, and taxes.

Variable environmental illegality is positive and signif-
icant at 1% in year T-1. It suggests that if an enterprise
violates the environmental regulations, it is possible to face
ST in one year. Variable taxes is negative and significant in
years T-1, T-2, and T-3. It suggests that the more the taxes an
enterprise pays, the less possibility the enterprise be ST. .e
results indicate that the behavior of observing disciplines
and obeying laws will help the enterprises escape from the
distress of bankruptcy (Table 6).

3.3. Discussion. It can be inferred that environmental ille-
gality can lead to a sudden ST for the enterprise. .e en-
terprise is likely to observe the rules when facing the ER from
the government, and the activity of environmental illegality
is usually not intended. In that case, the failure of adjusting
the industry structure may be a crucial factor in resulting in
environmental illegality. Financial support and technical
assistance will help to avoid companies from trapped in
financial distress [29, 30].

Finance can provide diversified channels for investment
and financing, to guarantee the sustainability of environ-
mental protection. .e financial industry is one of the main
sources of loan financing for the society. .e strengthening
of ecological finance not only can promote the diversifica-
tion of financing methods and meet the demand for eco-
logical funds but also can supervise the usage of finance. It
can help to achieve the purpose of improving the ecological
environment and promoting economic development. Pol-
icy-based finance is supposed to be an important mean when
the financial market fails to allocate resource [31]. Green
financial instruments, especially green credit, are confirmed
to promote economic growth [32], industrial transformation
[33], and TI [34]. In a word, the function of green finance
should be motivated, and the sustainability of the envi-
ronment, economy, and society is the goal.

In China, the ecological efficiency of enterprises is easy to
be ignored in the process of corporate statistics, and only a
few indicators can be excerpted. .e survey on business
efficiency, financial efficiency, financing efficiency, and
human capital efficiency has been comprehensive today,

which contributes to the research of establishing a multi-
dimensional evaluation system that including the indicators
above. However, the data missing of ecological efficiency
prevent the research to establish a more reasonable system
for financial distress warning.

4. Conclusion

Accurate financial distress warning improves the decision-
making of company management and benefits some other
stakeholders. Based on the data of listed companies, five
dimensions of indicators are selected to measure the ac-
curacy of the evaluation system, including business effi-
ciency, financial efficiency, financing efficiency, human
capital efficiency, and ecological efficiency. DEA is applied to
evaluating the efficiency of each dimension, and the results
indicate that a single dimension or a single financial ratio can
hardly predict the financial condition. ANNs are applied to
measure the accuracy of the three kinds of evaluation system:
with ecological efficiency, without ecological efficiency, and
only financial ratios. .e results suggest that the partici-
pation of ecological efficiency improves the evaluation
system of financial distress warnings, and its accuracy is
much better than the traditional evaluation systems in the
long run. Besides, the logit model is applied to test the
results, indicating that the behavior of observing environ-
mental regulation will prevent enterprises from getting into
financial distress.

.e factors for the financial distress of an enterprise are
various, and ecological performance that is influenced by ER
is one of them. It is indisputable that TI is the core of an
enterprise’s competitiveness, and green finance can accel-
erate that process.

Data Availability

.e Wind and IPE data used to support the findings of this
study are included within the article.
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Table 6: Results of the logit model.

Year T-1 Year T-2 Year T-3
roe −0.01∗∗∗ (−3.23) −0.11∗∗∗ (−3.50) 3.65e−03 (0.48)
tato −0.86∗∗∗ (−2.44) −0.64∗ (−1.63) −1.12∗∗∗ (−2.77)
alr 0.05∗∗∗ (3.38) 0.04∗ (2.72) 0.03∗∗∗ (3.26)
ri 0.97 (0.95) −0.07 (−0.05) −0.52 (−0.54)
rr −1.35 (−0.99) −2.51 (−1.44) −1.62 (−1.20)
ncf −0.58 (−1.34) −0.10 (−0.32) −0.02 (−0.09)
Environmental illegality 1.25∗∗∗ (2.18) 0.58 (0.80) 0.64 (1.20)
Taxes −0.64∗∗∗ (−3.60) −0.48∗∗ (−2.37) −0.34∗∗∗ (−2.87)
_cons 7.96∗∗∗ (3.02) 6.41∗ (1.91) 5.02∗∗∗ (2.65)
Wald chi2 36.65∗∗∗ 24.36∗∗∗ 22.38∗∗∗
Log pseudolikelihood −51.2268 −65.4090 −80.0352
Note: ∗∗∗, ∗∗, and ∗, respectively, indicate that the estimated coefficients are significant at levels 1%, 5%, and 10%. .e values in brackets are z values.
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