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Introduction
According to the latest data released by The People’s Bank of China, the total assets 
of financial institutions reached 318.69 trillion Yuan at the end of 2019, with bank-
ing institutions accounting for 91%. This shows that the banking industry plays an 
important role in promoting economic growth and prosperity by providing credit 
and financial services to other economic sectors. Gross domestic product (GDP) and 
other macroeconomic environments have a profound impact on the development of 
banks (see, e.g. Phan et al. 2019; Tang and Nguyen 2020). However, the external envi-
ronment of China’s banking industry has changed significantly in recent years under 
a slowing economy due to a drop in the annual GDP growth rate from 7.86% in 2012 
to 6.11% in 2019. In addition, industry development has been poor, as exemplified 
by the overall depression of the manufacturing industry, overcapacity of traditional 
industries, and decline of profitability. The pressure these external environments have 
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put on China’s commercial banks necessitate an analysis of the efficiency of commer-
cial banks in a macroeconomic context of GDP growth. Research into this topic could 
promote the healthy and rapid advancement of the financing and investment busi-
nesses of commercial banks and help them better adapt to the complex external envi-
ronment, while also supporting the stable development of the national economy.

Many local and international scholars have presented outstanding contributions to 
the literature on commercial banks. Zhang et al. (2020a, b) examined banking insti-
tutions in 90 counties of 14 Chinese provinces between 2005 and 2013. They found 
that large state-owned commercial banks (SOCBs) are more responsive to political 
pressure, while joint-stock commercial banks (JSCBs) and urban commercial banks 
(UCBs) are more profit-oriented. Zhu et  al. (2020a, b) ranked the performance of 
16 major commercial banks in China according to their average marginal impact on 
structural efficiency. Their research results further confirmed that large commercial 
banks have a better operating performance than small- and medium-sized ones.

In the basic data envelopment analysis (DEA) model, the average banking efficiency 
of all countries is exceptionally low because current studies do not fully consider the 
significant impact of a country’s macro-level environment on banks. However, when 
comparing the efficiency of banks in different countries or regions, it is essential to 
include environmental variables for adjustment. Considering the different environ-
mental conditions would significantly improve the average efficiency value of almost 
all countries (see, e.g., Lozano‐Vivas et  al. 2002; Shyu et  al. 2015; Shi et  al. 2020). 
Based on this, the contributions of our paper are as follows. First, we incorporate 
environmental variables into the model and take GDP growth as an exogenous varia-
ble to more accurately reflect the efficiency of China’s commercial banks. Second, the 
research is divided into two stages of financing and investment. We compare SOCBs, 
JSCBs, and UCBs in greater detail to provide data support for the analysis of China’s 
banking industry.

The rest of the paper is organized as follows. Section 2 reviews the existing literature. 
Section 3 introduces the methods and models used herein. Section 4 presents an empiri-
cal analysis that proves the scientific nature of GDP growth as an exogenous variable. 
This is done by comparing the two scenarios with and without exogenous variables. At 
the same time, the paper suggests three forms of banks in Sect. 5, through the analyses 
of the financing and investment efficiency of SOCBs, JSCBs, and UCBs, and those of 
each input–output variable, providing a scientific basis for their healthy development.

Literature review
The literature review of this article is divided into two parts: social economy and 
commercial banks, and the management of commercial banks. The factors that influ-
ence the development of commercial banks can be divided into internal and external 
factors. Internal factors mainly include non-performing loans, deposits, board inde-
pendence, scale, and so on, while external factors typically cover social and economic 
development, market structure adjustment, and Internet finance, among others. In 
terms of management, commercial banks typically strive to improve service quality 
and optimize the layout of bank outlets to promote development.
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Social economy and commercial banks

Social economic development, financial market structure, and other macroeconomic 
factors have a profound impact on the development of commercial banks. Unvan and 
Yakubu (2020) found that profitability, bank size, and liquidity are all important deter-
minants of bank deposits when controlled by macroeconomic factors. Macroeconomic 
instability due to inflation also has a significantly negative impact on bank deposits. Tan 
et  al. (2016) learned that taxes, overhead costs, labor productivity, and inflation were 
factors that affected the profitability of SOCBs, JSCBs, and UCBs in China. Among all 
types of commercial banks, China’s JSCBs and UCBs have a lower return on assets, net 
interest margin, and profit margin compared with SOCBs. Zhao et al. (2020) studied the 
efficiency of 65 UCBs in 26 regions of China from 2013 to 2017 and found a significant 
spatial dependence between the loans of UCBs in China and those of banks in neigh-
boring region. In the development process of UCBs in China, the adjustment of market 
structure promotes the improvement of bank efficiency.

Chen et  al. (2020) took 171 Chinese commercial banks from 2004 to 2012 as the 
research objects and used the global-SMB model to estimate their total factor efficiency 
(TFE), and the TFE of each factor of production by internalizing a bank’s overall risk 
as an undesirable by-product in the bank’s production process. The results showed that 
shadow banking, bank size, non-performing loan ratio, loan-to-deposit ratio, fiscal sur-
plus to GDP ratio, and banking concentration ratio are important determinants of bank 
efficiency. Zhu et al. (2019) specifically studied the impact of shadow banking. Taking 
Chinese commercial banks from 2003 to 2017 as samples, Fang et al. (2019) found that 
bank size, cost efficiency, profit efficiency, and inflation significantly correlate with bank 
profitability. In addition, their study noted that cost efficiency has a stronger positive 
impact on profitability when banks are exposed to higher levels of risk and more com-
petition. Based on the DEA SBM-undesirable model and window analysis, Guo et  al. 
(2020) pointed out that SOCBs were more efficient than JSCBs before 2012. After 2012, 
the opposite was true. In addition, net interest margin, non-interest income ratio, gross 
fixed asset investment growth rate, and consumer price index have significantly positive 
effects on bank efficiency, while the cost–benefit ratio has a significantly negative impact 
on bank efficiency. In addition, their study also presented the threshold effect of the ratio 
of non-interest income on bank efficiency. Afza and Asghar (2017) concluded that com-
mercial banks operate at optimal levels because of their large size, increased solvency, 
and greater minimum capital requirements.

The internal governance system of commercial banks also affects banking efficiency. 
Based on the data analysis of many commercial banks, some scholars (see, e.g., Rehman 
et al. 2020; Karkowska and Acedanski 2020) found that board independence has a nega-
tive impact on banking efficiency. Meanwhile, Rehman et al. (2020) found that it has a 
positive impact on banking efficiency after the bank goes public. Using non-oriented, 
variable return-to-scale dynamic network SBM, Kweh et al. (2018) noted that the num-
ber of directors on the risk management committee has a positive effect on bank perfor-
mance. At the same time, an increase in the number of independent directors improves 
a firm’s profit efficiency, but reduces its operating efficiency.

With the development of network technology, the influence of Internet finance on the 
efficiency of commercial banks cannot be underestimated. Xu and Zhou (2020) used a 
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two-stage assurance region DEA model (AR-DEA) to analyze the efficiency of 26 listed 
commercial banks in China, divided into SOCBs, JSCBs, and UCBs, from 2013 to 2017. 
The results showed that SOCBs performed the best among the three. Moreover, they 
discovered that the development of Internet finance has a positive impact on the deposit 
producing sub-stage. Xu et al. (2020) established a credit risk measurement system suit-
able for commercial banks, pointing out that the development of network finance has 
brought different influences to a bank’s business, business model, and business philoso-
phy. Based on the current banking systemic risk measured by the Systemic Contingent 
Claims Analysis (SCCA) model and a stepwise regression, Zhu and Hua (2020) exam-
ined the impact of Internet finance on China’s banking sector and speculated that risks 
could rise in the future. Based on data from 200 commercial banks in China from 2011 
to 2016, Chen et al. (2019) concluded that peer-to-peer (P2P) lending and third-party 
payments have a significantly negative impact on the profitability of deposits and loans. 
The development of Internet finance has reduced the interest income of loans, increased 
the interest cost of deposits, and cut the growth rate of loans and deposits. In sum, the 
development of the Internet has brought forth more risks. Compared with large state-
owned and joint-stock banks, urban, rural, and unlisted banks are more vulnerable to 
the impact of Internet finance.

Management of commercial banks

Different scholars have conducted extensive research on the management and opera-
tional efficiency of commercial banks through various perspectives and methods. 
Mester (1997) suggested the importance of studying banks’ X-inefficiency to account 
for differences across the markets in which they are operating. Furthermore, because 
X-inefficiency is, by construction, a residual, it will be particularly sensitive to omissions 
in the basic model. Allen et al. (2006) compared the efficiency of Canada’s largest banks 
with U.S. commercial banks by key performance ratios, economies of scale, and cost-
inefficiency. Based on the U.S. Federal Deposit Insurance Corporation (FDIC) data from 
2001 to 2016, Calmès and Théoret (2020) found that non-interest income continues to 
make a positive contribution to U.S. banks’ results. In addition, trading, loan sales, and 
securitization increase the flexibility of banks’ risk management. Based on the payment 
and transaction data provided by banks, Kou et  al. (2021) established the bankruptcy 
prediction model.

The China Banking Regulatory Commission in 2013 implemented the Measures for 
the Administration of Inter-bank Lending by commercial banks. By collecting data from 
231 commercial banks in China, Zhang et al. (2018) found that macroprudential policies 
(MPPs) can be used by regulators to manage bank risk-taking and reduce the vulner-
ability of the banking sector, which is beneficial for the sustainable development of the 
banking system and overall financial stability. Wang et al. (2020) modeled credit rating 
in P2P lending as a cost-sensitive multi-class classification problem to reduce total cost.

Financial system risk is an important issue in the banking industry. Ji et al. (2019) 
reported that the transformation of the financial system to a more market-oriented 
structure could reduce banks’ systemic risk. Kou et al. (2019) introduced the current 
situation of using machine learning methods to study financial system risk, and put 
forward the direction of future work. Kou et al. (2014) presented a multiple criteria 
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decision making (MCDM)-based approach to sort and select popular clustering algo-
rithms in financial risk analysis.

Zhang et al. (2020a, b) studied data from 30 commercial banks (13 large banks, 17 
small banks) and 56 non-bank financial institutions from 2006 to 2016. They used the 
Z-score as a measure of risk, where the higher its value, the lower the risk for bank-
ruptcy. The authors offered commercial banks a way to find the best merger partners. 
Shen and Cai (2020) pointed out how commercial banks choose the most appropriate 
and effective channel of investment according to national and economic conditions. 
Tang et  al. (2020) emphasized the importance of the service quality of commercial 
banks to their development. Ausloos et  al. (2019) proposed that after China’s inter-
est rate liberalization, all commercial banks should adopt appropriate measurement 
methods according to their own conditions and set up interest rate risk manage-
ment departments. To follow the trend of decreasing the number of offline customers 
caused by Internet development, Xue et al. (2019) suggested that commercial banks 
adjust and optimize their physical branch layout. This not only reduces the operat-
ing costs of banks and prevents them from wasting resources, but it can also be make 
their operations more sustainable.

Sun et al. (2017) argued that banks should monitor rapidly changing customer needs. 
Banks could work with information technology (IT) companies to offer products that are 
more customer-centric. Bank managers must proactively adapt to their environment and 
strike the right balance between regulation and innovation. Liu et al. (2020) conducted 
an empirical analysis on the operating data of 71 commercial banks in China span-
ning the period 2011 to 2015. Using the two-stage meta-front DEA network model and 
multiple regression model, the main empirical results showed that state-owned banks 
had the highest technical and management level regardless of the efficiency of depos-
its and loans. In contrast, UCBs should improve their technical and management level 
and strive to narrow the gap with joint-stock banks. According to the two-stage inverse 
DEA with undesirable outputs, An et al. (2019) suggested that China’s commercial banks 
should do the following: (1) increase their operating costs and interest expenses to ful-
fill their short-term tasks; (2) keep the amount of deposits at a reasonable and effective 
level; (3) improve the business level of their employees; and (4) scrutinize the credit-
worthiness of their borrowers. Large-scale group decision-making (LSGDM) problems 
in the banking industry also need to be improved. Chao et al. (2021) built a consensus 
reaching model for a heterogeneous LSGDM that addressed non-cooperative behaviors, 
and discussed its application in inclusive finance. The results showed that the proposed 
consensus model can integrate the opinions of participants with different preference for-
mats and reach consensus effectively.

In conclusion, we know that banking efficiency is influenced by internal and exter-
nal factors. While bank management can only optimize internal factors, the change 
in the total efficiency of different economic environments cannot be ignored. Hence, 
this paper fully considers internal and external factors, and uses undesirable dynamic 
slacks-based measures (UDSBM) under an exogenous model to study the overall 
efficiency, stage efficiency, and improvement of SOCBs, JSCBs, and UCBs in greater 
detail. The existing literature has been of great help to this study, and some key stud-
ies are listed below in Table 1.
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Research method
Farrell (1957) measured productivity by connecting the most efficient production point 
to the production boundary. The difference between any real production point and the 
production boundary indicates the inefficiency of the production point. Based on this, 
Charnes et  al. (1978) extended his theory to establish a generalized mathematical lin-
ear programming model, called CCR (Charnes, Cooper & Rhodes, 1978). Banker et al. 
(1984) then proposed the BCC model (abbreviation for Banker R.D.; Charnes A.; Cooper 
W.W.) and revised the fixed scale return originally assumed in the CCR model into the 
variable scale return. Tone (2011) proposed the difference variable model (SBM), that 
is, the difference variable is used as the measurement basis, and the difference between 
input and output is considered.

In order to analyze efficiency in greater depth, many scholars divided the entire business 
process into several sub-processes, connected each stage with some intermediate outputs, 
and calculated the efficiency of each stage under different conditions. Tone and Tsutsui 
(2009) put forward the weighted SBM network DEA model and used the SBM model to 
obtain the optimal solution based on the network DEA model built on the connections 
between various departments of the decision-making unit (DMU). Traditional DEA cannot 
analyze the efficiency of individual departments, but network DEA can resolve this prob-
lem. A company’s operations generally span many periods, and the dynamic DEA model 
can be used for such analysis. If departments and time need to be simultaneously evaluated, 
then both network and dynamic DEA should be combined. However, the Tone and Tsutsui 
dynamic network DEA model does not consider output, and exogenous variables affect any 
unfavorable situation. In addition, banks have different sizes, management models, and so 
on, but the efficiency evaluation using traditional DEA generally assumes all DMUs have 
the same technical level. The traditional efficiency evaluation model may be less appropri-
ate. Hence, this paper combines the concepts of the Tone and Tsutsui and SBM model, 
non-desirable outputs, exogenous variables, and the common boundary model of Donnell 

Table 1 Key literature

Author(s) Object Key variable(s) Method(s)

Mester (1997) U.S. banks (1991–1992) X‑Inefficiency Stochastic econometric cost 
frontier methodology

Allen et al. (2006) Canada–U.S. banks 
(1983–2004)

Performance ratios;
Economies of scale;
Cost‑Inefficiency

Translog cost function

Calmès and Théoret (2020) U.S. Federal Deposit 
Insurance Corporation 
(2001–2016)

Non‑interest income;
Banks’ risk‑adjusted ROA

OLS and GARCH

Afza and Asghar (2017) Commercial banks in 
Pakistan (2005–2010)

Profit Efficiency;
Cost Efficiency

Stochastic Frontier Approach 
(SFA) and value‑added 
approach

Kweh et al. (2018) Islamic and conventional 
banks (2008–2017)

Profitability Efficiency;
Managerial Efficiency

Non‑oriented, variable 
returns‑to‑scale dynamic 
network SBM model

Liu et al. (2020) 71 commercial banks in 
China (2011–2015)

Deposits Efficiency;
Loans Efficiency

Meta‑frontier DEA network 
model

This study 33 commercial banks in 
China (2012–2018)

GDP growth;
Financing Efficiency;
Investment Efficiency

Undesirable dynamic SBM 
under exogenous model
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(2008) to set up a new model, called the meta UDSBM under an exogenous model. This 
model is used to evaluate the financing and investment efficiency of 34 listed commercial 
banks in China during 2012–2018.

Suppose there are n DMUs 
(

j = 1..., n
)

 , each of which has K  sections (k = 1...K ) and 
T  time periods (t = 1...,T ) . Each DMU has an input and output for time period t and a 
connection to the next time period. We use Xk and Yk to represent the input and output 
of each K  branch, (k , h)i denoting the branch from K  to H . Let output Y be divided into 
(Ygood, Ybad), where Ygood is a desirable output, Ybad is an undesirable output, and Zinput is 
a carry-over link from period t to period t + 1. Eajt(a = 1 . . .u) is an exogenous variable 
outside of a given economic model that often impacts the outcome of the model. The 
following is the non-oriented model:

① Financing Stage: The input indicator is the number of employees and operating 
expenses, represented by Xt

1 ; the output indicator is inter-bank borrowing and 
deposits, represented by Y t

1good;
② Investment Stage: The output variables are divided into desirable output and unde-

sirable output. Desirable output is Y t
2good , which is the return on capital; undesirable 

output is Y t
2bad , which is the non-performing loans;

The exogenous variable is Et
ok , which means GDP growth; and the carry-over variable 

is Z(t,(t+1))
okl input

 , which is the logarithm of bank assets.

Meta undesirable dynamic slacks‑based measures (SBM) under an exogenous model

Meta‑frontier (MF)

(a) Objective function:
Overall efficiency:

Stage efficiency:

Subject to:
Financing Stage:

(1)
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Investment Stage:

(b1) Period efficiency:

(b2) Division efficiency:

(b3) Division period efficiency:

From the above, we can obtain overall efficiency, period efficiency, division effi-
ciency, and division period efficiency using the meta-frontier model.

Group‑frontier (GF)

As each DMU under the group frontier chooses the most favorable final weighted 
output, the DMU efficiencies under the group frontier are solved using the following 
equations:

(a) Objective function:
Overall efficiency:

Subject to:
Financing Stage:

(4)

yto2good = Y t
2good �

t
2−st+2ogood (∀k , ∀t, ∀g)

yto2bad = Y t
2bad �

t
2+st−2obad (∀k , ∀t, ∀g)

�
t
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ok = Et

kg�
t
kg(∀k ,∀t,∀g)
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Investment Stage:

(b) Period and division efficiencies
The period and division efficiencies are as follows.
(b1) Period efficiency:

(b2) Division efficiency:

(b3) Division period efficiency:

From the above formulae, we obtain overall efficiency, period efficiency, division effi-
ciency, and division period efficiency. The efficiencies of input and outputs (Desirable 
and Undesirable) are defined in the following formulae (14–16):

(9)

xto1 = Xt
1 �

t
1+st−1o (∀t)

yto1good = Y t
1good �

t
1−st+1ogood (∀k , ∀t, ∀g)

�
t
1 ≥ 0, st−1o ≥ 0, st+1ogood ≥ 0, (∀k , ∀t, ∀g)

Zt
o(12)in = Zt

(12)in�
t
1 + Sto(12)in ((1, 2)in)

(10)

yto2good = Y t
2good �

t
2−st+2ogood (∀k , ∀t, ∀g)

yto2bad = Y t
2bad �

t
2+st−2obad (∀k , ∀t, ∀g)

�
t
2 ≥ 0, st−2o ≥ 0, st+2ogood ≥ 0, st+2obad ≥ 0, (∀k , ∀t, ∀g)

Et
ok = Et

kg�
t
kg(∀k ,∀t,∀g)

(11)

∂∗0 = min

∑K
k=1W

k

[

1− 1
mk+linkink+ninput

(

∑mk
i=1

St−iok
xtiok

+
∑linkink

(kh)l=1

sto(kh)l in

zto(kh)l in
+

ninputk
∑

kl

s
(t,t+1)
okl input

z
(t,t+1)
okl input

)]

∑K
k=1W

k

[

1+ 1
r1k+r2kk

(

∑r1k
r=1

st+rokgood
ytrokgood

+
∑r2k

r=1

st−rokbad
ytrokbad

)]

(12)

ϕ∗
0 = min

∑T
t=1W

t

[

1− 1
mk+linkink+ninputk

(

∑mk
i=1

St−iok
xtiok

+
∑linkink

(kh)l=1

sto(kh)l in

zto(kh)l in
+

ninputk
∑

kl

s
(t,t+1)
okl input

z
(t,t+1)
okl input

)]

∑T
t=1W

t

[

1+ 1
r1k+r2k

(

∑r1k
r=1

st+rokgood
ytrokgood

+
∑r2k

r=1

st−rokbad
ytrokbad

)]

(13)

ρ∗
0 = min

1− 1
mk+linkink+ninputk

(

∑mk
i=1

St−iok
xtiok

+
∑linkink

(kh)l=1

sto(kh)l in

zto(kh)l in
+

ninputk
∑

kl

s
(t,t+1)
okl input

z
(t,t+1)
okl input

)

1+ 1
r1k+r2k

(

∑r1k
r=1

st+rokgood
ytrokgood

+
∑r2k

r=1

st−rokbad
ytrokbad

)

(14)Input efficiency =
Actual input

Target input

(15)Desirable output efficiency =
Target Undesirable output

Actual Undesirable output
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Kernel density analysis

As a non-parametric estimation method, kernel density estimation is mainly used to 
obtain the distribution pattern of random variables by smoothing their probability den-
sity based on the kernel function, which is widely used in the analysis of regional dif-
ferences. Here,  X1,  X2…,  Xn make up the sample of a unary continuous population, and 
formula (17), given by Kristan and Leonardis (2014), is the kernel density estimation of 
the density function f(x) at any point x. Here, f(x) is defined as the density function, K (·) 
is the kernel density function, and h is the bandwidth.

This paper selects the commonly-used Gaussian kernel function (EI Heda and Louani 
2018) to estimate the kernel density curve of the distribution pattern of commercial 
banks’ efficiency under China’s GDP growth rate. See formula (18). Based on the sample 
data, the efficiency values of 34 commercial banks in China under the influence of GDP 
are described.

(16)Undesirable output efficiency =
Actual Undesirable output

Target Undesirable output

(17)fh(x) =
1

nh

n
∑

i=1

K

(

x − Xi

h

)

Table 2 Classification of 34 Chinese Commercial Banks

Cluster DMU

SOCBs Bank of China (BOC), China Construction Bank (CCB), Industrial and Commercial Bank of China (ICBC), 
Agricultural Bank of China (ABC), Bank of Communication (BCM), Postal Savings Bank of China (PSBC)

JSCBs China Industrial Bank (CIB), Ping An Bank (PAB), Shanghai Pudong Development Bank (SPDB), China 
Minsheng Banking Co., Ltd. (CMBC), China Merchants Bank (CMB), China Citic Bank (CNCB), China 
Everbright Bank (CEB), Hua Xia Bank (HXB), China Zheshang Bank (CZB)

UCBs Bank of Beijing (BOB), Bank of Shanghai (BOS), Bank of Nanjing (BONJ), Bank of Chengdu (BOCD), Bank 
of Ningbo (BONO), Bank of Shengjing (BOSJ), Bank of Hangzhou (BOHZ), Bank of Guiyang (BOGY), 
Bank of Zhengzhou (BOZZ), Bank of Jiangsu (BOJS), Bank of Changsha (BOCS), Bank of Chongqing 
(BOCQ), Bank of Qingdao (BOQD), Bank of Huishang (BOHS), Bank of Harbin (BHRB), Bank of Gansu 
(BOGS), Bank of Jiangxi (BOJX), Bank of Jiujiang (BOJJ), Bank Of Xi’An (BOXA)

Table 3 Input and output variables

Stage Variable Unit

Financing stage Input Operating expenses 107 RMB

Number of employees People

Output Deposits 107 RMB

Inter‑bank borrowing 107 RMB

Carry‑over Logarithm of bank assets

Investment stage Output Return on capital %

Non‑performing loans 107 RMB

Exogenous variable GDP growth %
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Empirical analysis
Data description

Variables

This paper takes 34 Chinese commercial banks as the research object. According to the 
nature of commercial banks, they can be divided into three categories: SOCBs, JSCBs, 
and UCBs. Table 2 lists the specific banks included under the three types of commercial 
banks.

Using UDSBM under an exogenous model, the research is divided into two stages: 
financing and investment. In the financing stage, the operating expenses and number of 
employees are input variables. Deposits and inter-bank borrowing are both acceptable 
output indicators. In the investment stage, the output variables are return on capital and 
inter-bank borrowing, among which the latter is the non-desirable output index, and the 
former is the desirable output index. This study also selects the logarithm of bank assets 
as the carryover variable, and GDP growth as the exogenous variable. See Table 3 for 
details.

The specific variables are explained as follows.

① Operating expenses. The expenses incurred in the business operations and manage-
ment of a commercial bank.

② Number of employees. The total number of employees in commercial banks.
③ Deposits. The total amount of deposits attracted by commercial banks, mainly from 

funds attracted by trading and non-trading accounts. Deposits are the main source of 
funds for commercial banks.

④ Inter-bank borrowing. The mutual adjustment between banks in order to solve the 
shortage of funds in the short term.

⑤ Logarithm of bank assets. We choose fixed asset investment to present bank assets. 
Fixed asset investment refers to the amount of work undertaken by a commercial 
bank to construct and acquire fixed assets over a period of time, and the variation in 
costs associated with them, expressed in monetary terms.

(18)K

(

x − xi

h

)

=
1

√
2π

e
− 1

2

(

(x−xi)
h

)2

t

t+1

Carryover: Logarithm of bank assets

Exogenous Variable: GDP growth

Investment Stage

Investment Stage

Financing Stage

Financing Stage

Output/Link
Deposit
Inter-bank borrowing

Output/Link
Deposit
Inter-bank borrowing

Input t
Operating expenses
Number of employees

Input t+1
Operating expenses
Number of employees

Output t
Return on capital
Non-performing loans

Output t+1
Return on capital
Non-performing loans

Fig. 1 Illustration of the proposed assessing framework
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⑥ Return on capital. The net income figure provided in the income statement for a set-
tlement period, divided by the quotient of the total investment—namely, the ratio of 
net income to the total investment.

⑦ Non-performing loans. This is a general term for delinquent loans, sluggish loans, 
and bad loans. Overdue loans refer to those that fail to be repaid upon the expiration 
of the loan contract (including the expiration after any extension). Sluggish loans are 
those that are overdue (including the expiration after any extension), but have not 
been repaid beyond the prescribed period of time, or loans whose production and 
operation have been terminated and the project stopped while the period of time 
has not yet expired. Bad loans are loans classified as bad in accordance with relevant 
regulations.

⑧ GDP growth. The GDP index is the relative number reflecting the trend and degree 
of GDP change within a certain period. The index is calculated on the basis of the 
previous year and at constant prices.

Figure 1 illustrates the structure of this paper.

Statistical description

This section studies GDP growth, operating expenses, number of employees, deposits, 
inter-bank borrowing, non-performing loans, return on capital, and the logarithm of 
bank assets, of SOCBs, JSCBs, and UCBs from 2012 to 2018. The maximum, minimum, 
mean, and standard deviation of the eight variables are calculated respectively, and the 
results are kept at two decimal places. In general, UCBs have the lowest value for the 
four variables. See Table 4 for details.

Scenario analysis of the efficiency

GDP growth and bank earnings

Gross domestic product growth and banking efficiency interact. Calmes and Theoret 
(2020) noted that effective liquidity matching requires banks to track external shocks, 
such as GDP growth shocks, in order to optimize the allocation of assets between 
loans and other lines of business. At the same time, changes in banks may in turn 
affect economic and financial conditions such as GDP. Taking 108 real estate banks 
from the U.S., the U.K., and Germany from 2000 to 2014 as samples, Martins et  al. 

Table 4 Statistical Description of inputs and outputs

Item Exogenous 
variable

Financing Stage Investment Stage

Input Output Carry‑over Output

GDP growth
(%)

Operating 
expenses
(107 RMB)

Number of 
employees
(People)

Deposits
(107 RMB)

Inter‑bank 
borrowing
(107 RMB)

Logarithm 
of bank 
assets

Non‑
performing
loans
(107 RMB)

Return on 
capital
(%)

Max 7.90 19,214.97 198,182.67 907,416.87 165,730.00 4.4 14,177.37 4.01

Min 6.70 2528.58 31,705.33 134,239.47 29,435.47 1.35 165.81 3.19

Mean 7.21 9516.77 121,049.67 448,654.76 76,623.03 2.8194 4840.70 3.73

SD 0.49 4455.35 53,865.67 193,635.43 35,172.45 0.74796 3662.89 0.29
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(2019) also pointed out that GDP has a significant impact on the profitability of real 
estate banks. When GDP is high and the national economy is developing well, the 
efficiency of banks is often also high. On the contrary, when GDP is low and macro-
economic environment is poor, banking efficiency is not ideal. Applying an innova-
tive DEA method under a stochastic environment, the study of Chen et al. (2018) on 
banking efficiency in China was based on a sample of 127 banks at the height of the 
global financial crisis. Their empirical results showed that the overall efficiency level 
of Chinese banks is low.

Different economic development backgrounds lead to different businesses of banks, 
which affect the evaluation of bank performance. Therefore, taking GDP growth as an 
exogenous variable makes the model more logical and the measurement of banking 
efficiency more convincing. Figure 2 shows the relationship between GDP growth and 
return on capital from 2012 to 2018.

Comparison of overall efficiency

To ensure the rigor and scientific nature of the study, we also measure the performance 
of all DMUs without exogenous variables. We find that the efficiency value of com-
mercial banks is generally low, and that the overall efficiency value of most commercial 
banks is lower than 0.5, or even close to 0. Here, the exogenous variables are not con-
sidered to have an interference effect in the study, which further supports the views of 
Lozano‐Vivas et al. (2002) and Shyu et al. (2015). However, when GDP growth is taken 
into account, all three types of commercial banks perform well with an overall efficiency 
value of about 0.7, and the differences among all kinds of banks are small. In general, 
SOCBs performed best, followed by JSCBs, while UCBs performed the worst. We note 
that the revised model combined with the GDP growth environmental variable can bet-
ter evaluate the efficiency values of different commercial banks on the same comparison 
basis. See Table 5 for more details.

This paper takes GDP growth as an exogenous variable and considers the influ-
ence of a major economic environmental background on the efficiency of commer-
cial banks, which is tenable and scientific. Based on this, GDP growth is used as an 
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exogenous variable in the following analysis, and relevant discussions will be carried out 
accordingly.

To be more specific, SOCBs performed the best, while UCBs performed the worst. The 
average overall efficiency of the 6 SOCBs reached 0.8; the 19 UCBs, 0.66; and 9 JSCBs, 
0.7. State-owned commercial banks are still the main force in China against the back-
ground of a good external financial development environment and the improvement of 
their own professional ability. For future development, the three types of commercial 
banks need to collectively improve their overall efficiency in all aspects.

Figure 3 shows the radar map of SOCBs (green), JSCBs (orange), and UCBs (blue) in 
overall efficiency with an exogenous variable. State-owned commercial banks performed 
the best at greater than 0.5. The performance of JSCBs ranked second, but still has room 
to improve. The performance of UCBs is significantly lower than that of JSCBs, and most 
banks have a low efficiency value.

We now explore the overall efficiency of the three types of commercial banks from 
2012 to 2018. In general, there is only a small increase or decrease between 0.7 and 0.8 in 
the overall efficiency of all kinds of commercial banks.

The overall efficiency of SOCBs reached the maximum value of 0.84 in 2015. The over-
all efficiency values in the remaining 6 years do not exceed 0.82 and fluctuate around 
0.78, showing the best performance. In general, the yearly change in the overall efficiency 
values of JSCBs is minimal. The overall efficiency of UCBs exceeds 0.7 for 2 consecutive 
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Fig. 3 Overall efficiency for each type of bank from 2012 to 2018 with an exogenous variable

Table 6 Overall Efficiency of Each Cluster from 2012 to 2018

Cluster 2012 2013 2014 2015 2016 2017 2018

SOCBs 0.763 0.788 0.800 0.840 0.813 0.811 0.792

JSCBs 0.671 0.702 0.738 0.715 0.701 0.711 0.666

UCBs 0.668 0.716 0.723 0.562 0.630 0.674 0.680
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years from 2013 to 2014 and reached the maximum value of 0.723 in 2014. The efficiency 
values of UCBs are presented below those of the other two types of banks. See Table 6 
for further details.

From Table 6, we draw the Kernel density estimation curves of the overall efficiency of 
SOCBs, JSCBs, UCBs, and all commercial banks from 2012 to 2018 (Fig. 4).

In Fig.  4a, the Kernel density estimation curve of the efficiency of SOCBs shows a 
“unimodal shape,” with the peak fluctuation decreasing and moving slowly to the right. 
This shows an improvement in the efficiency of SOCBs, and that the overall difference 
between SOCBs is expanding. In Fig. 4b, the Kernel density estimation curve for the effi-
ciency of JSCBs changes from a “unimodal shape,” to a “wide peak shape” from 2012 to 
2018, which shows that the differences between JSCBs are narrowing. In Fig. 4c, the Ker-
nel density estimation curve initially moves to the left before moving to the right, and the 
efficiency of UCBs decreases before it gradually increases. The difference between each 
UCB is significant. In Fig. 4d, the Kernel density estimation curve gradually changes to a 
standard single peak type, and the differences among total commercial banks gradually 

Fig. 4 Kernel density curve of overall efficiency for different commercial banks in 4 years. a state‑owned; b 
joint‑stock; c urban; d all

Table 7 Efficiency of the financing stage from 2012 to 2018

Cluster 2012 2013 2014 2015 2016 2017 2018

SOCBs 0.845 0.864 0.912 0.977 0.956 1.000 0.946

JSCBs 0.748 0.836 0.904 0.911 0.922 0.898 0.849

UCBs 0.748 0.785 0.757 0.576 0.700 0.722 0.706
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decrease. In general, the curve first moves to the left then to the right, indicating that the 
efficiency of all commercial banks falls, then rises.

Efficiency comparison of financing stage and investment stage

The efficiency of SOCBs, JSCBs, and UCBs in the financing stage is generally higher than 
that in the investment stage. The two-stage efficiency values of all kinds of banks are 
about 0.7, requiring further improvement in the development level. Below, we analyze 
efficiency in detail from the perspectives of the financing stage and investment stage.

Financing is an important business of commercial banks; therefore, analyzing their 
efficiency in the financing stage is of great significance to their development. State-
owned commercial banks have the highest financing efficiency, followed by JSCBs, of 
which some have hit the optimal state during the research period. During the research 
period. the financing efficiency of JSCBs is generally on the rise. Urban commercial 
banks need to focus on efficiency at this stage. The efficiency at the financing stage is 
about 0.215 lower than that of SOCBs. See Table 7 for details.

The efficiency difference in the investment stage of the three commercial banks is 
small at about 0.55. Although the investment efficiency of JSCBs is relatively high, its 
efficiency value tends to slightly decline from 2012 to 2018. The efficiency of UCBs in the 
investment stage is slightly lower than that in the financing stage, while the efficiency of 
SOCBs in the investment stage is nearly 0.26 lower than that in the financing stage. We 

Table 8 Efficiency of the investment stage from 2012 to 2018

Cluster 2012 2013 2014 2015 2016 2017 2018

SOCBs 0.681 0.711 0.688 0.703 0.671 0.623 0.638

JSCBs 0.593 0.568 0.571 0.519 0.480 0.523 0.484

UCBs 0.589 0.646 0.689 0.548 0.561 0.627 0.654

Financing Stage

Investment Stage

Fig. 5 Commercial Banks’ distribution by stage efficiency from 2012 to 2018
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note that JSCBs need to focus on the flexible use of financing funds to improve invest-
ment efficiency on the basis of maintaining financing advantages. See Table 8 for details.

According to the calculation, the average efficiency value of the financing stage is 
0.836, and that of the investment stage is 0.608. The development level of the financing 
stage is superior to the investment stage. See Fig. 5 for the two-stage efficiency distribu-
tion of 34 commercial banks.

Improvement analysis

In terms of the 7 years of improvement in input and output variables, non-performing 
loans and return on capital yielded the lowest values. Their values for the three types 
of commercial banks are around 0.6, lower than the values of other variables. Deposits 
yielded the highest value, and its profit value for the three banks is close to 1, approach-
ing the optimal state.

Among the three types of commercial banks, SOCBs still have the best performance, 
followed by UCBs, then JSCBs. As far as SOCBs are concerned, the value of their return 
on capital on capital is about 0.589. There is still room for funds management to be 
improved in SOCBs. The inter-bank borrowing value of UCBs is the lowest at 0.722, 
which indicates that they still need to learn from the financing ability of the other two 
types of commercial banks despite rapid development. However, they have the highest 
return on capital value, indicating strong profitability. Overall, JSCBs performed poorly, 
and their input and output variables need further improvement. However, their deposit 
and inter-bank borrowing values are as high as 0.9, which is near the optimal state and 
ranks second among the three types of banks. This shows that JSCBs have made great 
achievements in financing, which they need to maintain. See Fig. 6 for details.
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Conclusions and suggestions
Based on the UDSBM under an exogenous model, this paper analyzes the overall effi-
ciency, stage efficiency, and variable improvement of SOCBs, JSCBs, UCBs in greater 
detail.

It is found that the performances of the three types of commercial banks in China are 
greatly affected by the macro-level environment, such as GDP growth. The existing lit-
erature (see, e.g., Tan et al. 2016; Liu et al. 2020) shows that SOCBs perform best. While 
this study confirms this view, it also finds that UCBs have recently been performing bet-
ter despite lagging behind in earlier years. In addition, existing studies (see, e.g., An et al. 
2019; Chen et al. 2020) suggested that banks need to strengthen their management of 
non-performing loans. This paper also finds that commercial banks need to pay atten-
tion to the investment stage. In the following section, we present conclusions and sug-
gestions based on the above findings.

Conclusions
The overall efficiency of SOCBs is greater than that of JSCBs, while the overall efficiency 
value of UCBs is the lowest. With their strong growth base, SOCBs remain the leader 
of commercial banks. However, it is worth noting that the overall efficiency of UCBs 
fluctuates, and there is a gap of 0.036 from the average overall efficiency of JSCBs. This is 
because UCBs mainly serve local finance, enabling them to have a deeper understanding 
of their customers. Moreover, the government soundly supports their development. In 
addition, the overall scale of UCBs is small, and thus the mechanism is flexible and their 
independence is strong. The above positive factors help UCBs to become the best per-
forming banks. The poor performance of JSCBs is a new finding of this study. Joint-stock 
commercial banks are 0.1 less efficient than SOCBs on average and performed worse 
than UCBs in 2013 and 2018. We speculate that this is because JSCBs have not effec-
tively responded to the impact of macro-environmental factors such as GDP.

In terms of the two stages, the efficiency of the financing stage of SOCBs, JSCBs, and 
UCBs is better than that of the investment stage. Commercial banks have a strong ability 
to absorb funds, but a poor ability to operate them. In the financing stage, SOCBs is the 
most efficient, followed by JSCBs, while UCBs is the least efficient, which is predictable. 
However, in the investment stage, UCBs have the highest efficiency at 0.654, while JSCBs 
have the lowest efficiency at 0.484, which is different from the previous development 
law. This may be because UCBs, as China’s emerging banks, are geared toward local 
finance support. They are small in scale, flexible in mechanism, have strong financing 
capacity, and pay more attention to business development, therefore they can adapt to 
environmental risks and meet challenges. While the larger scale of assets or liabilities of 
SOCBs and JSCBs give them strong financing capability, it also leads to their inability to 
adjust their short-term corporate and asset structures. The profitability of JSCBs is weak 
in the context of GDP growth slowdown, market interest rate liberalization, and target 
customers for deleveraging enterprises.

All kinds of commercial banks have low non-performing loans and return on capital effi-
ciencies. The average non-performing loan value of SOCBs, JSCBs, and UCBs is 0.711, 0.48, 
and 0.67, respectively, and the value of return on capital is 0.589, 0.466, and 0.674, respectively. 
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The factors that contribute to this outcome include the following: First, the turbulence in the 
international financial market and unfavorable macroeconomic conditions in China. Second, 
the imperfect national regulatory system also leads to the emergence of non-performing loans 
to some extent. Third, some industries and enterprises in China have different degrees of 
operating difficulties, leading to blind credit or the inability to repay loans. Fourth, from the 
perspective of commercial banks themselves, weak risk awareness, imperfect credit manage-
ment, and poor supervision mechanisms are also important factors. Therefore, all commercial 
banks must strive to reduce the amount of non-performing loans and improve profitability in 
all aspects in subsequent operation and management processes.

Suggestions

First, we recommend that SOCBs strengthen internal control, optimize risk management 
mechanism, and use big data to conduct comprehensive risk assessment and judgment on 
customers to reduce non-performing loans and improve return on capital. Second, while 
large banks prefer interbank financing, they should also focus on the expansion of the per-
sonal business sector. In recent years, individual customers have continuously demanded 
retail consumer goods and services, and consumption has become a part of the main force 
driving the economy. Therefore, SOCBs should enrich financial products and strengthen 
the development of their retail business. Third, banks should conduct reforms that are in 
line with the trend of the times and approach flat management at the organizational level. 
Fourth, SOCBs must consider the expansion of international business as senior banks in 
the context of global economic integration. Finally, governments at all levels should gradu-
ally reduce their influence on SOCBs and fully stimulate their vitality and creativity.

For JSCBs, we suggest that they follow the development trend of the Internet, diversify 
their financial services, and pay attention to their investment business. Second, when 
expanding their business, JSCBs must control costs, ensure operational safety, and adjust 
the structure of assets and liabilities to more timely adapt to the market. Third, they can 
establish a long-term talent incentive mechanism, strengthen enterprise culture, and 
accumulate talent advantages. Fourth, due to the integration of the global economy, 
JSCBs should follow modern steps and take the road to internationalization by opening 
branches in neighboring countries to expand their business.

As a new entity in the banking industry, UCBs can improve their banking govern-
ance structure, optimize operations and management, and strengthen their risk man-
agement mechanism. For example, upper management should perform their respective 
supervisorial duties, cultivate excellent credit risk management personnel, and reduce 
the amount of non-performing loans. Second, the asset scale of UCBs cannot meet the 
capital needs of large customers because it is not as large as the other two types of com-
mercial banks. Therefore, UCBs should aim for correct market positioning rooted in 
local characteristics, maintain good relationships with local customer service, take the 
road of differentiated financial development, and seize opportunities for development. 
Third, on the basis of paying attention to traditional loan services, UCBs should pro-
mote the diversification of service products, comprehensively expand their business, and 
develop the matching equity scale to improve profitability. Fourth, all city governments 
should reach relevant agreements to provide preferential policies or support the cross-
city operations of UCBs.
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