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Abstract
We develop an output-oriented data envelopment analysis framework to examine the 
efficiency of Chinese banks over the period 2007–2017 and further test the relationship 
between efficiency and corporate social responsibility (CSR). We are the first piece of 
research considering the number of employees as one bank input and potential increase 
in the number of employees as one CSR indicator. Additionally, we innovatively propose 
another three specific CSR indicators: namely donation, balance of green credits and loans 
to small and medium sized enterprises. The results show that the gain from improving 
allocative output-efficiency by reallocating variable inputs is less than the gain attained by 
improving technical output-efficiency. Evidence from the second-stage regression analysis 
shows that the overall indirect technical efficiency is significantly and negatively affected 
by the volumes of green credits, while an increase in the volumes of donations will improve 
the indirect allocative efficiency.

Keywords  DEA · Chinese banks · Corporate social responsibility · Bank risk · 
Bootstrapped truncated regression

JEL Classification  C14 · G21 · C24

1  Introduction

Nowadays, the banking industry, in particular the Chinese banking industry, earns a huge 
amount of profits through its traditional deposits and loans services and a variety of non-
interest generating activities. The efficient allocation of resources is of great concern to 
different parties in society; this is related to the internal banking operation. More and more 
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banks now realize that the successful operation of a bank does not depend solely on its 
internal management, but it also depends on its external activities, through which banks 
provide returns to society by engaging in different types of activities, contributing to the 
development of the economy, environment and the society. Such corporate social respon-
sibility (CSR) is thought to have a significant impact on bank reputation and bank image. 
Although quite a few empirical studies have investigated the CSR issues and their impact 
on bank financial performance, there is no study considering CSR and their impact on effi-
ciency in the Chinese banking context. Moreover, all the studies use very general indica-
tors to measure CSR in the banking sector and no attempt has been made to propose and 
use specific indicators that are closely related to CSR.

When looking at corporate social behaviour undertaken by the Chinese commercial 
banks, we need to consider the types of activities they engage in. In general, the types of 
CSR can be classified into four groups: firstly, the corporate social behaviour undertaken 
by the Chinese commercial banks can contribute to the positive development of the society 
and economy by alleviating the unemployment problem. Through employing more staff, 
both at the managerial level and administrative level, the banks are able to help the econ-
omy by improving employment levels and contribute to the development of the society by 
alleviating the unemployment issue. Secondly, not only can the CSR promote equal eco-
nomic development among different geographical areas and, in particular, provide support 
to the development of poor areas in China, but it can also further enhance the development 
of important sectors of the economy. More specifically, this behaviour can be reflected by 
providing donations to the “Hope Programme”, which targets the western areas, where stu-
dents cannot afford to undertake education. In addition, donations were given to universi-
ties for their scholarship and research development. Thirdly, the corporate social behaviour 
can further protect the environment. To be more specific, the Chinese commercial banks 
have been gradually increasing their awareness of and concern about the importance of a 
cleaner environment for the economy, and they have incentivized different companies or 
projects engaging in environmental protection activities by providing credits. These pol-
lution free credits granted by the Chinese commercial banks are also called “Green Cred-
its”. Finally, the CSR undertaken by the Chinese commercial banks can promote an equal 
development of different types of enterprises in China. As argued by Tan (2017), Chinese 
commercial banks allocated a large volume of credits to the large and state-owned enter-
prises in China, while it is relatively difficult for the small and medium sized enterprises 
(SMEs) to get loans from the Chinese commercial banks. According to Elliott et al. (2015), 
the SMEs in China provided 70% of employment and contributed 60% of China’s GDP 
in 2012; however, they only received 30% of bank loans. The incentive and behaviour 
engaged in by the Chinese commercial banks to provide more credits to SMEs in China 
will not only benefit sound and balanced development among different types of enterprises 
in China but will also significantly contribute to economic growth.

The selection of CSR variables is in line with the framework provided by Scholtens 
(2009) to assess international banks’ CSR. The framework focused on four different 
aspects of CSR in the banking industry: (1) codes of ethics, sustainability reporting, and 
environmental management system; (2) environmental management; (3) responsible finan-
cial products; (4) social conduct. Different indicators are used to measure each of these 
four aspects. We argue that potential increase in the number of employees and loans to 
SMEs are in line with the indicator “Diversity and Opportunity” under the “social conduct” 
category. More specifically, we argue that potential increase in the number of employees 
will provide more opportunities to people who are looking for a job, and this will also 
reduce the unemployment rate for the economy. As discussed above, the SMEs find it very 
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difficult to get bank loans; providing loans to them will provide more opportunities for 
them to engage in investments and further contribute to the economic growth in China. 
Our proposal of using donations as one variable of CSR is in line with the indicator “com-
munity involvement” under the category of “social conduct”. Finally, our proposal of using 
green credits as one CSR variable is in accordance with the indicator “sustainable financ-
ing” under the category of “responsible financial products”.

The current paper contributes to the empirical banking literature mainly in the follow-
ing ways: firstly, we contribute to the efficiency measurement in the banking industry by 
proposing a framework to analyze the efficiency level of Chinese commercial banks using 
an indirect distance function incorporating a corporate social responsibility variable; more 
specifically, we provide the first piece of research to propose the number of employees as 
one input and the potential increase in the number of employees as the CSR indicator. Sec-
ondly, we propose and use three indicators focusing on three-specific aspects of CSR from 
three perspectives, namely donations (social perspective), balance of green credits (envi-
ronmental perspective) and loans to SMEs (economic perspective) and investigate their 
impacts on bank efficiency. This is also the first piece of research investigating the impacts 
of these three proposed CSR on bank efficiency under the Simar and Wilson (2007) Boot-
strapped truncated regression.

The findings show that the gains obtained by improving the technical output-efficiency 
are more than the ones attained by improving the allocative output efficiency through real-
locating variable inputs. Most importantly, we find that the Chinese banking industry can 
enhance its social responsible behaviour through employing more staff to alleviate the 
unemployment issue for the economy. The second stage analysis reports that among the 
proposed three different CSR indicators, donations is significantly and positively related to 
indirect allocative efficiency, while the overall indirect technical efficiency is significantly 
and negatively affected by balance of green credits.

The paper is structured as follows: Sect. 2 reviews the literature on efficiency and cor-
porate social responsibility in the banking sector. Section 3 explains the methodology. Sec-
tion 4 presents the data and choice of model, and then Sect. 5 reports the results. Section 6 
presents the additional robustness check. Section  7 provides a discussion of the results. 
Finally, a conclusion and discussion on policy implications are given in Sect. 8.

2 � Literature review

2.1 � Efficiency in the Chinese banking industry

There are a number of studies investigating the efficiency level of Chinese commercial 
banks under SFA (Jiang et al., 2013; Sun & Chang, 2011; Sun et al., 2013 and Dong et al. 
2016; among others). The results from Jiang et al. (2013) show that state-owned commer-
cial banks have the lowest level of efficiency compared to other ownership types and bank-
ing sector reforms are helpful in improving the efficiency level of Chinese banks. The rest 
of the studies show that the efficiency level in the Chinese banking industry is affected by 
diversification, risk level, bank size, market power, bank listing and strategic investors.

Using a stochastic meta-frontier framework, Huang and Fu (2013) investigate the 
determinants of cost frontier gap between Chinese and Taiwanese banks over the period 
2005–2009. The authors find that this gap is mainly determined by financial market 
structure, institutional environment and political development. The study also identifies 
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that Taiwanese banks do not only have a lower cost frontier, but also a lower level of 
cost efficiency. In particular, foreign banks in China are found to have the highest cost 
efficiency and private banks in Taiwan to have the minimum cost frontier. Their findings 
also suggest that, in contrast to Taiwanese banks, Chinese banks should reduce their 
size of operation.

A second branch of studies uses DEA to evaluate efficiency in the Chinese bank-
ing industry (An et al., 2015; Asmild & Matthews, 2012; Avkiran & Morita, 2010; Du 
et  al., 2018; Fu et  al., 2016; Shi et  al., 2017; Wang et  al., 2014; Yu et  al., 2019; Zha 
et  al., 2016; Zhou et  al., 2018). The results show that the Chinese banking industry 
should carefully reconsider the scale of operation, although the studies do not reach a 
consensus regarding the comparison of efficiency level among different ownership types 
of banks. The findings suggest that the efficiency of Chinese banks is mainly from the 
deposit production process. Regarding the determinants of efficiency in the Chinese 
banking industry, the findings show that the efficiency of Chinese banks is significantly 
affected by bank risk, share of other earning assets, share of non-earning assets, total 
equity and financial reforms. Finally, it is suggested that lower level of efficiency is 
attributed to weak risk control and Chinese commercial banks can benefit from a pro-
posed merger.

Besides the studies on Chinese banking efficiency from the international academic 
journals as reviewed above, many studies on the same topic were published in the Chi-
nese domestic economics and finance journals. Liu and Song (2004) use stochastic fron-
tier analysis approach to evaluate the X-efficiency and scale efficiency of four state-owned 
and 10 shareholding banks over the period 1996–2001. The findings suggest that listed 
shareholding banks have higher X-efficiency than unlisted ones and state-owned banks. 
In addition, the results show that shareholding banks exhibit economies of scales and 
state-owned banks experience diseconomies of scale. Instead of using stochastic frontier 
analysis approach, Yang and Zhang (2007) use the data envelopment analysis to assess the 
level of cost efficiency and profit efficiency for a sample of Chinese banks between 1996 
and 2005. The findings report that Chinese commercial banks are different in the level of 
cost efficiency and profit efficiency, although the level of these two efficiencies of join-
stock banks are lower than that of state-owned banks, and the improvement of the former 
is quicker than the latter. Using the same method as Yang and Zhang (2007), Song et al. 
(2009) received a different result, showing that state-owned banks are less efficient than 
joint-stock banks. Not only testing the efficiency levels in the Chinese banking industry, 
Xu and Shi (2006) use both the stochastic frontier analysis and data envelopment analysis 
to evaluate the efficiency of 14 commercial banks between 1997 and 2001. Although the 
results generated from these two different methods produce efficiency scores with a big dif-
ference, they also showed they have a good coincidence.

Yao et al. (2004) focus on the efficiency analysis, and also applied the stochastic frontier 
analysis for the efficiency evaluation of 22 Chinese banks over the period 1995–2001. They 
further examine the impacts of ownership structure and hard budget constraints on bank 
efficiency. The results show that non-state-owned banks are 8–11% more efficient than 
state-owned banks and banks facing harder budget constraints perform better than the ones 
that are supported by the government. A slacks-based directional distance function is used 
by Wang and Zhu (2011) to investigate the efficiency level in the Chinese banking industry. 
The findings indicate that (1) joint-stock commercial banks outperform the state-owned 
commercial banks; (2) the main sources of inefficiency are from non-interest income and 
non-performing loans; (3) the macroeconomic environment, including the shares of foreign 
banks and monetary supply growth, are significantly related to bank efficiency.
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2.2 � Corporate social responsibility and performance

There are few studies investigating the issue of the relationship between CSR and cor-
porate performance (Ciciretti et  al., 2014; Mallin et  al., 2014; Platonova et  al., 2018; 
Simpson & Kohers, 2002; Soana, 2011; Zhu et al., 2017; among others). All the studies 
measure the performance in the banking sector using relevant accounting ratios, and 
although Ciciretti et al. (2014) examine the efficiency level and the impact of CSR on 
efficiency, the general community reinvestment act is used to measure the CSR. Zhu 
et al. (2017) further extend the study of Ciciretti et al. (2014) by using social contribu-
tion value per share to measure the CSR. This indicator suffers from the limitation that 
only listed banks will be applicable and unlisted banks are ignored. There are few pieces 
of research investigating the impact of CSR on risk level (Harjoto and Laksmana, 2016; 
Hsu and Chen, 2015; Oikonomou et al., 2012; Albuquerque et al., 2019). However, all 
the studies focus on non-financial institutions. There are few studies which attempted 
to examine the relationship between CSR and bank risk (Bolton, 2013; Gambetta et al., 
2017; Gangi et al., 2018; among others). Our study significantly contributes to the lit-
erature on CSR in banking by being the first piece of research using three specific indi-
cators (namely donations, Loans to Small and Medium Sized Enterprises and Balance 
of Green Credits) related to banks’ corporate social behaviour rather than general CSR 
indices or scores (Francis et  al., 2018). This is supposed to generate important policy 
implications to the banking regulatory authority. Also we use number of employees as 
one input and also propose the potential increase in the number of employees as one 
CSR indicator.

2.3 � Hypothesis development

As argued previously, we are going to be the first piece of research measuring corporate 
social responsibility in the banking industry by using four explicit indicators, including 
increase in employment, donations, loans to small and medium sized enterprise and bal-
ance of green credits.

Increase in the level of employment in the banking industry will, from the macroscopic 
level, reduce the employment rate and alleviate the poverty of the country. While from 
the microscopic level, this will increase the bank burden by increasing banks’ personnel 
expenses. However, a larger number of employees in the banking institution will increase 
the possibility of innovation activities and potential of generating more ideas to optimize 
bank production process, which will further improve bank efficiency. Therefore, our first 
hypothesis will be:

we do not have any a priori expectation with regard to the impact of the increase in the 
number of employees on bank efficiency.

Donations, as discussed previously, will not only promote the quality and quantity of 
research activities engaged in by the universities, but will also contribute to the equal eco-
nomic development between different parts of China. On the other hand, this obviously 
will increase banks non-interest expenses; however, this will promote the bank image and 
increase bank brand awareness. Consequently customers, companies and depositors will 
be more likely to do business with the bank, and the increase in the volume of business 
engaged in by the bank will reduce bank cost and further improve bank efficiency. There-
fore, our second hypothesis is:
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we do not have any a priori expectation in terms of the impact of donations on bank 
efficiency.

Thirdly, loans to small and medium sized enterprises will provide a fairer development for 
different types of enterprises in China and will further increase the contributions of small and 
medium sized enterprises to the country’s economy. On the one hand, granting credits to small 
and medium-sized enterprises will increase bank risk due to the fact that they are holding 
a smaller amount of capital and do not have any government support, thus increasing bank 
cost in terms of risk monitoring, checking and management. On the other hand, allocating 
credits to both large and small and medium sized enterprises will not only increase the vol-
umes of loan businesses engaged in by the banks, but also increase the “type” of loan busi-
nesses engaged in by the banks. The cost will be reduced derived from the economies of scale 
and economies of scope. Therefore, our third hypothesis will be: we do not have any a priori 
expectation with regard to the impact of loans to small and medium sized enterprises on bank 
efficiency.

Finally, balance of green credits mainly reflects banks’ corporate social responsibility from 
the perspective of their commitment to protecting the environment from the businesses they 
are conducting. From the microeconomic level perspective, green projects normally have a 
higher level of default risk (Baker et al., 2018; Partridge & Medda, 2020). This would increase 
bank cost and further reduce bank efficiency. On the other hand, if regulation effectively 
incentivises this type of credit, and competition for this market segment consolidates, then 
its effect on bank efficiency can turn positive (Schaeck & Cihák, 2014). Therefore, our fourth 
hypothesis is:

we do not have any a priori expectation with regards to the impact of balance of green cred-
its on bank efficiency.

3 � Methodology

3.1 � Production theoretic preliminaries

Let x =
(
x1,… , xn,… , xN

)
∈ ℜN

+
 and y =

(
y1,… , ym,… , yM

)
∈ ℜM

+
 be non-negative vec-

tors of N inputs and M outputs, respectively. The production process is modeled by the direct 
output possibility set:

which gives all output vectors that can be produced by a given vector of inputs x.
We assume that P(x) satisfies strong disposability of inputs and outputs and is convex and 

compact. The direct output possibility set (1) can alternatively be written as the production 
possibility set, denoted by

Therefore, we have y ∈ P(x) ⇔ (x, y) ∈ T . The cost function is defined as

(1)P(x) =
{
y
|||x ∈ ℜ

N
+
can produce y ∈ ℜ

M
+

}
,

(2)T = {(x, y)|y ∈ P(x) }.

(3)C(y,w) = min
x

{wx| y ∈ P(x)} = min
x

{wx| (x, y) ∈ T}
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where w =
(
w1,… ,wn,… ,wN

)
∈ ℜN

++
 is a positive vector of N variable input prices and 

wx  is the inner product, i.e., wx = w1x1 +⋯ + wnxn +⋯ + wNxN . Following Shephard 
(1974), we define the indirect (budget-constrained) output possibility set as

where c is a positive prescribed input cost or budget. The indirect output possibility set, 
IP(w∕c) , gives the set of all output vectors that can be produced at a cost not greater than c , 
while the inputs are endogenously determine in Eq. (4). Since the cost function is by defi-
nition homogeneous of degree 1 in input prices, i.e., C(y, 𝛼w) = 𝛼C(y,w), ∀𝛼 > 0 , Eq. (4) 
can be written as

The two output possibility sets, P(x) and IP(w∕c) are related as follows:

See Färe and Primont (1995) for Eq. (6). Relative to the direct output possibility set, 
P(x) , the direct (radial) output distance function is defined by

which is a complete characterization of the output possibility set (1) in the sense that

We defined the direct technical efficiency, TE , as being equal to the direct output dis-
tance function, i.e.,

If TE = 1 , then a bank is technically efficient. If TE < 1 , then the firm is technically 
inefficient. Relative to IP(w∕c) , defined in (4), the indirect (budget-constrained) output 
distance function, IDO(w∕c, y) , is defined for w∕c > 0 as:

where

Similar to DO(x, y) , the indirect output distance functions completely characterize the 
budget-constrained output possibility set and we define the indirect technical efficiency 
measure, ITE , as

A unity value of ITE  indicates indirect technical efficiency. If ITE < 1 , then it indi-
cates indirect technical inefficiency. For a more detailed account of direct and indirect 
production sets and Eq. (6), see Shephard (1970, 1974) and Färe and Primont (1995). 

(4)IP(w∕c) = {y| There is x ≥ 0 such that y ∈ P(x) and wx ≤ c}

(5)IP(w∕c) = {y| C(y,w) ≤ c} = {y| C(y,w∕c) ≤ 1}.

(6)P(x) ⊆ IP(w∕c) for (w∕c)x ≤ 1 and
⋃

(w∕c)x≤1

P(x) = IP(w∕c)

(7)
1

DO(x, y)
= sup

�

{�| �y ∈ P(x) },

DO(x, y) ≤ 1 if and only if y ∈ P(x).

(8)TE = DO(x, y)

(9)
1

IDO(w∕c, y)
= sup

�

{�| �y ∈ IP(w∕c) }

IDO(w∕c, y) ≤ 1 if and only if y ∈ IP(w∕c).

(10)ITE = IDO(w∕c, y).
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Using the two output-efficiency measures, (8) and (10), an indirect allocative efficiency 
measure, IAE(x,w∕c, y) , is denoted as follows:

The bank could increase all outputs proportionately by (1 − IAE) × 100% without any 
increase in the cost, if allocative inefficiency is removed. Grosskopf et al. (1997) referred 
to the reciprocal of IAE as the gain function and Fukuyama et al. (1999) defined the gain 
function as an allocative efficiency measure to study the efficiency of credit cooperatives in 
Japan. In this article, we define the indirect allocative efficiency as Eq. (11), so that it takes 
a value between zero and one. It should be noted that, if (w∕c)x ≤ 1 and y ∈ P(x) , then we 
have that:TE ≤ 1 , ITE ≤ 1 and IAE ≤ 1 . It should be noted that,

From Eq. (11), we arrive at the following decomposition:

Figure 1 visualizes direct and indirect production possibility sets along with the three 
output-oriented efficiency measures. Consider the technically inefficient DMUA , repre-
sented by y. Clearly, y ∈ P(x) and y ∈ IP(w∕c) for wx ≤ c . Since there is an input vec-
tor x∗ for a given level of y , we have that y ∈ P(x∗) ⊆ IP(w∕c) for wx∗ ≤ c . The techni-
cal efficiency of DMUA is calculated as TE = OA∕OB and the indirect technical efficiency 
is obtained as ITE = OA∕OC . Hence, the indirect allocative efficiency is calculated as 
IAE = OB∕OC . The state of output technical efficiency and input allocative efficiency can 
be reflected by making a comparison between TE and ITE. The maximum technical effi-
ciency regarding outputs can be achieved if TE = 1; a bank is allocating inputs efficiently 

(11)IAE =
IDO(w∕c, y)

DO(x, y)
=

ITE

TE
.

(12)(w∕c)x ≤ 1 and y ∈ P(x) ⇒ TE ≤ 1 and ITE ≤ 1 and IAE ≤ 1

(13)ITE = IAE × TE.

Fig. 1   Direct technical efficiency, indirect technical efficiency and indirect allocative efficiency. Notes: (1) 
The technical efficiency at A (TE) = OA∕OB . (2) The indirect technical efficiency at A  (ITE) = OA∕OC . 
(3) The indirect allocative efficiency at A (IAE) = OB∕OC
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but it is not technical efficient if TE = ITE < 1. In other words, if this happened, that indi-
cates that reallocating inputs will not lead to any further increase in the output production. 
A bank is output technical efficient and input allocative efficient if ITE = TE = 1. Thus, the 
input allocative efficiency, IAE, can be measured by the ratio of ITE/TE.

The indirect allocative efficiency (11) is related to, but different from, the standard 
allocative efficiency measure that is directly constructed based on the cost function (3) and 
the standard (radial) input distance function DI(x, y) is defined by

Using Eqs. (3) and (14), the standard input-oriented allocative efficiency measure, 
stdAE, is defined as

Note that if y ∈ P(x) then stdAE ≤ 1 . The standard input-oriented or input allocative 
efficiency measure (15) is gauged as the ratio of cost efficiency, C(y,w)∕wx , to input-
oriented technical efficiency, inputTE = 1∕DI(x, y) . In contrast, the indirect allocative 
efficiency measure (11) is denoted by the ratio of indirect (output-oriented) technical effi-
ciency, IDO(w∕c, y) , to direct “output-oriented” technical efficiency DO(x, y).

3.2 � Implementing data envelopment analysis

Utilizing the preliminaries on indirect production, we develop a DEA (data envelopment 
analysis) variable returns to scale framework. The term DEA was coined by Charnes et al. 
(1978) under the assumption of constant returns to scale, and Banker et al. (1984) extended 
the constant returns to scale model into a variable return to scale variant. Suppose there are 
j = 1,… , J decision making units (DMUs) or banks in our case. Let xnj and ymj represent 
the observed quantities of inputs and outputs, respectively, for DMUj. Let �j be a non-neg-
ative intensity variable for DMUj. The constant returns to scale DEA versions of the direct 
output possibility set are expressed as

and the indirect output possibility set is written as

Relative to Eq. (16), the direct technical efficiency measure is:

(14)
1

DI(x, y)
= inf

�
{�| y ∈ P(�x) }.

(15)stdAE =
C(y,w)∕wx

DI(x, y)

(16)P(x) =

⎧
⎪⎨⎪⎩
y

��������

J�
j=1

xnj�j ≤ xn, n = 1,… ,N;

J�
j=1

ymj�j ≥ ym, m = 1,… ,M;

�j ≥ 0, j = 1,… , J

⎫⎪⎬⎪⎭

(17)IP(w∕c) =

⎧
⎪⎪⎪⎨⎪⎪⎪⎩

y

���������������

J�
j=1

xnj�j ≤ xn, n = 1,… ,N;

N�
n=1

(wn∕c)xn ≤ 1;

J�
j=1

ymj�j ≥ ym, m = 1,… ,M; ym ≥ 0, m = 1,… ,M;

xn ≥ 0, n = 1,… ,N; �j ≥ 0, j = 1,… , J.

⎫⎪⎪⎪⎬⎪⎪⎪⎭
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In (18) the proportional expansion in outputs for the DMU is estimated keeping its fixed 
and variable input vector constant. Using the technology (17), we obtain the indirect tech-
nical efficiency measure as

where c is a total cost which is treated as fixed in Eq. (19).
The indirect technical efficiency measure in (19) estimates the proportional expansion in 

outputs by allowing the DMU to choose variable inputs given current fixed input usage so 

that the inputs are chosen in such a way that the budget constraint, 
N∑
n=1

wnxn ≤ ck , is satis-

fied. The target variable input vector is determined by the solution vector x∗ , where the 
asterisk * indicates optimality.

3.3 � Simar and Wilson (2007) bootstrapped truncated method to estimate 
the impact of CSR on bank efficiency

This study follows the estimation method proposed by Simar and Wilson (2007), who 
investigate the determinants of bank efficiency using a bootstrap technique. Before illus-
trating the estimation procedure, the following model is given:

where Zi is a vector of explanatory variables which are supposed to have impacts on bank 
efficiency and � refers to a vector of parameters with some statistical noise �i . Simar and 
Wilson (2007) argue that the advantage of bootstrapped truncated regression lies in the fact 
that it produces, with bias corrected estimates of � , valid estimates for the parameters in the 
regression model.

The bootstrap algorithm is described in the following steps:

1)	 Calculate the efficiency score 𝛿 for each bank in each year using the method described 
in the previous subsections

2)	 Use the maximum likelihood method to estimate the truncated regression of 𝛿 on Zi to 
provide an estimate 𝛽  of  � and an estimate 𝜎̂𝜀 of ��

3)	 For each bank i = 1……,I, repeat the next three steps (a-c) L times to yield a set of 
bootstrap estimates as A =

{
(𝛽∗, 𝜎̂∗

𝜀
)b
}L

b=1

a.	 Draw �i from the N(0, 𝜎̂2
𝜀
 ) distribution with left truncation at ( 1 − 𝛽Zi).

(18)

TE = max
�,�

⎧
⎪⎨⎪⎩
�

��������

J�
j=1

xnj�j ≤ xn, n = 1,… ,N;
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b.	 Compute �∗
i
=+�i

c.	 The maximum likelihood method is used to estimate the truncated regression of �∗
i
 

on Zi , yielding estimates ( 𝛽∗, 𝜎̂∗
𝜀
).

4)	 Use the bootstrap results to construct confidence intervals.

4 � Data and choice of models

4.1 � Data sources and specification of inputs and outputs

In terms of the data used in the current study to estimate the efficiency and the impact CSR 
on bank efficiency, they are mainly collected from Fitch Connect, as well as the annual 
financial statement from each bank. In total, we collected data for 72 Chinese commercial 
banks over the period 2007–2017.1 More specifically, with regard to the estimation of effi-
ciency in the Chinese banking industry, two outputs are used, which are interest income 
and non-interest income. Both the interest income and non-interest income make up the 
total income for banks. This output was used by Ouenniche and Carrales (2018) in estimat-
ing efficiency in the UK banking industry. There are three inputs considered in the current 
study: number of employees, fixed assets and deposit. The use of number of employees 
and fixed assets as inputs is in accordance with Fukuyama and Weber (2017), while the 
use of deposits as input is in line with the argument of Yildirim (2002). The related three 
input prices are price of labour, price of capital and price of funds, the measurements of 
which are the ratio of personal expenses to the number of employees (Dong et al., 2016), 
the ratio of non-interest expenses to fixed assets (Tan & Floros, 2018) and the ratio of 

Table 1   Summary statistics of the variables used in the efficiency estimation

In the efficiency analysis, we consider three inputs, including number of employees, fixed assets and total 
deposits; two outputs, including interest income and non-interest income, as well as three input prices. The 
input prices are price of labour, measured by the ratio of personnel expenses to number of employees; price 
of capital, measured by the ratio of non-interest expenses to fixed assets and the price of funds measured by 
the ratio of interest expenses to total deposits. All the variables are in RMB 10,000

Variables Observations Mean Standard deviation Minimum Maximum

Interest income 792 8,576,100 2.03e+07 790 1.39e+08
Non-interest income 792 1,170,670 2,222,337 305 1.44e+07
Number of employees 792 36,784.79 90,833.89 101 503,082
Fixed assets 792 2,329,888 5,736,235 1008 3.80e+07
Total deposits 792 1.78e+08 4.32e+08 49,098 2.95e+09
Price of labour 792 48.02729 72.74657 0.1312856 615.2145
Price of capital 792 1.596175 5.841138 0.0018114 82.71062
Price of funds 792 10.87176 62.27033 0.00213 965.2047

1  We collect the sample data from Fitch connect as well as banks’ annual financial statements. Originally 
data of 100 Chinese banks was collected. We remove the ones with missing observations of certain vari-
ables we use in our analysis and we also remove the banks with missing data for specific year(s). Totally we 
clean the data and form the balance dataset of 72 banks in China over the period 2007–2017 without any 
missing values of variables and years.
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interest expenses to total deposits (Tan, 2016). Table 1 shows the summary statistics of the 
variables used in the efficiency estimation. The table shows that Chinese commercial banks 
have a bigger difference in total deposits, while the difference in the number of employees 
among Chinese commercial banks is relatively small. Regarding the input prices among 
Chinese commercial banks, it is found that Chinese commercial banks have a smaller dif-
ference in the price of capital, while the differences in the price of labour and price of 
funds are bigger. However, the difference between these two input prices is not big, with 
standard deviation of price of labour 73 and the one of price of funds 62.

4.2 � Preliminary analysis of DEA scores: constant versus variable returns to scale

In this study we have adopted the representations of constant returns to scale technology, 
Eq. (16), because we tested the null hypothesis that the constant returns to scale and the 
variable returns to scale are the same. For the construction of variable returns to scale tech-
nology, all we need to do is to append 

∑
j

�j = 1 to Eq. (16).

The bootstrapped S-statistic is estimated based on the scale efficiency, i.e., the ratio of 
the VRS and the CRS output distance functions (Bogetoft & Otto, 2011). The null hypothe-
sis is that the technology exhibits constant returns to scale globally. The alternative hypoth-
esis is that the technology exhibits variable returns to scale. Table 2 shows that we cannot 
reject the null hypothesis. Since the hypothesis of global constant returns to scale is not 
rejected statistically, we employ the constant returns to scale specification in our empirical 
analysis. For this testing, we utilized the R codes developed by Bogetoft and Otto (2011).

Before concluding this sub-section, we have a remark on the standard input-oriented 
allocative efficiency measure (15) and the indirect allocative efficiency (11) in relevance to 
our dataset. Our dataset supports the constant returns to scale specification, and hence we 
have the following results:

	 (i)	 ITE ≡ DO(x, y) = 1∕DI(x, y) ≡ inpTE.

Table 2   Testing hypothesis on 
returns to scale: CRS versus VRS

The hypotheses of the test are: 
H0 ∶ Technology exhibits constant returns to scale.

H1 ∶ Technology exhibits variable returns to scale.

Year S-statistic Critical value p value

2007 0.8161 0.6885 0.38
2008 0.7945 0.6776 0.245
2009 0.7988 0.6876 0.215
2010 0.7669 0.7083 0.115
2011 0.7458 0.655 0.195
2012 0.7681 0.6208 0.285
2013 0.7494 0.7008 0.135
2014 0.8066 0.7225 0.205
2015 0.7994 0.6783 0.275
2016 0.8002 0.5647 0.305
2017 0.8009 0.7403 0.15
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	 (ii)	 IDO(w∕c, y) = C(y,w∕c).

Particularly, the relationships (i) and (ii) hold for (x, y) ∈ T  (equivalently, y ∈ P(x) ) as in 
our dataset with positive input–output variables. Under the assumption of constant returns 
to scale, the nonparametric input distance function is constructed as

Note that the optimal values of � and � in the definitions of the output distance function 
(8, 18) and the input distance function (20), respectively, as long as (x, y) ∈ T  . As a conse-
quence, we can establish:

where ��
j
= �j∕�, j = 1,… , J and � = 1∕� . Also, we can establish the following 

equivalence:

(20)
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where x�
n
= xn∕� and ��

j
= �j∕� . This indicates IDO(w∕c, y) = C(y,w∕c) for (x, y) ∈ T  . 

Färe and Primont (1995) showed the results (i) and (ii) for a general production theoretic 
framework on pages 24 and 83, respectively. The nonparametric results (i) and (ii) indicate 
that, under constant returns to scale, we have:

where c = wx . Therefore, in our case IAE is equivalent to stdAE . It should be noted that the 
equivalence between IAE and stdAE does not hold in general.

4.3 � Stability analysis based on full‑dimensional and non‑full‑dimensional faces

Under the constant returns to scale, the dual form of the production possibility set can be 
constructed by

(22)
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{
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||| for all (v, u) ∈ ℜ
N
+
×ℜ

M
+
, there is k ∈ �(T) with − vx + uy ≤ −vxk + uyk

}
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where �(T) =
{
k|| (xk, yk) is a vertex of T

}
 is an index set of extreme points (vertices) 

of T. For Eq. (23), see for example Briec and Leleu (2003), Briec and Kerstens (2003) and 
Olesen and Petersen (2015).

Now we consider faces and facets under constant returns to scale. A set F ⊆ T  is said to 
be a face if there exists some (v, u) ∈ ℜN

+
×ℜM

+
 satisfying Eq. (23) such that vx − wy = 0 

for all (x, y) ∈ F . Let Eff (T) =
{
(x, y) ∈ T

|||(x,−y) ≥
(
x�,−y�

)
and (x,−y) ≠

(
x�,−y�

)
⇒(

x�, y�
)
∉ T

}
 be a strongly efficient frontier of T. A face F ⊆ Eff (T) , which is an efficient 

face, is said to be a maximal efficient face (MEF) if there exists no efficient face G such 
that G ⊇ F and G ≠ F . Note that the collection of all MEFs is Eff (T) . Decomposing the 
efficient frontier into a finite number of MEFs, Fukuyama and Sekitani (2012) emphasized 
that the MEFs are often non-full dimensional. A facet is full-dimensional but a face is 
either full-dimensional or non-full-dimensional. The existence of non-full-dimensional 
faces2 in DEA was discussed by Olesen and Petersen (1996, 2003).

Consider the input–output data matrix D̂h consisting of some DMUs in the index set 
Ĵh =

{
k ∈ Fh

|| −v̂xk + ûyk = 0
}
 , where h is the h-th face. The matrix dimension of D̂h is 

(N +M) ×
|||Ĵh

||| where  |||Ĵh
||| represents the number of elements in the index set of Ĵh . Let 

rank(D̂h) denote the rank of D̂h . If rank(Dh) = N +M − 1 = ||Fh
|| , then the face Fh is full-

dimensional. In our case we employ a constant returns to scale so we refer to the members 
of a face as “forerunners3”. If a face is non-full-dimensional, then rates of substitution are 
not well-defined over the face, as mentioned above. In contrast, if a full-dimensional face 
or facet exists, rates of substitution are well defined over the facet. Therefore, we perceive a 
non-full dimensional face as being an unstable one.

An efficient DMU that is located on a non-full-dimensional face but not on a 
full-dimensional facet, may be thought of as being a lack of competition because a 

Table 3   Strongly efficient banks 
and MEFs (maximal efficient 
faces)

The acronym MEF stands for maximal efficient face and the collection 
of all maximal efficient faces is the production frontier

Year No. of strong 
efficient banks

No. of MEFs No. of non-full 
dimensional 
MEFs

2007 11 10 2
2008 11 12 3
2009 12 9 2
2010 10 7 1
2011 9 6 2
2012 9 6 2
2013 10 8 2
2014 9 7 2
2015 7 6 1
2016 8 5 3
2017 12 14 1

2  A non-full dimensional face is called ill-conditioned by Olesen and Petersen (1996).
3  Tone (2010) called them “friends” by confining himself to a full-dimensional facet case.
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non-full-dimensional efficient face is spanned only by less than N + M − 1 DMUs. This 
is so because a face based on constant returns to scale contains the origin of inputs and 
outputs.

Table 3 displays the numbers of strongly efficient banks, strongly efficient faces (i.e., 
MEFs) and non-full dimensional MEFs.4 The strongly efficient frontier constitutes both 
full dimensional and non-full dimensional MEFs. The number of strongly efficient banks 
varies from year to year, with a significant difference in number from seven in 2015 to 
twelve in 2017. The table also shows that there exists at least one non-full dimensional 
MEFs for all sample years (see Olesen and Petersen (1996) and Briec and Leleu (2003) on 
this point). The number of full dimensional MEFs ranges from two (= 5–3) in 2016 to thir-
teen (= 14–1) in 2017. Therefore, there appears to be an indication of instability of China’s 
financial technology (or this can be thought of as its dynamism).

The interpretation of instability can also be supported by the fact that no bank is effi-
cient for all sample years and some banks forming non-full dimensional MEFs do not con-
tribute to any full dimensional MEFs. Regarding the latter case, there are one to three such 
banks for each sample year. For example, banks #10, #50 and #70 in 2007 do not have 
any frontrunner friends except for the banks on the same non-full dimensional MEFs. See 

Table 4   Enumeration of maximal efficient faces (MEFs)

Each entry of {…} shows a bank’s ID, which forms a maximal efficient face. For example, the numbers of 
{25, 27, 36, 52} for year 2007 indicate that the banks numbered 25, 27, 36 and 52 form the maximal effi-
cient face of {25, 27, 36, 52}

Year Banks forming a MEF

2007 {25, 27, 36, 52}; {25, 27, 40, 52}; {25, 27, 29, 40}; {27, 36, 51, 52};{9, 36, 51, 52}; {25, 34, 40, 
52}; {27, 40, 51, 52}; {34, 40, 51, 52}; {34, 51, 70,}; {10, 29, 50,}

2008 {27, 36, 52, 64};{27, 36, 51,52}; {27,29,52,64}; {34, 40, 52, 64}; {29, 40, 52, 64}; {34, 40, 51, 
52}; {27, 40, 51, 52}; {27, 29, 40, 52}; {9, 36, 51, 52}; {34, 40, 70,}; {34, 51, 70,}; {29, 40, 
50,}

2009 {34, 40, 52, 70};{27, 29, 40, 64}; {27, 34, 51, 65}; {40, 52, 64, 70}; {27, 40, 52, 64}; {27, 34, 40, 
52}; {27, 34, 52, 65}; {29, 40, 50,}; {27, 36, 65,}

2010 {9, 27, 52, 65}; {27, 34, 52, 65}; {9, 34, 52, 65};27, 34, 51, 65}; {27, 34, 40, 64}; {27, 29, 40,}
2011 {27, 34, 52, 64}; {9, 27, 36, 52}; {27, 34, 40, 64}; {9, 27, 34, 52}; {27, 29, 40,}; {29, 40, 50,}
2012 {20, 34, 40, 52}; {34, 40, 52, 64}; {9, 20, 34, 52}; {9, 20, 52, 65}; {20, 36, 52,}; {40, 71,}
2013 {20, 40, 52, 64}; {34, 40, 52, 64}; {20, 34, 52, 65}; {9, 20, 34, 65}; {20, 34, 40, 52}; {9, 20, 34, 

72}; {20, 40, 58,}; {40, 58, 71,}
2014 {27, 34, 40, 50}; {27, 34, 50, 52}; {27, 50, 52, 64}; {34, 40, 52, 64}; {9, 27, 52, 65}; {9, 34, 52,}; 

{27, 29, 50,}
2015 {8, 13, 27, 52}; {8, 17, 27, 52}; {13, 17, 27, 52}; {8, 13, 17, 52}; {8, 13, 27, 50}; {8, 50, 70,}
2016 {8, 13, 27, 50}; {8, 13, 17, 27}; {27, 35, 50,}; {35, 50, 64,}; {8, 49, 50,}
2017 {8, 12, 13, 17); {27, 35, 50, 64}; {3, 27, 35, 50}; {8, 11, 12, 27}; {8, 11, 12, 17}; {8, 44, 50, 64}; 

{27, 44, 50, 64}; {11, 12, 13, 27}; {8, 27, 44, 50}; {8, 12, 13, 27}; {8, 11, 27, 44}; {8, 13, 27, 
50}; {11, 12, 13, 17}; {8, 49, 50,}

4  Olesen and Petersen (1996) suggested using Qhull for estimating strongly efficient faces.



399Annals of Operations Research (2021) 306:383–413	

1 3

Table 5   descriptive statistics of corporate social responsibility indicators and controlled variables

In the second-phased regression analysis, we investigate the impact of corporate social responsibility 
indicators including donations, Balance of green credit and loans to Small and Medium-sized enterprises 
(SMEs). In addition, we control for a number of bank specific variables including bank size, measured by 
the natural logarithm of total assets, bank liquidity, measured by the ratio of liquid assets to total assets, 
bank capital measured by the ratio of equity capital to total assets, and bank risk measured by the ratio of 
loan loss provision to total loans. Donations, balance of green credit and loans to SMEs are in RMB 10,000, 
all the other indicators are in ratios

Variables Observations Means Standard deviation Minimum Maximum

Donations 792 1,327,559 1,911,555 10,091 9,932,249
Balance of green credit 792 3,221,967 4,732,667 12,694 4.19e+07
Ratio of green credit in total loans 792 0.08 1.88 0.01 0.29
Loans to SMEs 792 1.51e+07 2.40e+07 118,417 1.52e+08
Ratio of loans to SMEs in total 

loans
792 0.11 1.68 0.01 0.25

Bank size 792 17.61 2.048964 11.42 22.11
Bank liquidity 792 0.857 2.01 0.01 21.84
Bank capital 792 0.146 0.173 0.019 1.17
Bank risk 792 0.156 1.08 0.0001 12.53

Fig. 2   Indirect efficiency, technical efficiency and indirectly allocative efficiency in the Chinese banking 
industry. Note: the blue line represents the level of indirect technical efficiency, the grey line stands for the 
level of indirect allocative efficiency and the orange line is the level of technical efficiency. The relationship 
between these three can be expressed as indirect technical efficiency = technical efficiency* indirect alloca-
tive efficiency
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Table 4 that enumerates all MEFs consisting of full and non-full dimensional ones for each 
year.5

4.4 � Variables for the second stage regression analysis

In the second stage regression analysis, we investigate the impact of CSR on bank effi-
ciency by using three specific corporate social responsibility indicators, namely donations, 
balance of green credits and loans to SMEs. We use these three specific indicators rather 
than the general index or ethical parameters used by previous empirical studies. This argu-
ably significantly contributes to the empirical literature. In order to check the robustness 
of the results, the current paper tests four different models. The first model only considers 
the impact of donation on bank efficiency, while model 2 investigates purely the impact 
of balance of green credits on bank efficiency. The third model examines the influence of 
loans to SMEs on bank efficiency, and model 4 evaluates the joint impacts of these three 
indicators on bank efficiency. We use four controlled variables in all these four different 

Table 6   observed and targeted 
amounts of Labour in the 
Chinese banking industry

The observed amount is the number of actual employees for the sam-
ple and it is calculated by taking an average of all the banks in a spe-
cific year. Because we consider that the potential increase in the num-
ber of employees would be another aspect of banks’ corporate social 
responsibility from the perspective of reducing the unemployment 
of the economy. Therefore, we estimate the level of “target amount” 
of employees to see whether banks could contribute to society from 
this perspective. If the target amount is more than the actual observed 
amount, that indicates banks should increase the number of employ-
ees, through which not only efficiency can be improved, but also banks 
could make contributions to society from this corporate social respon-
sibility. Percentage change (last column) is calculated by using the 
target amount minus the observed amount and then use the proceed 
to divide by the observed amount. A larger percentage indicates that 
there is a larger potential in increasing the employment

Observed amount Target amount Percentage change

2007 32,250 944,400 28.28372093
2008 32,876 712,874 20.68372065
2009 33,543 813,357 23.24818889
2010 34,395 699,062 19.32452391
2011 34,680 712,874 19.55576701
2012 36,848 867,417 22.54040925
2013 38,818 1,178,195 29.3517698
2014 39,529 1,174,097 28.70216803
2015 40,015 814,825 19.36298888
2016 39,936 780,828 18.55198317
2017 41,743 663,962 14.9059483

5  Table 4 give all MEFs. For example, the first MEF in 2007 is represented by F
1

 that comprises banks 25, 
27, 36 and 52 and the tenth MEF in the same year is F

10

 consisting of banks 10, 29 and 50. Note that F
1

 and 
F
10

 are full and non-full dimensional MEFs, respectively.
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models, including bank size, measured by the natural logarithm of total assets (Tan & Flo-
ros, 2013); bank liquidity, measured by the ratio of liquid assets to total assets (Hassan & 
Marton, 2003); bank capitalization, measured by the ratio of equity capital to total assets 
(Kwan & Eisenbeis, 1997); and bank risk, measured by the ratio of loan loss provision to 
total loans (Chortareas et al., 2011). Table 5 shows the statistics of these three CSR indica-
tors and the controlled variables. The table shows that among these three different CSR 
indicators, Chinese commercial banks have a bigger difference in the volumes of loans 
granted to SMEs, while the difference in the volumes of donations is smaller than the one 
for balance of green credits. Regarding the controlled variables, it is suggested that the dif-
ference in the capital level is the smallest. This is mainly attributed to the capital regulation 
in the Chinese banking industry, while, although there is a bigger difference in the level of 
credit risk undertaken by the Chinese commercial banks, it is still smaller than the level of 
liquidity and bank size.

5 � Results

It is suggested from Fig. 2 that overall; the indirect allocative efficiency is lower than tech-
nical efficiency over the examined period. It indicates that Chinese banks have relatively 
higher ability to minimize the cost in order to maximize the output production than the 
ability to manage a variety of inputs to produce a mix of outputs, while higher techni-
cal efficiency than allocative efficiency suggests that the former contributes more than the 
latter to the overall efficiency in the Chinese banking industry. In other words, the main 
source of inefficiency in the Chinese banking industry is derived from the allocative inef-
ficiency. Therefore, Chinese commercial banks should focus more on improving the ability 
to manage input investment in the production process.

In terms of one input, the number of employees, we notice from Table 6, kept increas-
ing in the Chinese banking industry over the examined period (except there is a slight 
decrease in 2016 compared to the previous year). We analyse whether there is a possibil-
ity to increase the number of employees, as reflected by the “target amount” in the table.6 
The target amount estimated is the number of employees that can be recruited for each of 
the years that will have a favourable effect on bank efficiency in China. If, comparing to 
the observed amount, the target amount is bigger, this represents that the Chinese bank-
ing industry could employ more people, through which banking sector efficiency can be 
improved and corporate social behaviour can be engaged in by the Chinese commercial 
banks to reduce the unemployment level for the economy.7 We can see from the table that 
over the examined period, there is a possibility for the Chinese banking industry to increase 
the number of employees with the largest supposed increase in 2013, which is nearly 30%. 
The percentage change is calculated as the difference between the target amount and the 

6  The target amount is obtained from the optimal solution x∗
1

   in Eq. (14).
7  We collect the data from the world bank database for the number of labour force and unemployment rate 
over the period 2007–2017 from which we calculate the volume of unemployment. From table 6, we calcu-
late the additional employment that can be accommodated in the banking industry over the same period and 
finally, we calculate the new unemployment rate, considering that additional employment can be accom-
modated in the banking industry. The results show that over the period, the banking sector at least can 
contribute to reduce the unemployment rate by 0.8% in 2017, while in 2013, they can contribute the most 
by reducing the unemployment rate by 1.46%. For all the other years, the percentage of reduction in the 
unemployment rate is between 0.8% and 1.46%.



402	 Annals of Operations Research (2021) 306:383–413

1 3

Ta
bl

e 
7  

B
oo

tst
ra

pp
ed

 tr
un

ca
te

d 
re

gr
es

si
on

 o
n 

th
e 

de
te

rm
in

an
ts

 o
f e

ffi
ci

en
cy

 in
 th

e 
C

hi
ne

se
 b

an
ki

ng
 in

du
str

y

In
de

pe
nd

en
t 

va
ria

bl
es

In
di

re
ct

 te
ch

ni
ca

l e
ffi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 v

ar
ia

bl
e

Te
ch

ni
ca

l e
ffi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 v

ar
ia

bl
e

In
di

re
ct

 a
llo

ca
tiv

e 
effi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 v

ar
ia

bl
e

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

D
on

at
io

ns
1.

05
e−

11
(0

.0
0)

−
 1.

59
e−

09
(−

 0.
61

)
−

 2.
40

e−
08

**
(−

 2.
18

)
−

 3.
21

e−
08

**
*

(−
 3.

41
)

2.
70

e−
08

**
*

(6
.1

8)
2.

75
e−

08
**

*
(5

.4
9)

B
al

an
ce

 
of

 g
re

en
 

cr
ed

it

−
 4.

93
e−

09
**

*
(−

 3.
59

)
−

 4.
91

e−
09

**
*

(−
 4.

10
)

−
 1.

92
e−

08
**

*
(−

 3.
38

)
−

 1.
90

e−
08

**
*

(−
 4.

34
)

−
 5.

58
e−

10
(−

 0.
24

)
1.

17
e−

09
(0

.5
0)

C
re

di
t t

o 
SM

Es
2.

74
e−

10
(1

.3
9)

1.
35

e−
10

(0
.6

5)
3.

18
e−

09
**

*
(2

.8
0)

2.
67

e−
09

**
(2

.0
8)

−
 2.

12
e−

10
(−

 0.
54

)
−

 2.
66

e−
10

(−
 0.

59
)

B
an

k 
si

ze
0.

01
4*

*
(2

.0
2)

0.
03

**
(2

.5
0)

0.
01

(1
.0

1)
0.

03
**

(2
.4

5)
0.

16
**

*
(3

.7
9)

0.
21

**
*

(4
.7

1)
0.

09
**

(2
.3

7)
0.

19
**

*
(4

.3
7)

−
 0.

05
**

*
(−

 4.
49

)
−

 0.
03

*
(−

 1.
75

)
−

 0.
03

**
(−

 2.
14

)
−

 0.
06

**
(−

 2.
21

)
B

an
k 

liq
ui

d -
ity

0.
00

3
(0

.4
8)

0.
00

5
(1

.0
9)

0.
00

3
(0

.4
7)

0.
00

5
(0

.7
8)

−
 0.

00
7

(−
 0.

36
)

0.
00

1
(0

.0
5)

−
 0.

01
(−

 0.
68

)
−

 0.
00

2
(−

 0.
15

)
0.

00
3

(0
.5

7)
0.

00
4

(0
.5

4)
0.

00
4

(0
.4

8)
0.

00
3

(0
.4

1)
B

an
k 

ca
pi

-
ta

liz
at

io
n

0.
23

**
*

(3
.3

2)
0.

26
**

*
(2

.9
4)

0.
22

**
*

(3
.4

3)
0.

27
**

*
(3

.1
6)

−
 0.

97
**

*
(−

 2.
77

)
−

 0.
79

**
(−

 2.
13

)
−

 1.
03

**
*

(−
 2.

63
)

−
 0.

72
**

(−
 2.

26
)

0.
79

**
*

(6
.9

3)
0.

87
**

*
(6

.6
6)

0.
86

**
*

(7
.3

0)
0.

79
**

*
(7

.2
5)

B
an

k 
ris

k
−

 0.
00

8
(−

 1.
60

)
−

 0.
01

**
(−

 2.
10

)
−

 0.
00

8
(−

 1.
38

)
−

 0.
01

**
(−

 2.
28

)
−

 0.
04

(−
 0.

81
)

−
 0.

04
(−

 1.
32

)
−

 0.
03

(−
 1.

00
)

−
 0.

04
(−

 1.
28

)
0.

03
**

*
(4

.5
3)

0.
03

**
*

(3
.4

5)
0.

03
**

*
(4

.2
0)

0.
03

**
*

(4
.4

5)
C

on
st

an
t

0.
03

(0
.4

6)
−

 0.
1

(−
 0.

98
)

0.
06

(0
.6

7)
−

 0.
1

(−
 0.

93
)

−
 0.

67
**

(−
 2.

02
)

−
 1.

1*
**

(−
 3.

11
)

−
 0.

2
(−

 0.
66

)
−

 0.
95

**
*

(−
 2.

69
)

0.
57

**
*

(5
.7

5)
0.

41
**

*
(2

.9
6)

0.
4*

**
(3

.6
3)

0.
57

**
*

(3
.0

0)
N

um
be

r o
f 

ob
se

rv
a -

tio
ns

76
6

76
6

76
6

76
6

68
4

68
4

68
4

68
4

76
6

76
6

76
6

76
6

W
al

d 
C

hi
2(

3)
12

.9
6

16
.4

6
17

.7
3

18
.8

6
31

.3
0

43
.6

1
43

.7
7

71
.0

7
15

9.
77

10
3.

30
15

1.
97

19
8.

17

Pr
ob

ab
il -

ity
 >

 C
hi

2
0.

02
0.

00
6

0.
00

3
0.

00
1

0.
00

00
0.

00
00

0.
00

00
0.

00
00

0.
00

00
0.

00
00

0.
00

00
0.

00
00

Lo
g 

Li
ke

li-
ho

od
31

9.
39

32
5.

44
31

9.
91

32
5.

68
75

.5
6

80
.7

0
78

.4
6

88
.1

8
28

4.
73

27
2.

05
27

2.
12

28
5.

02



403Annals of Operations Research (2021) 306:383–413	

1 3

*  , 
**

, *
**

Si
gn

if
ic

an
ce

 a
t 

10
%

, 5
%

 a
nd

 1
%

, r
es

pe
ct

iv
el

y.
 t

 s
ta

ti
st

ic
s 

ar
e 

pr
es

en
te

d 
in

 p
ar

en
th

es
is

. M
od

el
 1

 i
nv

es
ti

ga
te

s 
th

e 
im

pa
ct

 o
f 

do
na

ti
on

s,
 m

od
el

s 
2 

in
ve

st
ig

at
es

 t
he

 i
m

pa
ct

 o
f 

ba
la

nc
e 

of
 g

re
en

 c
re

di
t, 

m
od

el
 3

 i
nv

es
ti

ga
te

s 
th

e 
im

pa
ct

 o
f 

cr
ed

it
 t

o 
SM

E
s,

 m
od

el
 4

 i
nv

es
ti

ga
te

s 
al

l 
th

es
e 

th
re

e 
fa

ct
or

s,
 w

hi
le

 
al

l 
th

e 
m

od
el

s 
co

nt
ro

l 
fo

r 
ba

nk
 s

iz
e 

(n
at

ur
al

 l
og

ar
it

hm
 o

f 
to

ta
l 

as
se

ts
);

 b
an

k 
li

qu
id

it
y 

(t
he

 r
at

io
 o

f 
li

qu
id

 a
ss

et
s 

to
 t

ot
al

 a
ss

et
s)

, 
ba

nk
 c

ap
it

al
iz

at
io

n 
(t

he
 

ra
ti

o 
of

 e
qu

it
y 

ca
pi

ta
l 

to
 t

ot
al

 a
ss

et
s)

 a
nd

 b
an

k 
ri

sk
 (

th
e 

ra
ti

o 
of

 l
oa

n 
lo

ss
 p

ro
vi

si
on

 t
o 

to
ta

l 
lo

an
s)

. 
T

he
re

 a
re

 t
hr

ee
 s

et
s 

of
 e

st
im

at
io

n,
 e

ac
h 

of
 t

he
se

 
in

cl
ud

es
 f

ou
r 

m
od

el
s 

un
de

r 
di

ff
er

en
t 

ef
fi

ci
en

cy
 i

nd
ic

at
or

s.
 T

he
 f

ir
st

 s
et

 u
se

s 
in

di
re

ct
 t

ec
hn

ic
al

 e
ff

ic
ie

nc
y,

 t
he

 s
ec

on
d 

se
t 

us
es

 t
ec

hn
ic

al
 e

ff
ic

ie
nc

y 
an

d 
th

e 
la

st
 s

et
 u

se
s 

in
di

re
ct

 a
ll

oc
at

iv
e 

ef
fi

ci
en

cy
. W

e 
no

ti
ce

 t
ha

t 
w

he
n 

te
ch

ni
ca

l 
ef

fi
ci

en
cy

 i
s 

us
ed

 a
s 

th
e 

de
pe

nd
en

t 
va

ri
ab

le
, t

he
 n

um
be

r 
of

 o
bs

er
va

ti
on

s 
is

 
sm

al
le

r 
th

an
 t

he
 o

ne
s 

w
he

n 
in

di
re

ct
 t

ec
hn

ic
al

 e
ff

ic
ie

nc
y 

an
d 

in
di

re
ct

 a
ll

oc
at

iv
e 

ef
fi

ci
en

cy
 a

re
 u

se
d 

as
 t

he
 d

ep
en

de
nt

 v
ar

ia
bl

e.
 T

hi
s 

is
 d

ue
 t

o 
th

e 
fa

ct
 t

ha
t 

tr
un

ca
te

d 
re

gr
es

si
on

 w
il

l 
ex

cl
ud

e 
th

e 
nu

m
be

r 
of

 o
bs

er
va

ti
on

s 
fo

r 
th

e 
on

e 
w

hi
ch

 a
re

 s
m

al
le

r 
th

an
 t

he
 l

ow
er

 l
im

it
 o

f 
th

e 
tr

un
ca

te
d 

re
gr

es
si

on
. 

W
al

d 
C

hi
 

(2
) 

is
 u

se
d 

to
 t

es
t 

th
e 

hy
po

th
es

is
 t

ha
t 

at
 l

ea
st

 o
ne

 o
f 

th
e 

pr
ed

ic
to

rs
’ 

re
gr

es
si

on
 c

oe
ff

ic
ie

nt
s 

is
 n

ot
 e

qu
al

 t
o 

ze
ro

. T
he

 n
um

be
r 

in
 t

he
 p

ar
en

th
es

es
 i

nd
ic

at
es

 
th

e 
de

gr
ee

s 
of

 f
re

ed
om

 o
f 

th
e 

C
hi

-S
qu

ar
e 

di
st

ri
bu

ti
on

 u
se

d 
to

 t
es

t 
th

e 
W

al
d 

C
hi

-S
qu

ar
e 

st
at

is
ti

c.
 P

ro
ba

bi
li

ty
 >

 C
hi

2 
is

 t
he

 p
ro

ba
bi

li
ty

 o
f 

ge
tt

in
g 

a 
W

al
d 

te
st

 s
ta

ti
st

ic
 a

s 
ex

tr
em

e 
as

, o
r 

m
or

e 
so

, t
ha

n 
th

e 
ob

se
rv

ed
 s

ta
ti

st
ic

 u
nd

er
 t

he
 n

ul
l 

hy
po

th
es

is
; 

th
e 

nu
ll

 h
yp

ot
he

si
s 

is
 t

ha
t 

al
l 

of
 t

he
 r

eg
re

ss
io

n 
co

ef
fi

ci
en

ts
 

ac
ro

ss
 b

ot
h 

m
od

el
s 

ar
e 

si
m

ul
ta

ne
ou

sl
y 

eq
ua

l 
to

 z
er

o.
 I

f 
th

e 
pr

ob
ab

il
it

y 
is

 l
es

s 
th

an
 0

.0
5,

 w
e 

re
je

ct
 t

he
 n

ul
l 

hy
po

th
es

is
 a

nd
 a

cc
ep

t 
th

e 
al

te
rn

at
iv

e 
hy

po
th

-
es

is
 t

ha
t 

at
 l

ea
st

 o
ne

 o
f 

th
e 

re
gr

es
si

on
 c

oe
ff

ic
ie

nt
s 

in
 t

he
 m

od
el

 i
s 

no
t 

eq
ua

l 
to

 z
er

o.
 L

og
 l

ik
el

ih
oo

d 
is

 t
he

 l
og

 l
ik

el
ih

oo
d 

of
 t

he
 f

it
te

d 
m

od
el

. 
A

 h
ig

he
r 

va
lu

e 
re

pr
es

en
ts

 a
 b

et
te

r 
fi

tt
in

g 
m

od
el

Ta
bl

e 
7  

co
nt

in
ue

d



404	 Annals of Operations Research (2021) 306:383–413

1 3

Ta
bl

e 
8  

O
rd

in
ar

y 
le

as
t s

qu
ar

e 
re

gr
es

si
on

 o
n 

th
e 

de
te

rm
in

an
ts

 o
f e

ffi
ci

en
cy

 in
 th

e 
C

hi
ne

se
 b

an
ki

ng
 in

du
str

y

*  , *
* 

an
d 

**
*S

ig
ni

fic
an

ce
 a

t 1
0%

, 5
%

 a
nd

 1
%

 le
ve

ls
, r

es
pe

ct
iv

el
y.

 t 
st

at
ist

ic
s 

ar
e 

pr
es

en
te

d 
in

 p
ar

en
th

es
is

. M
od

el
 1

 in
ve

sti
ga

te
s 

th
e 

im
pa

ct
 o

f d
on

at
io

ns
, m

od
el

s 
2 

in
ve

sti
ga

te
s 

th
e 

im
pa

ct
 o

f b
al

an
ce

 o
f g

re
en

 c
re

di
t, 

m
od

el
 3

 in
ve

sti
ga

te
s t

he
 im

pa
ct

 o
f c

re
di

t t
o 

SM
Es

, m
od

el
 4

 in
ve

sti
ga

te
s a

ll 
th

es
e 

th
re

e 
fa

ct
or

s, 
w

hi
le

 a
ll 

th
e 

m
od

el
s c

on
tro

l f
or

 b
an

k 
si

ze
 

(n
at

ur
al

 lo
ga

rit
hm

 o
f t

ot
al

 a
ss

et
s)

; b
an

k 
liq

ui
di

ty
 (t

he
 ra

tio
 o

f l
iq

ui
d 

as
se

ts
 to

 to
ta

l a
ss

et
s)

, b
an

k 
ca

pi
ta

liz
at

io
n 

(th
e 

ra
tio

 o
f e

qu
ity

 c
ap

ita
l t

o 
to

ta
l a

ss
et

s)
 a

nd
 b

an
k 

ris
k 

(th
e 

ra
tio

 
of

 lo
an

 lo
ss

 p
ro

vi
si

on
 to

 to
ta

l l
oa

ns
). 

Th
er

e 
ar

e 
th

re
e 

se
ts

 o
f e

sti
m

at
io

n,
 e

ac
h 

of
 th

es
e 

in
cl

ud
es

 fo
ur

 m
od

el
s u

nd
er

 d
iff

er
en

t e
ffi

ci
en

cy
 in

di
ca

to
rs

. T
he

 fi
rs

t s
et

 u
se

s i
nd

ire
ct

 te
ch

-
ni

ca
l e

ffi
ci

en
cy

, t
he

 s
ec

on
d 

se
t u

se
s 

te
ch

ni
ca

l e
ffi

ci
en

cy
 a

nd
 th

e 
la

st 
se

t u
se

s 
in

di
re

ct
 a

llo
ca

tiv
e 

effi
ci

en
cy

. R
-S

qu
ar

ed
 is

 th
e 

pr
op

or
tio

n 
of

 v
ar

ia
nc

e 
in

 th
e 

de
pe

nd
en

t v
ar

ia
bl

e 
w

hi
ch

 c
an

 b
e 

pr
ed

ic
te

d 
fro

m
 th

e 
in

de
pe

nd
en

t v
ar

ia
bl

es
. T

he
 F

-te
st 

of
 o

ve
ra

ll 
si

gn
ifi

ca
nc

e 
in

di
ca

te
s 

w
he

th
er

 th
e 

lin
ea

r r
eg

re
ss

io
n 

m
od

el
 p

ro
vi

de
s 

a 
be

tte
r fi

t t
o 

th
e 

da
ta

 th
an

 a
 

m
od

el
 th

at
 c

on
ta

in
s n

o 
in

de
pe

nd
en

t v
ar

ia
bl

es
. S

ig
ni

fic
an

ce
 F

 st
at

ist
ic

s m
ea

ns
 th

at
 th

e 
in

de
pe

nd
en

t v
ar

ia
bl

es
 in

 th
e 

m
od

el
 im

pr
ov

e 
th

e 
fit

In
de

pe
nd

en
t v

ar
ia

bl
es

In
di

re
ct

 te
ch

ni
ca

l e
ffi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 

va
ria

bl
e

Te
ch

ni
ca

l e
ffi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 v

ar
ia

bl
e

In
di

re
ct

 a
llo

ca
tiv

e 
effi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 

va
ria

bl
e

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

D
on

at
io

ns
10

.0
3

(0
.0

1)
−

 0.
59

(−
 0.

17
)

−
 0.

24
**

(−
 2.

23
)

−
 0.

21
**

*
(−

 3.
55

)
0.

28
**

*
(6

.1
8)

0.
28

**
*

(6
.9

4)
B

al
an

ce
 o

f g
re

en
 c

re
di

t
−

 0.
09

**
*

(−
 3.

59
)

−
 0.

91
**

*
(−

 5.
88

)
−

 0.
12

**
*

(−
 3.

83
)

−
 0.

19
**

*
(−

 4.
84

)
−

 0.
56

(−
 0.

41
)

0.
12

(0
.0

5)
C

re
di

t t
o 

SM
Es

0.
01

(0
.0

9)
0.

14
(0

.5
9)

0.
32

**
*

(3
.8

0)
0.

27
**

(2
.6

6)
−

 0.
21

(−
 0.

48
)

−
 0.

27
(−

 0.
56

)
B

an
k 

si
ze

0.
02

**
(2

.2
8)

0.
03

**
(2

.5
2)

0.
03

(0
.9

5)
0.

07
**

(2
.5

8)
0.

18
**

*
(3

.9
3)

0.
28

**
*

(4
.8

8)
0.

04
**

(2
.4

3)
0.

16
**

*
(5

.3
8)

−
 0.

01
**

*
(−

 5.
49

)
−

 0.
03

*
(−

 1.
49

)
−

 0.
03

**
(−

 2.
29

)
−

 0.
06

**
(−

 2.
26

)
B

an
k 

liq
ui

di
ty

0.
00

5
(0

.3
5)

0.
00

3
(1

.0
1)

0.
00

5
(0

.4
1)

0.
00

6
(0

.6
8)

−
 0.

00
9

(−
 0.

32
)

0.
00

5
(0

.0
2)

−
 0.

05
(−

 0.
55

)
−

 0.
00

9
(−

 0.
09

)
0.

00
2

(0
.2

3)
0.

00
3

(0
.4

8)
0.

00
3

(0
.5

3)
0.

00
5

(0
.5

2)
B

an
k 

ca
pi

ta
liz

at
io

n
0.

31
**

*
(3

.5
5)

0.
29

**
*

(3
.4

8)
0.

28
**

*
(3

.8
3)

0.
27

**
*

(5
.5

3)
−

 0.
77

**
*

(−
 3.

27
)

−
 0.

65
**

(−
 2.

29
)

−
 1.

2*
**

(−
 2.

82
)

−
 0.

69
**

(−
 2.

38
)

0.
77

**
*

(7
.3

1)
0.

87
**

*
(6

.9
8)

0.
86

**
*

(8
.8

6)
0.

79
**

*
(6

.9
9)

B
an

k 
ris

k
−

 0.
00

7
(−

 0.
9)

−
 0.

02
**

(−
 2.

18
)

−
 0.

00
5

(−
 1.

19
)

−
 0.

01
**

*
(−

 7.
93

)
−

 0.
03

(−
 0.

12
)

−
 0.

03
(−

 1.
03

)
−

 0.
05

(−
 0.

;9
9)

−
 0.

03
(−

 1.
02

)
0.

05
**

*
(5

.3
5)

0.
06

**
*

(3
.8

8)
0.

07
**

*
(4

.5
9)

0.
08

**
*

(5
.6

1)
C

on
st

an
t

0.
07

(0
.6

8)
−

 0.
1

(−
 0.

77
)

0.
11

(0
.7

6)
−

 0.
1

(−
 0.

17
)

−
 0.

88
**

(−
 5.

29
)

−
 1.

09
**

*
(−

 3.
28

)
−

 0.
24

(−
 0.

59
)

−
 0.

99
**

*
(−

 5.
86

)
0.

59
**

*
(4

.9
8)

0.
43

**
*

(3
.6

9)
0.

4*
**

(5
.5

4)
0.

57
**

*
(5

.9
1)

N
um

be
r o

f o
bs

er
va

tio
ns

76
6

76
6

76
6

76
6

76
6

76
6

76
6

76
6

76
6

76
6

76
6

76
6

F 
st

at
ist

ic
s

12
.9

6*
**

11
.1

8*
**

17
.4

8*
**

16
.8

6*
**

17
.2

4*
**

16
.6

8*
**

18
.8

5*
**

13
.8

3*
**

14
.4

6*
**

15
.5

1*
**

13
.9

3*
**

14
.1

4*
**

R
 sq

ua
re

0.
39

0.
52

0.
44

0.
48

0.
39

0.
51

0.
58

0.
63

0.
61

0.
59

0.
55

0.
68



405Annals of Operations Research (2021) 306:383–413	

1 3

observed amount, then use the proceed to divide by the observed amount. The larger the 
results, the bigger the scale of increase in the number of employees can be engaged in by 
the Chinese commercial banks. This result indicates that it is possible for Chinese banks to 
engage in this corporate social behaviour to alleviate the unemployment problem for soci-
ety through employing more people.

In the second stage, we analyze the determinants of efficiency in the Chinese banking 
industry with a special focus on the impacts of donations, balance of green credits and 
loans to SMEs on bank efficiency, the results of which are reported in Table 7. With regard 
to the econometric technique used to examine the impact of CSR on bank efficiency, we 
use Simar and Wilson (2007) Bootstrapped truncated regression analysis. The results show 
that balance of green credits is significantly and negatively related to indirect technical effi-
ciency, indicating that higher volumes of green credits made by Chinese commercial banks 
decrease their efficiency level. It is shown that loans to SMEs and donations are not signifi-
cantly related to bank efficiency, as reflected in model 3 and model 4. When investigating 
the impacts of CSR on technical efficiency and indirect allocative efficiency, the findings 
suggest that balance of green credits is significantly and positively related to the level of 
technical efficiency, indicating the Chinese commercial banks granting more credits to the 
green activities have higher levels of efficiency. In addition, the findings show that loans 
to SMEs have a significant and positive impact on technical efficiency, indicating that the 
technical efficiency of Chinese banks can be improved by providing more loans to SMEs. 
This can be explained by the fact that larger volumes of loans to SMEs can not only save 
banks’ costs derived from economies of scale, but also the banks will benefit from the 
cost savings from economies of scope. Finally, it is reported that higher levels of dona-
tions reduce the level of technical efficiency but increase the level of indirect allocative 
efficiency.

6 � Additional robustness check

We have conducted the robustness check by two ways. First, The Simar and Wilson boot-
strapped truncated regression adopted in the current study has the advantage of being able 
to produce valid estimates for the parameters in the regression model (Tan, 2016). How-
ever, the second-stage regression analysis can generate robust results using the Ordinary 
Least square estimator (OLS) when the Data envelopment analysis is used in the first stage 
to estimate the efficiency level (Estelle et al. 2010; Mcdonald, 2009). Therefore, in order 
to check the robustness of the results, we engage in additional econometric test in the sec-
ond stage under the Ordinary least square estimator, the results of which are reported in 
Table 8. Finally, due to the consideration that there would be potential endogeneity prob-
lems in the analysis, i.e. there may be a two-way causality or an omitted variable that deter-
mines the relationship between the CSR and the efficiency, we use two-stage least square 
instrumental variable technique to check the accuracy and robustness of our results. We 
follow Adeabah and Andoh (2020) to include tangibility measured by the natural logarithm 
of fixed assets as the instrument. The validity of the instrument is tested through the Wool-
dridge’s over-identifying test. We also conduct two different tests for the potential endoge-
neity of the variables: (1) Wooldridge’s robust score test; (2) robust regression exogene-
ity test. The null hypothesis is the variables are exogenous for both of the two tests. The 
results of the two-stage least square instrumental variable regression technique are reported 
in Table 9. As we can see from the results of these two tables, compared to the original 



406	 Annals of Operations Research (2021) 306:383–413

1 3

Ta
bl

e 
9  

T
w

o-
st

ag
e 

le
as

t s
qu

ar
e 

in
str

um
en

ta
l v

ar
ia

bl
e 

re
gr

es
si

on
 te

ch
ni

qu
e 

on
 th

e 
de

te
rm

in
an

ts
 o

f e
ffi

ci
en

cy
 in

 th
e 

C
hi

ne
se

 b
an

ki
ng

 in
du

str
y

In
de

pe
nd

en
t v

ar
ia

bl
es

In
di

re
ct

 te
ch

ni
ca

l e
ffi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 

va
ria

bl
e

Te
ch

ni
ca

l e
ffi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 v

ar
ia

bl
e

In
di

re
ct

 a
llo

ca
tiv

e 
effi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 

va
ria

bl
e

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

D
on

at
io

ns
0.

01
(0

.0
1)

−
 0.

16
(−

 0.
05

)
−

 0.
08

**
(−

 2.
23

)
−

 0.
32

**
*

(−
 4.

41
)

0.
22

)*
**

(5
.9

9)
0.

57
**

*
(5

.5
1)

B
al

an
ce

 o
f g

re
en

 c
re

di
t

−
 0.

49
**

*
(−

 3.
95

)
−

 0.
5*

**
(−

 5.
85

)
−

 0.
08

**
*

(−
 4.

83
)

−
 0.

08
**

*
(−

 4.
49

)
−

 0.
85

(−
 0.

42
)

0.
71

(0
.5

1)
C

re
di

t t
o 

SM
Es

0.
27

(0
.9

9)
0.

14
(0

.5
8)

0.
09

**
*

(3
.8

8)
0.

27
**

(2
.2

1)
−

 0.
21

(−
 0.

49
)

−
 0.

62
(−

 0.
61

)
B

an
k 

si
ze

0.
02

**
(2

.1
2)

0.
05

**
(2

.5
2)

0.
01

(0
.9

1)
0.

06
**

(2
.6

1)
0.

19
**

*
(4

.4
4)

0.
29

**
*

(5
.1

9)
0.

11
**

(2
.4

1)
0.

22
**

*
(5

.3
7)

−
 0.

09
**

*
(−

 5.
49

)
−

 0.
01

*
(−

 1.
81

)
−

 0.
02

**
(−

 2.
19

)
−

 0.
08

**
(−

 2.
32

)
B

an
k 

liq
ui

di
ty

0.
00

5
(0

.5
1)

0.
00

6
(1

.0
1)

0.
00

5
(0

.5
5)

0.
03

(0
.7

3)
−

 0.
03

(−
 0.

66
)

0.
00

5
(0

.0
3)

−
 0.

06
(−

 0.
72

)
−

 0.
01

(−
 0.

11
)

0.
00

1
(0

.5
1)

0.
00

3
(0

.3
9)

0.
00

2
(0

.4
6)

0.
00

1
(0

.3
1)

B
an

k 
ca

pi
ta

liz
at

io
n

0.
29

**
*

(4
.3

8)
0.

27
**

*
(3

.4
4)

0.
22

**
*

(4
.4

8)
0.

29
**

*
(4

.6
2)

−
 0.

78
**

*
(−

 4.
18

)
−

 0.
79

**
*

(−
 5.

13
)

−
 1.

05
**

*
(−

 3.
63

)
−

 0.
68

**
(−

 2.
29

)
0.

81
**

*
(6

.8
5)

0.
89

**
*

(6
.7

7)
0.

81
**

*
(7

.1
7

0.
75

**
*

(7
.5

2)
B

an
k 

ris
k

−
 0.

00
7

(−
 0.

97
)

−
 0.

05
**

(−
 2.

29
)

−
 0.

00
7

(−
 1.

17
)

−
 0.

06
**

(−
 2.

31
)

−
 0.

03
(−

 0.
38

)
−

 0.
03

(−
 0.

99
)

−
 0.

03
(−

 0.
88

)
−

 0.
03

(−
 0.

89
)

0.
01

**
*

(4
.6

5)
0.

02
**

*
(3

.8
5)

0.
05

**
*

(4
.4

5)
0.

03
**

*
(4

.8
3)

C
on

st
an

t
0.

05
(0

.1
5)

−
 0.

1
(−

 0.
77

)
0.

05
(0

.7
6)

−
 0.

1
(−

 0.
88

)
−

 0.
68

**
(−

 2.
31

)
−

 1.
1*

**
(−

 5.
18

)
−

 0.
21

(−
 0.

68
)

−
 0.

95
**

*
(−

 3.
88

)
0.

51
**

*
(5

.5
8)

0.
45

**
*

(3
.9

9)
0.

4*
**

(3
.8

1)
0.

59
**

*
(3

.9
7)

N
um

be
r o

f o
bs

er
va

-
tio

ns
76

6
76

6
76

6
76

6
76

6
76

6
76

6
76

6
76

6
76

6
76

6
76

6

F 
st

at
ist

ic
s

12
.9

1*
**

17
.7

1*
**

16
.6

8*
**

17
.3

1*
**

16
.9

6*
**

17
.1

1*
**

16
.9

9*
**

16
.8

**
*

17
.2

9*
**

17
.2

2*
**

17
.2

5*
**

17
.1

9*
**

R
 sq

ua
re

0.
44

0.
58

0.
56

0.
61

0.
58

0.
65

0.
69

0.
67

0.
72

0.
71

0.
68

0.
73

A
dj

us
te

d 
R

 sq
ua

re
0.

41
0.

52
0.

48
0.

51
0.

53
0.

59
0.

61
0.

62
0.

68
0.

67
0.

63
0.

69
Ro

bu
st 

sc
or

e 
χ2  [p

 
va

lu
e]

3.
1(

0.
08

)
3.

2(
0.

07
)

3.
5(

0.
05

)
3.

3(
0.

04
)

3.
4(

0.
06

)
3.

5(
0.

07
)

3.
8(

0.
02

)
3.

6(
0.

03
)

3.
7(

0.
04

)
3.

5(
0.

05
)

3.
6(

0.
03

)
3.

9(
0.

04
)



407Annals of Operations Research (2021) 306:383–413	

1 3

*  , *
* 

an
d 

**
*S

ig
ni

fic
an

ce
 a

t 1
0,

 5
 a

nd
 1

%
 le

ve
ls

, r
es

pe
ct

iv
el

y.
 t 

st
at

ist
ic

s 
ar

e 
pr

es
en

te
d 

in
 p

ar
en

th
es

is
. M

od
el

 1
 in

ve
sti

ga
te

s 
th

e 
im

pa
ct

 o
f d

on
at

io
ns

, m
od

el
s 

2 
in

ve
sti

ga
te

s 
th

e 
im

pa
ct

 o
f b

al
an

ce
 o

f g
re

en
 c

re
di

t, 
m

od
el

 3
 in

ve
sti

ga
te

s 
th

e 
im

pa
ct

 o
f c

re
di

t t
o 

SM
Es

, m
od

el
 4

 in
ve

sti
ga

te
s 

al
l t

he
se

 th
re

e 
fa

ct
or

s, 
w

hi
le

 a
ll 

th
e 

m
od

el
s 

co
nt

ro
l f

or
 b

an
k 

si
ze

 
(n

at
ur

al
 lo

ga
rit

hm
 o

f t
ot

al
 a

ss
et

s)
; b

an
k 

liq
ui

di
ty

 (t
he

 ra
tio

 o
f l

iq
ui

d 
as

se
ts

 to
 to

ta
l a

ss
et

s)
, b

an
k 

ca
pi

ta
liz

at
io

n 
(th

e 
ra

tio
 o

f e
qu

ity
 c

ap
ita

l t
o 

to
ta

l a
ss

et
s)

 a
nd

 b
an

k 
ris

k 
(th

e 
ra

tio
 

of
 lo

an
 lo

ss
 p

ro
vi

si
on

 to
 to

ta
l l

oa
ns

). 
Th

er
e 

ar
e 

th
re

e 
se

ts
 o

f e
sti

m
at

io
n,

 e
ac

h 
of

 th
es

e 
in

cl
ud

es
 fo

ur
 m

od
el

s u
nd

er
 d

iff
er

en
t e

ffi
ci

en
cy

 in
di

ca
to

rs
. T

he
 fi

rs
t s

et
 u

se
s i

nd
ire

ct
 te

ch
-

ni
ca

l e
ffi

ci
en

cy
, t

he
 s

ec
on

d 
se

t u
se

s 
te

ch
ni

ca
l e

ffi
ci

en
cy

 a
nd

 th
e 

la
st 

se
t u

se
s 

in
di

re
ct

 a
llo

ca
tiv

e 
effi

ci
en

cy
. R

-S
qu

ar
ed

 is
 th

e 
pr

op
or

tio
n 

of
 v

ar
ia

nc
e 

in
 th

e 
de

pe
nd

en
t v

ar
ia

bl
e 

w
hi

ch
 c

an
 b

e 
pr

ed
ic

te
d 

fro
m

 th
e 

in
de

pe
nd

en
t v

ar
ia

bl
es

. T
he

 F
-te

st 
of

 o
ve

ra
ll 

si
gn

ifi
ca

nc
e 

in
di

ca
te

s 
w

he
th

er
 th

e 
lin

ea
r r

eg
re

ss
io

n 
m

od
el

 p
ro

vi
de

s 
a 

be
tte

r fi
t t

o 
th

e 
da

ta
 th

an
 a

 
m

od
el

 th
at

 c
on

ta
in

s n
o 

in
de

pe
nd

en
t v

ar
ia

bl
es

. S
ig

ni
fic

an
ce

 F
 st

at
ist

ic
s m

ea
ns

 th
at

 th
e 

in
de

pe
nd

en
t v

ar
ia

bl
es

 in
 th

e 
m

od
el

 im
pr

ov
e 

th
e 

fit
. T

he
 a

dj
us

te
d 

R-
sq

ua
re

d 
is

 a
 m

od
ifi

ed
 

ve
rs

io
n 

of
 R

-s
qu

ar
ed

 th
at

 h
as

 b
ee

n 
ad

ju
ste

d 
fo

r t
he

 n
um

be
r o

f p
re

di
ct

or
s 

in
 th

e 
m

od
el

. T
he

 a
dj

us
te

d 
R-

sq
ua

re
d 

in
cr

ea
se

s 
on

ly
 if

 th
e 

ne
w

 te
rm

 im
pr

ov
es

 th
e 

m
od

el
 m

or
e 

th
an

 
w

ou
ld

 b
e 

ex
pe

ct
ed

 b
y 

ch
an

ce
. I

t i
s a

lw
ay

s l
ow

er
 th

an
 th

e 
R-

sq
ua

re
d.

 F
or

 W
oo

ld
rid

ge
’s

 ro
bu

st 
sc

or
e 

te
st 

fo
r e

xo
ge

ne
ity

 a
nd

 ro
bu

st 
re

gr
es

si
on

 e
xo

ge
ne

ity
 te

st,
 if

 th
e 

te
st 

st
at

ist
ic

 
is

 si
gn

ifi
ca

nt
, t

he
n 

th
e 

va
ria

bl
es

 b
ei

ng
 te

ste
d 

m
us

t b
e 

tre
at

ed
 a

s e
nd

og
en

ou
s. 

Fo
r t

he
 W

oo
ld

rid
ge

’s
 o

ve
r-i

de
nt

ify
in

g 
re

str
ic

tio
n 

te
st,

 a
 st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 te
st 

st
at

ist
ic

 a
lw

ay
s 

in
di

ca
te

s t
ha

t t
he

 in
str

um
en

ts
 m

ay
 n

ot
 b

e 
va

lid

In
de

pe
nd

en
t v

ar
ia

bl
es

In
di

re
ct

 te
ch

ni
ca

l e
ffi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 

va
ria

bl
e

Te
ch

ni
ca

l e
ffi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 v

ar
ia

bl
e

In
di

re
ct

 a
llo

ca
tiv

e 
effi

ci
en

cy
 a

s t
he

 d
ep

en
de

nt
 

va
ria

bl
e

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

Ro
bu

st 
re

gr
es

si
on

 F
 

st
at

s [
p 

va
lu

e]
3.

05
(0

.0
8)

3.
12

(0
.0

6)
3.

39
(0

.0
4)

3.
27

(0
.0

1)
3.

31
(0

.0
5)

3.
43

(0
.0

2)
3.

66
(0

.0
1)

3.
51

(0
.0

2)
3.

61
(0

.0
5)

3.
43

(0
.0

4)
3.

55
(0

.0
6)

3.
79

0.
04

)

W
oo

ld
rid

ge
 O

IR
 χ

2  [p
 

va
lu

e]
1.

05
(0

.3
1)

1.
06

(0
.5

5)
1.

05
(0

.4
4)

1.
11

(0
.7

2)
1.

09
(0

.6
9)

1.
08

(0
.5

8)
1.

06
(0

.6
6)

1.
07

(0
.6

8)
1.

05
(0

.7
1)

1.
06

(0
.7

1)
1.

03
(0

.6
5)

1.
05

(0
.7

9)

Ta
bl

e 
9  

co
nt

in
ue

d



408	 Annals of Operations Research (2021) 306:383–413

1 3

estimation reported by the Bootstrapped truncated regression in Table 7, we have quanti-
tatively similar results. In particular, we confirm that balance of green credit has a signifi-
cant and negative impact on indirect technical efficiency, while the effect is significant and 
positive for technical efficiency. The impact of loans to small and medium sized enterprises 
on bank efficiency is significant and positive. Finally, all the tables report that technical 
efficiency is significantly and negatively affected by donations, while indirect allocative 
efficiency is positively affected. In summary, our original estimation is accurate and robust.

7 � Discussion

As far as we are concerned, the current paper is the first piece of research attempting to 
investigate the “indirect allocative efficiency” in the Chinese banking industry, which sig-
nificantly contributes to the empirical literature in the Chinese banking efficiency from a 
methodological perspective. Our results regarding the fact that Chinese commercial banks 
have higher level of technical efficiency compared to allocative efficiency is in line with 
Chen et al. (2015). In addition, although number of employees has been used as one impor-
tant input in the production process to measure efficiency in the Chinese banking industry 
(Ariff & Can, 2008; Asmild & Matthews, 2012), the potential increase in the number of 
employees has not been considered as an important indicator from CSR perspective. The 
current paper significantly contributes to the banking and CSR studies by being the first 
study to propose the potential increase in the number of employees as one aspect of CSR 
and to apply this concept to the Chinese banking study. This is supposed to not only fill in 
a gap in the empirical literature, but also to generate very interesting and important policy 
implications. Our results show that there is a possibility to further increase the number of 
employees in the Chinese banking industry. This finding is in accordance with the corpo-
rate social performance theory, the main argument of which is to encourage corporations 
to engage in relevant activities that will provide benefits to the society. The possibility of 
potential increase in the number of employees will provide benefits to the society from the 
perspective of employment improvement and poverty reduction.

Our results, compared to Ciciretti et al. (2014), provide more important, more specific 
and more concrete policy implications to the Chinese banking industry. We argue that 
an increase in the volume of donations will further lead to an improvement in the level 
of indirect allocative efficiency of Chinese commercial banks. This means that Chinese 
commercial banks can increase their level of outputs without any increase in their costs if 
they provide more donations to the society. This is in line with the corporate social perfor-
mance theory and stakeholder theory. An increase in the volume of donations is supposed 
to have a significant and positive impact on the development of society or promote equal 
economic development between different geographical areas in China. For instance, dona-
tions to different universities for their research and scholarship are supposed to increase the 
volumes and improve the quality of their research activities. This will further increase the 
possibility for the Chinese universities to generate influential research outputs, from which 
different parties in society, including people, companies and government can get benefits. 
Furthermore, donations to the poorer areas in China (western part of China) will further 
improve their infrastructure construction and have a significant and positive impact on their 
economic development. This will further reduce the gap (economic development imbal-
ance) between the eastern part of China and western part of China. We further argue that 
Chinese commercial banks should reduce the volume of green credits in order to improve 
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the overall indirect technical efficiency. In comparison, although Ciciretti et al. (2014) find 
that community responsibility has a significant and positive impact on efficiency, it is very 
hard to generate specific and accurate policy implications. As discussed previously in the 
literature review, Zhu et al. (2017) use social contribution value per share to measure cor-
porate social responsibility; it is impossible for the results to be useful for the banks which 
are not listed, whereas, the variables we proposed are applicable to all banks. Reduction 
in the volume of green credits granted by the Chinese commercial banks is mainly in line 
with the shareholder theory, the main argument of which is that the corporations should 
engage in these activities with the sole purpose of maximizing the shareholders’ value. 
Because our findings show that reduction in the volume of green credits will lead to an 
improvement in the overall indirect technical efficiency, Chinese commercial banks should 
better allocate the resources in the production process and further create value for their 
shareholders through decreasing the volumes of credits granted to environmentally friendly 
companies and projects. However, this is not good for the society, due to the fact that the 
behaviour has the possibility of creating pollution in society. Therefore, we argue that there 
would be a possible conflict between corporate social performance theory, stakeholder the-
ory and shareholder theory.

8 � Summary, conclusion and policy implications

The current study contributes to the banking literature in general by innovatively develop-
ing a gain function based on direct and indirect distance functions to measure the efficiency 
level in the Chinese banking industry. We use the number of employees as one input in the 
efficiency analysis, while at the same time, we propose the potential increase in the number 
of employees as a CSR indicator. In addition, this work is the first piece of study investigat-
ing CSR in the banking sector by using three specific indicators, namely donations, balance 
of green credits and loans to SMEs. The financial crisis of 2007–2009 caused the govern-
ment and regulatory authorities to attach great importance to the stability of the banking 
industry. The current study fills in the gap in the empirical literature by being the first piece 
of research investigating the impact of these specific CSR activities on the risk levels in the 
banking context under a fixed effect estimation.

The results of the current study show that the potential gains obtained from the improve-
ment in technical output-efficiency are more than the ones attained from the improve-
ment in allocative output-efficiency through reallocating the input resources, and that the 
Chinese banking industry can enhance its CSR activity from the perspective of increas-
ing the number of employees. The findings from the second stage Bootstrapped truncated 
regression show that: (1) balance of green credits is significantly and negatively related 
to indirect technical efficiency, but positively related to technical efficiency; (2) there is a 
significant and positive relationship between loans to SMEs and technical efficiency; (3) 
donations are found to be significantly and negatively related to technical efficiency, but 
positively related to indirect allocative efficiency.

The results from the current study provides new and interesting policy implications. (1) 
Chinese commercial banks can increase the number of their employees. This specific pol-
icy is our significant contribution to the empirical efficiency and CSR literature and most 
importantly, it is a very original contribution. It has important policy implications for the 
government, because this policy can benefit the economy from four different perspectives; 
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firstly, increase in recruitment is a CSR behaviour, which is good for bank image and repu-
tation; second, increase in recruitment will reduce poverty; third, increase in the number 
of employees will have the possibility to increase bank efficiency; lastly, increase in the 
number of employees will contribute to the economy by reducing the unemployment rate.

(2) Relevant regulations should be formulated to encourage bank donations and reduce 
the volumes of green credits granted by the Chinese commercial banks. Present policy does 
not encourage the Chinese banks to engage in CSR in terms of protecting the environment. 
Additional policies should be made requiring other financial and non-financial institutions 
to provide credits to environmentally friendly companies and projects.
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