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�e meta-frontier approach can mathematically understand the production dynamics. With the help of meta-frontier approach
di�erences, the e�ciency of income and earnings between companies with di�erent structure can be estimated. Considering the
great in�uence of independent directors on the economic market, this study estimated such e�ects from the perspective of
production function models. It is found that the revenue e�ciency results can be optimized without considering the technology
heterogeneity for listed companies. When considering the common production boundary, there is an issue that the revenue
e�ciency of listed companies that own o�cial independent directors is lower than other listed companies that without o�cial
independent directors, and the empirical results show that the withdrawal of o�cial independent directors in the market has a
positive impact on the pro�tability of the company.

1. Introduction

�e board of directors is an important part in the company’s
investment decision-making and execution process, and
independent directors play an important role in relieving
agency con�icts and protecting the interests of small and
medium investors [1, 2]. Previous literature suggested that
the company’s directorship mechanism could fully exert its
functions such as supervisory, strengthening, and sup-
porting operational resources [3, 4]. In the study of o�cials
as independent directors, domestic literature pointed out
that listed companies could establish good interoperability
with the government by hiring government o�cials to enter
the board of directors and obtain more resources, policy
support, and projects. Lu et al. [5] pointed out that the
appointments of government and university o�cials as
independent directors are obviously di�erent in terms of
business operation violations. �e violation of the former is
signi�cantly higher than the latter. �e author believed that
the relevant provisions of the central organization

department were conducive to the maintenance and de-
velopment of the market order [6–8].

�e di�erences in the operating patterns of listed
companies not only re�ect the di�erence in management
culture but also cause di�erences in the marketing targets
required in the operation process; thus, the input structure
of the company’s revenue, manpower, or capital investment
would be in�uenced [9–11]. However, previous literature on
the operational e�ciency of enterprises mostly used the
stochastic boundary method of Battese and Coelli [12] or
extended the data-envelope analysis method proposed by
Charnes et al. [13] to explore the impact of di�erent
management types on operating e�ciency. �ese re-
searchers use di�erent management patterns as exogenous
environmental variables to explore their impact on oper-
ating e�ciency or estimate a representative production
boundary and calculate the operating (technical) e�ciency
of each sample hotel and make comparison between each
group’s di�erent management patterns [14, 15]. However,
both of these approaches ignore the issue of using
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heterogeneous production technologies for different types of
management. Different types of managers in the same in-
dustry may have different production behaviors and tech-
nologies due to differences in organizational structure,
structure of operating directors, or input factor attributes
[16, 17]. Under such circumstances, if the performance
assessment is still conducted by using the homogeneous
assumption of traditional production techniques, the esti-
mation results may be biased or miscalculated. If companies
consider the heterogeneity of production techniques in each
group and individually estimate the production boundaries
of each group, then they compare the performance of cross-
group operations and would lose their economic significance
due to differences in the baseline (production boundary).

,is study therefore takes China’s listed companies of
the textile industry as a case and discusses the effect of official
independent directors on the profitability of listed compa-
nies. Based on the perspective of production performance,
the author uses the performance model to analyze the
differences in the operating efficiency and income efficiency
between companies with official independent directors and
other companies. Since the regulation limiting official in-
dependent director was not actually implemented until 2015,
the author therefore empirically collects the panel data of six
years from 2010 to 2015 for research. ,e characteristics of
this study are as follows: (1) under the requirements of the
comparison of technical heterogeneity and efficiency, the
author uses the meta-frontier model proposed by Battese
et al. [18] and O’Donnell et al. [19] to divide the samples into
groups such as companies with official independent direc-
tors and companies without official independent directors
according to different management patterns. ,e meta-
frontier model is adopted because this study was inspired by
the work of Walheer et al. [20] in European Journal of
Operational Research.,emethodological reflections will be
explained in the next section. Based on the baseline of the
overall industry, the differences in the operating efficiency
and profit earning efficiency of different directors’ structure
types are compared. (2) ,is study also quotes a stochastic
boundary model proposed by Battese and Coelli [12], which
includes location (such as whether the enterprise is located
in the municipality), market characteristics (market com-
petition degree), individual enterprise characteristics (op-
erating year), and the effect of exogenous environment
variables on operation and earnings efficiency.

2. Reflections on Estimation Methodologies

,e concept of co-production boundary was first proposed
by Hayami [21] and Hayami and Ruttan [22]. Hayami and
Ruttan [22] thought that the common production function
could be regarded as the envelope of the classical production
function. Ruttan et al. [23] defined the common production
function as the envelope formed by the most efficient
production sites among the groups. ,is innovative concept
provided a more appropriate basis for further analysis and
reduced the misgivings of comparative analysis errors be-
tween groups [24–26]. ,en, Lau and Yotopoulos [27], and

Kim and Lau [28] applied and conducted empirical analysis
of cross-country data. Besides, Gunaratne and Leung [28]
and their followers such as Kovalevsky and Máñez-Costa
[30] added random concepts to common production
functions.

Battese and Rao [31] proposed the random co-pro-
duction boundary model and used the SFA method to es-
timate the technical efficiency of cross-group comparisons
and no longer used the methods proposed in the previous
literature [27]. He first converted the factors of each group
into a certain proportion, then deleted the individual dif-
ferences between the conversion factors of each group by
means of differentials, and concluded that the conversion
factor could not be estimated. Battese et al. [18] modified the
model of Battese and Rao [31], assuming that there was only
one data-generation process, and proposed a two-stage
method for estimating common boundary parameters. In
the first stage, the SFA method was used to estimate the
production boundary and technical efficiency for each
group. In the second stage, the parameters obtained from the
first stage were estimated and the data of each group were
merged. ,e linear programming (LP) and the quadratic
programming (QP) were used to estimate the common
production boundary and technology. ,e technology gap
ratio (TGR) could be used to solve the problem that the
common production boundary could not envelop the
production boundaries of all groups, and a cross group
comparison could also be made.

O’Donnell et al. [19] used the concept of distance
function to establish the theoretical framework of the joint
production boundary, group boundary, and the relationship
between the two more clearly. At the same time, the DEA
method and the SFA method were used to estimate the
common production boundary. Between 1986 and 1990, the
agricultural production data of 97 countries were divided
into four groups according to regions, and the technical
efficiency of each group was compared. Since Battese et al.
[18] and O’Donnell et al. [19] proposed a two-stage method
for estimating common production functions, the devel-
opment of the common production function has matured.
At present, most scholars entitled such SFA also as “meta-
frontier analysis.” Recently, many scholars have paid at-
tention to it and applied it to empirical research. For ex-
ample, Shen et al. [32], Luo et al. [33], Nakaishi et al. [34],
Chou et al. [35], and Chou and Zhang [39]havesuccessful
applications. Similar to these literature, this study uses meta-
frontier analysis as an exploratory tool for further estimation
in case of the textile industry.

3. Methodology: Meta-Frontier Analysis

Assuming that there are J (>1) groups, the ith manufacturer
of the jth group uses N kinds of inputs, x � (x1, · · · , xN),
produces M kinds of outputs, y � (y1, · · · , yM), and the
production technology is of strong disposability. ,e pro-
duction technology of jth group could be expressed as
follows:
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T
j

� (x, y): x≥ 0; y≥ 0; x can be used by firms in group j to producey  (1)

According to the production technology T, the input
requirement set of the jth group and the input surface
distance function are, respectively, defined as follows:

L
j
(y) � x: (x, y) ∈ T

j
 , j � 1, 2, · · · , J; and, (2)

D
j
I(x, y) � sup

λ
λ> 0:

x

λ
∈ L

j
(y) j � 1, 2, · · · , J. (3)

According to Färe and Primont [37], the input surface
distance function satisfies the normal conditions such as
nondecreasing, convexity, and linear homogeneous for the
factor input vector x. ,erefore, the input distance function
could be expressed as the reciprocal of the technical effi-
ciency of the input surface defined by Farrell [38]. ,at is,

0≤
1

D
j
I(x, y)

� TE
j
I xt, yt( ≤ 1. (4)

According to Battese et al. [18] and O’Donnell et al. [19],
all the manufacturers with the basic concepts of the common
production boundary have the potential opportunities to use
the common boundary technology, but the manufacturers of
the groups will be faced with different production envi-
ronments, such as the production resources, the relative
input price, and the overall economic environment. ,e
function of selecting different production technologies for
production and using the common boundary technology for
production is a meta-frontier production function, which
could be regarded as the envelope curve of the production
function of each group. In other words, meta-technology
could be considered as the convex hull of each group’s
technical boundary [19], which is defined as follows:

T
∗ ≡ convex hull T

1 ∪T
2 ∪ · · · ∪T

J
 . (5)

,erefore, according to O’Donnell et al. [19], the meta-
technology set can be expressed as follows:

T
∗

� (x, y): x≥ 0; y≥ 0; x can producey in at least one group’s technology, T
1 ∪T

2 ∪ · · · ∪T
J
. (6)

According to the common border production technol-
ogy T∗, the input set of the common boundary and the input
meta distance function can be defined as follows:

L
∗
(y) � x: (x, y) ∈ T

∗
 , (7)

D
∗
I (x, y) � sup

λ
λ> 0:

x

λ
∈ L
∗
(y) . (8)

According to equations (1)–(8), it can be concluded that
the common boundary is the boundary of the unrestricted
technology set, and the group boundary is the boundary of
the restricted technology set. ,e reason for the limitation is
that different groups of vendors face the different production
environment. ,e distance function between the input
surface distance function and input surface of any group
must satisfy the following relationship:

D
j

I(x, y)≤D
∗
I (x, y)⇒TE

∗
I (x, y)≤TE

j

I(x, y), j � 1, 2, · · · , J. (9)

Using formula (9), we can derive the technical gap ratio
(TGR

j

I) for each group’s input surface as follows:

0≤TGR
j
I(x, y) �

D
j

I(x, y)

D
∗
I (x, y)

�
TE
∗
I (x, y)

TE
j

I(x, y)
≤ 1. (10)

,e value should be between 0 and 1, which represents
the ratio of the potential output of the jth group’s production
boundary output relative to the common production
boundary. ,e larger the TGR

j
I value, the closer the pro-

duction boundary of the jth group is to the common pro-
duction boundary, and the smaller the value is, the further

the jth group production boundary is from the common
production boundary.

Finally, using formula (10), the input surface can be used
to produce the boundary. ,e technical efficiency TE∗I is
decomposed as follows:

TE
∗
I (x, y) � TE

j

I(x, y) × TGR
j

I(x, y). (11)

In this study, the two-stage common distance
function estimation step is used. In the first stage, the
stochastic boundary model of Battese and Coelli [12] is
used to consider the influence of the exogenous envi-
ronmental variables on the technical efficiency, and the
most approximate method is used to estimate the pa-
rameter vector of the input surface distance function in
each group and calculate each vendor’s technical effi-
ciency estimate (TE

j

it).
In the second stage, the author uses the linear pro-

gramming (LP) and quadratic programming (QP) proposed
by Battese et al. [18] to estimate the parameters of the
common distance function parameters of the input surface.
Special attention should be paid to the fact that both of the
above estimation methods must be solved through mathe-
matical programming methods. ,e estimated standard
error of the parameter estimation formula is obtained by
Battese et al. [18] by using the simulation or bootstrap
method. Estimation of the TE∗it value from the parameter
estimates is obtained in the second stage, together with the
estimate TE

j

it obtained in the first stage, and an estimate of
TE

j
it could be obtained by using equation (11).
According to Chen et al. [39], the detail description is as

follows:

Mathematical Problems in Engineering 3



(1) Minimum sum of absolute deviations, which is also
known as linear programming (LP), is used to solve
the optimization problem:

MinL ≡ 
N

i�1


T

t�1
lnf Xit, β

∗
(  − lnf Xit,

β(j) 


. (12)

s.t. lnf Xit, β
∗

( ≥ lnf Xit,
β(j) . (13)

If the production function is log linear, then the
target function can be simplified as follows:

MinL ≡ 
N

i�1


T

t�1
Xitβ
∗

− Xit
β(j) , s.t.Xitβ

∗ ≥Xit
β(j).

(14)

Since each individual group’s estimated parameter
value is β(j), j � 1, . . . , R, in the minimization
process which is assumed to have a fixed value, this
LP problem is equivalent to the minimized target
function L∗ ≡ Xβ∗, where X denotes the average
vector of all variables.

(2) Minimum sum of squares of deviations, which also
known as the quadratic programming method (QP),
is used to solve the optimization problem as follows:

MinLL ≡ 
N

i�1


T

t�1
Xitβ
∗

− Xit
β(j) 

2
, s.t.Xitβ

∗ ≥Xit
β(j).

(15)

,is estimation method is equivalent to the restricted
least squares method. ,e whole calculation process is
carried out through STATA 17.

4. Results and Discussion

,is study applies the CSMAR database and selects samples
of private China’s listed energy companies in textile industry
from 2010 to 2015. ,e CSMAR database is currently the
largest in China and contains comprehensive economic and
financial research databases. ,e database includes China’s
corporate stocks, companies, funds, bonds, derivatives,
economy, industry, currency markets, overseas, sectors,
information and technology, finance, special topics, and
many other economic indicators. It is important to note that
Content and Format Standard of Company Information

Disclosure of Public Offering Securities No. 2 “Annual
Report Content and Format” announced by the China Se-
curities Regulatory Commission (CSRC) in December 2007
explicitly requires companies listed in China, which should
be published in 2007 and in the following years to disclose a
summary report on the performance of the board of auditors
set up by the board of directors. ,erefore, we can check the
changes of directors’ structure in listed companies in sub-
sequent years. In the study sample selection, after excluding
the missing data and nonaccounting firm independent ex-
ecutive sample, we get a total of 254 calculations. In terms of
variable setting, we consider whether the official director
(GOV) is employed in that year, business income of the
current year (Y), total input labor (L), total investment (K) in
purchasing and building fixed assets, intangible assets, and
other long-term assets. In addition, environmental variables
such as location variables (whether the company is located in
a municipality or a coastal province), market concentration
(HHI), and business operating time (AGE) are considered.
,e specific variables are listed in Table 1. Among them, the
author uses the variable GOV director status as a group of
companies to analyze and compare whether there is a clear
difference in the efficiency of the common border between
listed companies with official independent directors and
those companies without official independent directors.

,e empirical model is set as follows:

ln 1 � ln DI yit,xit, t; β  + vit − uit. (16)

Among them, yit is the tth operating income of the ith
company, xit is the tth factor input variable of the ith en-
terprise (total investment labor and total asset investment), β
is the vector to be estimated, vit is the random interference
item, which is the same and independent normal random
variable, uit represents the technical inefficiency term, a non-
negative random variable, and vit and uit are assumed to be
statistically independent. Table 2 summarizes the results of
the first-stage random boundary estimation. ,e empirical
results show that all variables except the variable AGE
(business year) have a statistically significant level. Among
them, the empirical results show that the input variables of
the company’s production process have a significant positive
impact on its revenue. In the estimation of environmental
variables, the results show that the variables HHI, CITY, and
COASTAL all have positive effects and have statistically
significant effects, indicating that the higher the market
concentration, the higher the company’s revenue. In addi-
tion, when the company is located in a municipality directly

Table 1: Variable definitions.

Variable attribute Variate Definition
Output variable Y Annual operating income of listed textile enterprises (RMB million)

Input variable L Total input labor force (thousand people)
K Total investment in fixed assets, intangible assets and other long-term assets (RMB million)

Director GOV Official independent director employed by listed company in current year� 1

Environment variables

HHI Market concentration
AGE Business year (year)
CITY Company located in a municipality� 1

COASTAL Company located in a coastal province� 1

4 Mathematical Problems in Engineering



under the central government or in a coastal province, it
indicates that companies in the relatively developed regions
with economic development also have a positive impact on
their revenue.

Based on the quadratic programming (QP) method
proposed by Battese et al. [17], Table 3 shows the estimation
results. To be more specific, we applied the random
boundary distance function shown in formula (12). It could
be found that there are some differences between the tra-
ditional random boundary model (pool-SFA, in which pool
means multiple cross-sectional data were merged) and the
QR estimation results, but the basic effect of input variables
on output variables is consistent with the results in Table 2.
,e main reason for the differences between the two is that
the pool-SFA method combines the group data of different
boards of directors together and directly estimates the
random boundary distance function while neglecting the
different management and the heterogeneity of the pro-
duction technology. ,e two-order programming rule ap-
plies the mathematical programming to estimate the
common production function relationship. In addition, the
use of the QP model system assumes that there are differ-
ences in the operating revenue performance of a listed food
company with an official independent director and a
company without official independent director. ,e author
uses the likelihood-ratio (LR) test and the null hypothesis to
assume that the production boundaries of the two types of
firms are the same, and the LR verification statistic λ �

−2 ln(H0) − ln(H1)  is used for estimation. Among them,
ln(H0) is the log-likelihood function value obtained by
merging and accumulating the estimated values of all the
group samples, and ln(H1) is the sum of the values of the
individual random boundary logarithm probabilistic func-
tions for each group.,e LR test statistic is 181.080. It rejects
the null hypothesis. It means that there is indeed hetero-
geneity among the independent directors and nonexistent
officials of the listed food companies. It is appropriate to use
the common boundary function to analyze and compare the
production efficiency and profit performance of different
groups.

Table 4 lists the related technical efficiency estimated
value under the common production boundary of the group.
,e size of the TGR reflects the difference in the manu-
facturer’s level of production technology. ,e greater the
TGR value, the closer the technical level used by the
manufacturer is to the common boundary technology. Bos
et al. [40] analyzed the banking industry competition and
pointed out that the TGR value and the market competition
presented a U-shaped curve. It represented that as the degree
of competition increases, manufacturers’ production be-
havior would gradually shift to the production of high-
quality and specialized products. From this table, it can be
found that without considering the technical heterogeneity,
there is an efficiency gain (the average efficiency is 0.865) for
the listed company with official independent directors over
the other companies (the average efficiency is 0.831).

Table 2: Random boundary estimation of the first stage.

Variable
Company with official independent director
(GOV) operating income logarithm ln (Y)

Company with no official independent
director (GOV) operating income logarithm

ln (Y)
Coefficient value Standard error Coefficient value Standard error

Constant term 2.534∗∗∗ 0.306 −2.548∗∗∗ 0.288
ln(L) 0.406∗ 0.061 1.662∗∗∗ 0.345
ln(K) 1.884∗∗ 0.950 2.545∗∗∗ 0.603
ln(L)× ln(K) −2.571∗∗∗ 0.551 0.450 0.961
Environment variables
Constant term 3.567∗∗∗ 1.554 5.202∗∗∗ 1.325
HHI 1.555∗∗∗ 0.566 2.551∗∗∗ 0.614
AGE 0.021 0.088 0.028 0.045
CITY 2.423∗∗∗ 0.457 2.811∗∗∗ 0.181
COASTAL 0.450∗∗ 0.230 0.451∗∗ 0.200
σ2u + σ2v 0.088∗∗∗ 0.022∗∗∗ 0.022∗∗∗ 0.008
σ2u/(σ

2
u + σ2v) 0.819∗∗∗ 0.022 0.988∗∗∗ 0.028

Log-likelihood 273.800 364.340
n 117 137
Data source: CSMAR database. Note: ∗∗∗, ∗∗, ∗ indicates statistical significance at the level of confidence of 1%, 5%, and 10%, respectively.

Table 3: Estimation for pool-SFA and QP methods.

Variable
Pool-SFA QP model

Estimated value Standard error Estimated value Standard error
Constant term 2.516 0.791 7.340 5.376
ln(L) 3.789 1.473 3.330 1.912
ln(K) 0.005 0.519 -2.272 0.866
ln(L)× ln(K) 2.516 0.791 7.340 5.376
Note. (1) Estimated standard errors of QP are estimated by using bootstrapping. (2) ,e pool-SFA model does not list the estimated value of σ2u and σ2v .
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However, when considering the common production
boundary, the TGR value of listed company with official
independent director is less than other companies, and the
production activity level of listed company with official
independent director is farther from the common tech-
nology boundary than the other. When considering the
common production boundary, the earnings performance
(the average efficiency is 0.714) of listed company with
official independent director is lower than listed company
without official independent director (the average efficiency
is 0.739).

Table 5 further lists the average common boundary ef-
ficiency and technical gaps for different groups over the
years. It can be found that when considering the common
border efficiency and technical gap, the earnings perfor-
mance (TE∗) of listed company with official independent
director (GOV) is lower than that of listed company without
official independent director (except for the year of 2009 and
2010). As for the reasons for the differences in earnings
performance among groups, Ye et al. [41] and Lu and Yang
[5] believed that in a transitional economy such as China
with weak property rights protection and high government
intervention, listed companies that appointed government
officials to enter the board of directors and established a
good relationship with the government could obtain more
critical resources and policy support, and this might also
induce listed companies to seek rent-seeking space. ,is
situation shows that companies that hire official indepen-
dent directors may invest other capital in the business

process in the nonproduction investment and nontechnical
upgrading. ,at may indirectly cause waste of input re-
sources and bring about negative influence on the com-
pany’s own production efficiency and profitability.

5. Conclusion

,is study uses the CSMAR database to examine the op-
erating data of listed companies in textile industry from 2010
to 2015 and analyzes the effect of official independent di-
rectors on the profitability of listed companies. By using the
empirical model, this study uses the common boundary
performance model to analyze the differences in the oper-
ating efficiency and income efficiency between companies
with official independent director and the others. ,e em-
pirical evidence shows that under the condition of not
considering technological heterogeneity, there is a higher
efficiency of the earnings of listed companies with official
independent directors than other companies. However,
when considering the common production boundary, there
is an issue that the earnings performance of listed companies
with official independent directors is lower than other
companies; the research results show that the withdrawal of
the official independent directors in themarket has a positive
impact on the profitability of the company. ,is article
believes that the poor performance of earnings of listed
companies with official independent directors may be caused
by the fact that other capitals in the business process are
invested in nonproduction and nontechnical upgrading,

Table 4: Profitability of listed companies.

QP model
Mean Variance Min Max

Listed company with official independent director (GOV)
Technological gap (TGR) 0.786 0.116 0.499 1.000
Random boundaries of the first stage (TE) 0.865 0.078 0.599 0.945
TE∗ 0.714 0.118 0.372 0.942

Listed company with no official independent director (NO-GOV)
Technological gap (TGR) 0.844 0.081 0.519 1.000
Random boundaries of the first stage (TE) 0.831 0.090 0.552 0.943
Common border efficiency (TE∗) 0.739 0.106 0.410 0.927

Whole sample
Technological gap (TGR) 0.800 0.102 0.405 0.950
Random boundaries of the first stage (TE) 0.834 0.082 0.552 0.945
Common border efficiency (TE∗) 0.703 0.112 0.351 0.942

Table 5: Average common boundary efficiency and technical gap for each group.

Year
Listed company with official independent director

(GOV)
Listed company without official independent

director (NO-GOV)
TE TGR TE∗ TE TGR TE∗

2010 0.791 0.700 0.604 0.834 0.765 0.670
2011 0.851 0.945 0.793 0.822 0.884 0.766
2012 0.806 0.899 0.831 0.849 0.783 0.735
2013 0.842 0.819 0.700 0.819 0.848 0.748
2014 0.894 0.815 0.694 0.820 0.859 0.748
2015 0.857 0.699 0.652 0.775 0.869 0.725
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indirectly leading to waste of input resources, and negatively
affecting the company’s own production efficiency and
profitability.

To sum up, the announcement of the Chinese govern-
ment’s Opinions on Further Stipulating the Issue of Party
and Government Cadres Working in Enterprises and Notice
of the General Office of the Ministry of Education on
Conducting a Special Inspection of Party and Government
Leading Cadres Part-time in the Enterprise has cut off
companies’ channels of building political relations with
governments by hiring government officials to serve as
independent directors, reducing the potential for capital to
invest in nonproduction inputs and nontechnical upgrades.
,is not only helps maintain the market order but also has a
substantial positive impact on the development of industrial
competition. Looking at the changing trend of China’s
economy and industry, the professionalization and spe-
cialization of independent directors and the professional
competence of independent directors should be regarded as
the current major development goals. In addition, this study
focuses more on using meta frontier to show the regulatory
changes in China, but there are still many limitations in this
research. First of all, due to the lack of data, we cannot
discuss the situation 10 years ago, so we did not cover it. In
addition, we are looking at one industry and therefore may
need to compare with other industries simultaneously in the
future. Meanwhile, future research directions of our work
may include cases from other developing countries.
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[30] D. V. Kovalevsky and M. Máñez-Costa, “Dynamics of water-
constrained economies affected by climate change: nonlinear
and stochastic effects,” Mathematical Topics on Modelling
Complex Systems, vol. 1, pp. 105–129, 2022.

[31] G. E. Battese and D. P. Rao, “Technology gap, efficiency, and a
stochastic metafrontier function,” International Journal of
Business and Economics, vol. 1, no. 2, p. 87, 2002.

[32] Z. Shen, K. Bai, T. Hong, and T. Balezentis, “Evaluation of
carbon shadow price within a non-parametric meta-frontier
framework: the case of OECD, ASEAN and BRICS,” Applied
Energy, vol. 299, Article ID 117275, 2021.

[33] Y. Luo, Z. Lu, S. Muhammad, and H. Yang, “,e heteroge-
neous effects of different technological innovations on eco-
efficiency: evidence from 30 China’s provinces,” Ecological
Indicators, vol. 127, Article ID 107802, 2021.

[34] T. Nakaishi, H. Takayabu, and S. Eguchi, “Environmental
efficiency analysis of China’s coal-fired power plants con-
sidering heterogeneity in power generation company groups,”
Energy Economics, vol. 102, Article ID 105511, 2021.

[35] L. C. Chou, W. H. Zhang, M. Y. Wang, and F. M. Yang, “,e
influence of democracy on emissions and energy efficiency in
America: new evidence from quantile regression analysis,”
Energy & Environment, vol. 31, no. 8, pp. 1318–1334, 2020.

[36] L. C. Chou and W. H. Zhang, “,e effect of democracy on
energy efficiency in European countries,” Economic Research-
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